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15 Field of the Invention

This invention relates in general to code division multiple access
(CDMA) messaging systems, and more specifically to a CDMA inbound
messaging system in which fixed base stations are grouped into re-use
20 groups.

Background of the Invention

Many conventional messaging systems include portable radio
25 communication devices carried by subscribers and at least one fixed base
station for transmitting messages to the radio communication devices for
subsequent presentation to the subscribers. In some of these systems, one
or more of the radio communication devices may be transceivers capable
of transmitting signals as well as receiving messages from the base station.
30 These systems are described as two-way messaging systems.

In two-way messaging systems, a portable transceiver can signal a
base station for a number of reasons. By way of example, the portable
transceiver could transmit a signal to the base station to deliver a message,
to acknowledge reception of a message, or to indicate to the base station

35 that the portable transceiver is located within the coverage area of the base

station. _
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2 Currently, one-way nessagi ng systens, e.g., paging systens, are typically
al l ocated a frequency channel, for exanple, 25 kHz." To add two- way

messagi ng capability to such a system portable transceivers require
limted throughput to the base station, e.g., 100 bits/sec. Additionally,
to 5 maximze battery life, it is desirable for the portable transceivers
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One possible method for multiplexing a set of narrowband inbound
signals is frequency division multiple access (FDMA). However
narrowband FDMA has the undesirable property that a great deal of
frequency accuracy is required in the local oscillators of the portable

15 transceivers in order to contain each signal within its allotted spectrum.
In order to fully utilize the spectrum allocated for FDMA, it would be
necessary to have nearly perfect frequency generation in the portable
transceivers, which is expénsive to implement. To allow for error in the
transmitter local oscillators, it is therefore necessary to provide sufficient

20 guardbands between inbound subchannels. However, this results in a
waste of spectrum.

Another method for multiplexing a set of narrowband inbound
signals is the use of code division multiple access (CDMA). CDMA
portable transceivers are simple to implement in comparison to those

25 used in narrowband FDMA systems because multiplexing occurs in the
code domain where frequency accuracy is not as critical. In addition,
guardbands between subchannels are not required because all subchannels
occupy the same spectrum. However, it is well known that CDMA
systems are interference limited, i.e., the number of simultaneously

30 transmitting portable transceivers is limited. Furthermore, existing
CDMA systems often suffer from the near-far problem. This problem
occurs when a fixed base station is unable to detect an inbound spread
spectrum signal that is significantly lower in power than other
simultaneously received inbound spread spectrum signals. In order to

35 make a CDMA system perform properly, therefore, it is necessary to
control the amount of interference, which depends upon the amount of
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Summary of the Invention

According to a first aspect of this invention, in a communication
system comprising base stations for communicating with portable
15 transceivers and a central controller for controlling the operation of the
base stations and for assigning seeds, a method comprises the steps of the
central controller determining which of the seeds are available seeds and
assigning a subset of the available seeds to a first one of the base stations.
According to a second aspect of this invention, a communication
20 system for providing two-way communication comprises base stations for
transmitting and receiving information and a central controller coupled
to and controlling the base stations. The central controller selectively
assigns seeds to each of the base stations in accordance with the
information transmitted and received by the base stations.

25
Brief Description of the Drawings
FIG. 1 is an illustration of a messaging systefn in accordance with a
preferred embodiment of the present invention.
30 FIGs. 2-9 are timing diagrams depicting the signal protocol of the

messaging system of FIG. 1 in accordance with the preferred embodiment
of the present invention.

FIG. 10 is a diagram illustrating an arrangement of re-use groups
utilized by the messaging system of FIG. 1 in accordance with the preferred

35 embodiment of the present invention.
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for use in the CDVA system should not require the addition of conplex power
or frequency control circuitry. 10 Summary of the Invention 1. A nethod for
assigning seeds in a code division nmultiple access 15 (CDVA) conmmuni cation
system i ncl udi ng base stations for conmunicating with portable transceivers
wi thin the comunication system the comunication system further including
a central controller for controlling the operation of the base station and

for assigning the seeds, the nmethod including the steps of: 20 (a)

the central controller determ.nning j C f the seeds are avaj.l apl eeds;
and (b) the cent raIFIQJrthlrlélaF‘eﬁ‘fle%E@f‘gﬁoﬁg ‘ﬁa&’iﬂ%é’? acﬁenfqﬁiec%tégh%lx@? s to
a first one of imhthehhessaging spsteém SOFIG. 1 in accordance with the preBirr&d
Description of thﬁ gravvi ng gs(? 1 i,s..an |t.I | ustrati on of a nessagi ng system
in accordance WPROSURFRE OF 88 RIS YSHOR t he present invention. 30

FI Gs. 2-9 are tinm fJGil2gsanBowebaxttillnstrating the operaiiont of the pfocessing unit
nmessagi ng syst e | C rﬁ‘ﬁﬁ | t |, ment of

t he present)slsnv%?r?ﬂ%ér? ﬁliflif b%bt?iﬁs a |%grdgn§1%'llggf%?§%arn§g ‘g@gﬂgemnt of
re-use groups uptdaferred embedimemtebthgresent dnventionG 1 in accordance with
the preferred 35 eniyeriiBgsanQiledthialbideR Hiagrare B A @abscriber unit included in

the messaging system of FIG. 1 in accordance with the preferred

embodiment of the present invention.

10 FIGs. 14 and 15 are flowcharts depicting the operation of the
microcomputer included in the subscriber unit of FIG. 13 in accordance
with the preferred embodiment of the present invention.

FIG. 16 is a flowchart depicting the further operation of the
microcomputer included in the subscriber unit of FIG. 13 in accordance

15 with the preferred embodiment of the present invention.

FIG. 17 is an electrical block diagram of a base station included in the
messaging system of FIG. 1 in accordance with the preferred embodiment
of the present invention. _

FIG. 18 is an electrical block diagram of cancellation circuitry included

20 in the base station of FIG. 17 in accordance with the preferred embodiment
of the present invention.

FIGs. 19 and 20 are flowcharts illustrating the interference
cancellation process of the microcomputer included in the base station of
FIG. 16 in accordance with the preferred embodiment of the present

25 invention.

Description of a Preferred Embodiment

System Description _
30  Referring to FIG. 1, a code division multiple access (CDMA)

messaging system in accordance with a preferred embodiment of the
present invention comprises a central controller 10 for controlling a
plurality of base stations 15, each of which has a coverage area within
which it transmits a radio frequency (RF) signal. The central controller 10
35 is preferably coupled to each of the base stations 15 by dedicated wireline,
although, alternatively, the central controller 10 may be coupled to the



4 FIG 11 is an electrical block diagramof a central controller included

I n the nmessaging systemof FIG 1 in accordance with the preferred

enbodi ment of the present invention. FIG 12 is a flowhart illustrating
the operation of the processing unit 5 included in the central controller
of FIG 11 in accordance with the preferred enbodi nent of the present
invention. FIG 13 is an electrical block diagramof a subscriber unit

i ncluded in the nmessaging systemof FIG 1 in accordance with the preferred

enbodi nent of the present .inventjon. 10 FIGs. 14 and 15 are
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: technique in which pseudo-noise (PN) sequences, or codes, are used to
10 spread a signal over a given bandwidth. PN sequences are generated by
the subscriber units 20 and are dependent upon information transmitted
to the subscriber units 20 by the base stations 15. This information
generally includes tap information, specifying feedback tap placement, and
the initial state of shift registers that méy be used to generate the PN
15 sequences. The initial states of the shift registers will hereafter be referred
to as "seeds". The information further includes register order
information, which conveys the length of the seeds.
Messages may be provided to the central controller 10 by a telephone
25 through a telephone network, such as the public switched telephone
20 network (PSTN) 30 or a private branch exchange. Additionally, messages
may be received by the central controller 10 via the PSTN 30 from another
input device 35, e.g., a personal computer, utilizing a modem 40.
Preferably, identification information corresponding to each message is
provided to the central controller 10 at the time when the message is
25 provided. For each message, the central controller 10 compares the
accompanying identification information with subscriber unit addresses
stored in memory. Thereafter, the central controller 10 retrieves the
address associated with the subscriber unit 20 to which the message is’
directed and provides the address and message to a base station 15 having
30 a coverage area in which the targeted subscriber unit 20 is possibly located.
The base station 15 then encodes the address and the message into a
selective call signal for transmission to the subscriber unit 20.
FIGs. 2 - 9 are timing diagrams illustrating the transmission format of
the signaling protocol utilized in accordance with the preferred
35 embodiment of the present invention. As shown in FIG. 2, the signaling
protocol comprises a plurality of frames, each of which includes a



cancel | ati on process of the mcroconputer included in the base station of
FIG 16 in accordance with the preferred enbodi nent' of the present 25

i nvention. Description of a Preferred Enbodi nent System Description 30
Referring to FIG 1, a code division nultiple access (CDVA) nessagi ng
systemin accordance with a preferred enbodi nent of the present invention
conprises a central controller 10 for contrglling a plurality of base
stations 15, each of which has a coverage area within which it transmts a
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stations 15 transmit one at a tlme, at the direction of the central controller

10 10, to allow each subscriber unit 20 to determine which of the base stations
15 is providing the strongest signal. Preferably, the sequential
transmission for each base station 15 comprises a synchronization (sync)
word, variable information, and fixed information, which usually
remains unchanged throughout transmission of the different frames.

15 At the beginning of the sequential transmission, the central
controller 10 directs a first base station, base station I, to begin transmitting.
As shown in FIG. 2, base station I transmits a sync word during which
subscriber units 20 located within the coverage area of base station I obtain
synchronization with the transmlssmn Thereafter, base station I

20  transmits the variable information comprising a message field and seed
fields, which each contain one or more seeds for use by subscriber units 20.

The variable information is preferably followed by the transmission

of the fixed information, which is provided by the central controller 10 for
transmission to the subscriber units 20 located within the coverage area of

25 Dbase station I. In accordance with the preferred embodiment of the present
invention, the fixed information comprises a fixed information "start
word", register order information, which specifies a seed length 7, and tap
information, each of which is stored by the subscriber units 20 for
sub'sequent initialization of a sequence generator located within each

30 subscriber unit 20, as will be described in greater detail below.
Alternatively, the register order information and the tap information
could be programmed into the subscriber units 20 at the time of -
manufacturing the subscriber units 20. However, the over-the-air
programming allows the register order information and the tap

35 information to be changed by the central controller 10, if necessary. For
example, the tap information and register order information may be
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accordance wit hINJf'F) é)ee ggéhe gf which are utilized by the subscriber units 20 in a
manner to be described below. The LACK and INIT seeds are preferably
15 unique to each base station 15.
Upon entry into the messaging system, such as when a subscriber
unit 20 is turned on, each entering subscriber unit 20 waits to receive the
preamble announcing the beginning of a frame of transmitted data.
Thereafter, the subscriber unit 20 ignores the variable information
20 transmitted by each of the base stations 15 during the sequential

transmission and receives the fixed transmissions from all of the base

stations 15 having a coverage area in which the subscriber unit 20 is
lIocated. The subscriber unit 20 determines which of the transmitting base
stations 15 has the strongest signal and stores the fixed information, i.e.,

25 the register order information, taps, and seeds, provided by that base
station 15 for subsequent utilization, as will be described below.

Once an entering subscriber unit 20 has stored the fixed information
provided during the sequential transmission of the base station 15 having
the strongest signal, the subscriber unit 20 waits for the beginning of the

30 next simulcast transmission, as may be better understood by referring to
FIG. 3. FIG. 3 is a transmission format preferably included within the
simulcast transmission. According to the preferred embodiment of the
present invention, at the beginning of each simulcast transmission, the
central controller 10 provides to all of the base stations 15 the addresses of

35 all of the subscriber units 20 for which the central controller 10 has
received messages. Additionally, each base station 15 included within the



35 enbodi nent of the present invention. As shown in FIG 2, the signaling
protocol conprises a plurality of frames, each of which includes a 6
preanbl e, a sequential transm ssion, and a sinmulcast transm ssion, during
which all of the base stations 15 included within the nmessagi ng system
transmt sinultaneously. Preferably, the sequential transm ssion is

I npl emented at a high data rate conpared to tQe sinulcast transm ssion. 5
For exanple, data transmitted during the sequéntial transm ssion may be
transmtted at 12 kil obits per second (kbps), while data transmtted during
the sinul cast trBAYABIE systemysipriltangesisly transmitsy dopingpime debitiiargynico t he
present inventi QRordltdtn8 diH@re%?ﬁHﬁ@itl}l%hy%é amd! ﬁ&hﬁﬁiﬁé&‘&uﬁﬁﬁgt ations 15
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wth the tr 19° mflfrlir?gn a preggefe%mti&red tgges %e?ito%t, transmit a LACK such that each
subscriber unit 20 that has received a message can be located within the
messaging system. This LACK is transmitted to the base station 15 which -

was previously determined by the subscriber unit 20 to have the strongest
signal during the sequential transmission. If one of the N subscriber
15 wunits 20 does not recognize its address during the simulcast transmission,
signifying that no message is intended for reception by the subscriber unit
20, the subscriber unit 20 preferably stores the fixed information
transmitted by a base station 15 having the strongest signal during the next
sequential transmission and again waits for its address during simulcast.
20 Because the subscriber units 20 respond only to the base station 15
from which the strongest signal was received, the subscriber units 20
communicating with a specific base station 15 are all preferably located
within the coverage radius of the base station 15.
As mentioned above, each inbound message, including each LACK,
25 transmitted by the subscriber units 20 to the base stations 15 is transmitted
- as a spread spectrum signal preferably centered about the center frequency
of an allocated bandwidth. This spread spectrum signal is generated by
using a PN sequence, i.e., a sequence of 0's and 1's, to spread a signal over
the allocated bandwidth. According to the present invention, the PN
30 sequence is generated by a sequence generator included in the subscriber
unit 20. The sequence generator is initialized with a seed, such as the
LACK seed which specifies the initial state of the shift register, as well as
the register order information specifying the seed length and the tap
information, which specifies feedback tap placement, provided by the base
35 station 15 having the strongest signal.



20 transmts the variable information conprising a nessage field and seed
fields, which each contain one or nore seeds for use by subscriber units
20." The variable information is preferably followed by the transni ssion of
the fixed information, which is provided by the central controller 10 for
transm ssion to the subscriber units 20 | ocated within the coverage area of
25 base station I. In accordance with the greferred enbodi nent of the
present invention, the fixed information conprises a fixed information
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the base st at i§redprocessipg gain Ne, 1.e., number of chips per symbol, for the

10  inbound messages transmitted from the subscriber units 20 to the base
stations 15. The processing gain N¢ is given by the formula N, = 2"-1.
Therefore, if the bandwidth is 25 kHz, which is a typical frequency
allocation, the time period Ts in which an amount of data (a symbol), such
as a LACK, is transmitted is approximately 10 ms.

15 Because the LACK transmitted by a subscriber unit 20 is dependent
upon the LACK seed provided by the base station 15 determined to have
the strongest signal, the targeted base station 15 is able to recognize the
LACK transmitted by the subscriber unit 20. For example, if a subscriber
unit 20 determines, during sequential transmission of the fixed

20 - information, that base station II has the strongest signal, the subscriber
unit 20 stores the register order information, tap information, and seeds
provided by base station II. Thereafter, at a predetermined time slot,
which preferably has a duration of 10 ms, i.e., the symbol time, the
subscriber unit 20 utilizes the register order information, tap information,

25 and LACK seed provided by base station II to generate and transmit its
LACK to base station Il. Because other base stations 15 await LACKs
generated by use of different LACK seeds, only base station I will detect
the LACK sent by the subscriber unit 20. Other base stations 15, even if
within range of the transmitting subscriber unit 20, will recognize that the

30 LACK is intended for reception by a different base station. In this manner,
each base station 15 is able to determine which subscriber units 20 are
within its coverage area.

Additionally, because the seeds, such as the LACK and INIT seeds, are
transmitted to the subscriber units 20 by the base stations 15 during each

35 frame, the subscriber units 20 can conveniently relocate to another cell,



5 wthin the nmessagi ng system The fixed information further conprises

uni que seeds, which are different for each of the base stations 15 within

t he nessagi ng system unlike the register order -information and the taps.
The seeds are binary nunbers having n bits, where nis the | ength specified
in the register 10 order information. The seeds transmtted by each of the
base stations 15, including base station I, ring transm ssion of the
fixed information include a | ocation acknow edgnment (LACK) seed and an

initialization (INIT) seed, each of_whjch gre utilized by the subscribher
units 20 in a n’a?rné?‘)’#‘t?rg’@%@?é’fqb %@M@WS{%@@ SHeferN %hg 1othe
preferably 15 substribet anétROsibgsly ssoreb tlisddls prooiderby Ythé Akt bikR station
messagi ng syste
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determined by subscriber unit k to have the strongest signal strength

during sequential transmission. Therefore, according to the present
15  invention, the targeted base station 15 detects the LACK and is able to
determine which subscriber unit 20 has transmitted the LACK.

FIG. 5 illustrates the situation in which subscriber unit M transmits a
LACK during time slot t\f+1. As described above, the LACK generated by
subscriber unit M is dependent upon the LACK seed transmitted by the

20  base station 15 determined by subscriber unit M to have the strongest
signal strength during sequential transmission. During time slot tpf+7, in
which a "null” address is transmitted, the targeted base station 15 receives
the LACK from subscriber unit M. Subsequently, all of the base stations 15
transmit a "closer”, which informs the subscriber units 20 that simulcast

25 mode is ending. ,

As described above, the transmission of each message, i.e., symbol,
such as a LACK, from a subscriber unit 20 requires approximately 10 ms,
and the base station 15 simulcast transmission is 1200 bps binary FSK
(frequency shift keyed). If, for instance, the addresses associated with the

30 subscriber units 20 are 50-bit addresses, each address requires 41.67 ms for
transmission from the base stations 15. Therefore, if 50-bit addresses are
utilized, each subscriber unit 20 will actually be able to transmit four
repeats of the 10 ms LACK during transmission of a subsequent address in
the next time slot. As a result, errors in which the base station 15 "misses"

35 a LACK are reduced because the energy in the repeatedly transmitted



30 next simulcast transm ssion, as nmay be better understood by referring
to FIG 3. FIG 3 is a transnmssion format preferably included within the
sifmmul cast transm ssion. According to the preferred embodi ment of the
present invention, at the beginning of each simulcast transm ssion, the
central controller 10 provides to all of the base stations 15 the addresses
of 35 all of the subscriber units 20 for ich the central controller 10
has received nessages. Additionally, each base station 15 included within

t he 8 nmessa stem si nul t ane usI trans during tine slot to, a
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subscri-ber unlACKS weredeeaivede Mgagézong,qiler then AS$181S8 By edet er mi ned

Haggi Bg(rji gd meggg 9 égtr?&ggﬁlﬁgr éﬂﬁguidef\ieeelactﬁ thebase sfationsnbtfoR0 t hat has
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transm sshgn. oLfi; 965 WRSHHRS5E A Yubscriber units 20 transmitted LACKs.
As described above, the central controller 10 may also, if necessary, change
the register order information, tap information, or LACK and INIT seeds
at this time.
Preferably, the variable information transmitted by each base station
15 15 comprises seeds provided by the central controller 10 and a message
field. The seeds include message acknowledgment (MACK) seeds, which
are utilized by the subscriber units 20 to acknowledge reception of a
selective call message, and initialization data (INIT DATA) seeds.
Preferably, each base station 15 transmits at least two MACK seeds to each
20  subscriber unit 20 which is to receive a message transmitted by the base
station 15 and from which the base station 15 received a LACK during

simulcast transmission. After reception of a message included within the
message field, as will be described below, the subscriber unit 20 utilizes a
first MACK seed to generate a first message acknowledgment (MACK) or a
25  second MACK seed to generate a second MACK recognized by the base
station 15 as being different from the first MACK. The first MACK may,
~ for instance, indicate that the subscriber unit 20 received the message,
whereas the second MACK may indicate to the base station 15 that the
transmitted message had too many errors and should be re-transmitted in
30 a subsequent message field. Alternatively, the base station 15 could
provide only a single MACK seed to the subscriber units 20 which are to
receive a message. The transmission of a MACK, generated through use
of the MACK seed, could then indicate that the message was received, and,
conversely, no response by a subscriber unit 20 could indicate that the
35 message should be re-transmitted.



4 _
15 wunits 20 does not recognize its address during the sinulcast
transm ssion, signifying that no nessage is intended for reception by the
subscri ber unit 20, the subscriber unit 20 preferably stores the fixed
information transmtted by a base station 15 having the strongest signal
during the next sequential transm ssion and again waits for its address
during sinulcast. 20 Because the subsgri ber units 20 respond only to
t he base station 15 fron1mhich t he strongeé? signal was received t he

subscri ber u'nitseéo communi c ting wth_a speci &ﬁ se statl -15 are all
preferably | ocat fﬂrtlﬁﬁﬁnf:ﬁr 358 weAtige] F%Wﬁld# r‘HBst@’%ﬁ SFH €15, As
ment i oned abouﬁuseas:a |, sabuaibércssidgand sulisdtibsguand) bhditatish 1 rbarm tted

by th b ts 2 t he b tati t

0y e S00scr pRELadd SO SRR B e BB ETS, o o
al | ocat ed ban@hedehtralkostroller@ there provides messagmugmchfcadrmgptxembgl a PN
1 ocat ed Dangastfioh BERS Suflicrifer L‘?ﬁ% % B bos SRAAEE, AdhEIR MACKS
sequence is geﬁeéisare@rpyldee tiem & for eachi of thg dwe subscribersunids 20 ber
uni t 20. The &eﬂq@meemaqﬁéysagé PPéfétaQleZi?guMéctribeﬁtﬁ@lez arfd/blaréfo t he

O e et e AV Eouted ok o Badb b B o G
i nformati on, wénizbllept@®i iroesleﬁéedbaniqueaMMKcmda,t eachrafvivhixdh hys ahe base
35 statigy 1§r&&vﬁ S bdk3 sthiioh qea?{ersdom tion of the simulcast transmission.
During transmission of the variable information, base station I transmits
address a, which is associated with subscriber unit g, followed by a first
MACK seed, referred to as MACKj 0, and a second MACK seed, referred to
as MACKj,1. Base station I then similarly transmits address b followed by
15  the seeds MACKp,0 and MACKp,7. In this manner, each of the subscriber
units 20 which transmitted a LACK to base station I receives two MACK
seeds with which to respond to a message included within the following
message field.
As described above, the sequential transmission is transmitted by the
- 20 Dbase stations 15 at a data rate of 12 kbps, which is ten times faster than the
data rate of the simulcast transmission. Therefore, if 50-bit addresses are
used within the messaging system, each address will be transmitted by the
base stations 15 in approximately 4.2 ms. Similar to a LACK, however, a
MACK requires a transmission time of 10 ms (with n = 7 and BW =25
25 kHz). As a result, the MACK is preferably not transmitted until after a
base station 15 has completed transmission of the message field, as may be
better understood by referring to FIGs. 6, 7, and 8.
FIG. 6 shows an example of the format of the message field for a base
station 15, such as base station 1. According to the present invention, all of
30 the base stations 15 within the messaging system employ a similar format
during transmission of the message fields included within the variable
information. Using the example described above, subscriber units 2 and b
are shown as receiving messages from base station I, which first transmits
address a followed by the message intended for reception by subscriber
35 unit g and a closer indicating to subscriber unit 4 that transmission of the
message is completed. Base station I thereafter transmits address b



For transm ssion of a given anmobunt of data, i.e., bits, included within an
I nbound nessage, the subscriber unit 20 requires a tine period Ts, referred
to ds a synbol tine, which is dependent upon the bandw dth of the system
and the length of the seeds, which determnes the length of the 5

sequences transmtted every synbol time. This synbol tine Ts is given by
the formula T[err]=[err] where nis the |len of the seeds given in the
regi ster order information and BWis the bandw dth of the system
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subscriber units 2 and b in accordance with the preferred embodiment of

15 the present invention. As shown, subscriber unit 4, after reception of
message #, generates a MACK through use of either MACK, 0 or
MACK,,1. The MACK generated using MACKj, 0 may, for example,
indicate that message a4 has been received without error. Conversely, the
MACK generated using MACKy, 1 may indicate that message a4 should be

20 re-transmitted at a later time. Similarly, subscriber unit b transmits an
appropriate MACK, generated by using either MACKp 0 or MACKp,7. In
accordance with the preferred embodiment of the present invention, the
MACKs are transmitted simultaneously by subscriber units  and b after
transmission of the final closer by base station I at the beginning of a

25 subsequent 10 ms time slot. Alternatively, the MACKSs could be
transmitted by each subscriber unit 20 immediately after reception of a
message, i.e., during the next available 10 ms time slot. Base station I is
able to distinguish between the two responses because the MACKSs have
been generated using different MACK seeds provided by base station 1.

30 If, after transmission of a message, a base station 15 does not receive a
MACK from the targeted subscriber unit 20, the base station 15 may re-
transmit the message during a subsequent frame. Alternatively, the base
station 15 might notify the central controller 10 that the targeted subscriber
unit 20 has not transmitted a MACK, in response to which the central

35 controller 10 may store the message until the targeted subscriber unit 20
has again sent a LACK to one of the base stations 15.



LACK to base station Il. Because other base stations 15 await LACKs
generated by use of different LACK seeds, only base station Il wll detect
the UACK sent by the subscriber unit 20. Qther base stations 15, even if
within range of the transmtting subscriber unit 20, will recognize that
the 30 LACK is intended for reception by a different base station. In this
manner, each base station 15 is able to deterggne which subscriber units 20
are within its coverage area Addi tionally, because the seeds, such as the
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10 taps, and register order information, an INIT signal for transmission to
the base station 15 during any 10 ms time slot. In response to reception of
an INIT signal, the base station 15 tags the INIT signal with a real time
value indicating the time slot in which the INIT signal was received.
Thereafter, the base station 15 transmits INIT DATA seeds to subscriber
15  units 20 from which the base station 15 has received INIT signals. These
INIT DATA seeds are transmitted in an INIT DATA field which preferably
follows the field in which the MACK seeds are assigned and which is also
included in the variable information.
According to the present invention, each subscriber unit 20 that has
20 previously transmitted an INIT signal to a base station 15 is assigned L
INIT DATA seeds, where L is an integer preferably given by the equation
L =2, and j is a positive integer. Therefore, if one of L inbound messages
is to be transmitted by a subscriber unit 20 during a symbol time of
approximately 10 ms, the number of bits that can be included within a
25 symbol time, Ty, is given by the equation Ny;;s= logoL. It can be seen, then,
that, as the number of INIT DATA seeds assigned to a subscriber unit 20
increases, the amount of information included within the symbol time,
Ts, also increases. Thus, as the number of INIT DATA seeds assigned to a
subscriber unit 20 increases, an inbound message having a fixed length,
30 ie., an inbound message including a fixed number of bits, can be
transmitted by the subscriber unit 20 more quickly, thereby increasing the
throughput of the inbound messaging system for that subscriber unit 20.
One method in which the assignment of INIT DATA seeds can be
accomplished is for the central controller 10 to assign all available INIT
35 DATA seeds to a base station 15 that is currently transmitting the variable



LACK i s dependent upon the LACK seed transmtted by the base station
determ ned by subscriber unit k to have the strongest signal strength
during sequential transm ssion. Therefore, according to the present 15
i nvention, the targeted base station 15 detects the LACK and is able to
determ ne whi ch subscriber unit 20 has transmtted the LACK FIG 5
illustrates the situation in which subscrijger unit Mtransmts a LACK
during time slot [err] M+1. As described above, the LACK generated by
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errors in whicentroHer b@ sietermines whish ofi the INITJ3ATA,sqedsiarg ay a,ﬂ@g
because the gugpaAY thélalditable BRET PUTA!deRHS 1 theBase station 15. The base
| station 15 then divides the available INIT DATA seeds evenly between the
K subscriber units 20 for transmission in the INIT DATA field. It may be
15 appreciated, however, that if no subscriber units 20 have initiated
communication by transmission of INIT signals, the central controller 10
need provide no INIT DATA seeds to the base station 15 and the base
station 15 need not transmit INIT DATA seeds to any subscriber units 20.
In accordance with the preferred embodiment of the present
20 invention, if subscriber units 20 have provided INIT signals to the base
station 15, the base station 15 transmits the INIT DATA seeds to the
subscriber units 20 in the order in which the base station 15 received the
INIT signals from the subscriber units 20. Rather than transmitting
addresses to identify the subscriber units 20, however, the base station 15
25 transmits the values corresponding to the time slots in which the INIT
signals were received because the subscriber unit addresses are unknown.
Therefore, each of the subscriber units 20 which has previously
transmitted an INIT signal to the base station 15 will recognize the
transmitted time slot value and will store the appropriate INIT DATA
30 seeds.
Accordingly, the base station 15 first transmits, in the INIT DATA
field, the time slot of a first received INIT signal, i.e., time slot 1. The
subscriber unit 20 that sent an INIT signal during time slot 1 recognizes
the transmitted time slot and prepares to receive INIT DATA seeds.
35 Thereafter, the base station 15 transmits a number of INIT DATA seeds for
reception by the subscriber unit 20 that transmitted an INIT signal during



LACK is four times greater than if transmtted only a single tineg,
resulting in better noise performance. Returning to FIG 2, after
conptetion of the simulcast transm ssion, the base stations 15 provide, via
t he dedicated wirelines, the central 5 controller 10 with the addresses of
t he subscriber units 20 from which LACKs were received. The central
.controller 10 then assigns an appropriate nugper of unique seeds to the
base stations 15 for transm ssion as variable information. Additionally,
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subscri ber unit | zes a
enty—four available INIT DATA seeds to the base station 15, each

subscriber unit 20 will receive eight INIT DATA seeds from the base
station 15 during the INIT DATA field. As a result, each of the three
subscriber units 20 will be able to send three bits of data to the base station

15 15 during a symbol time, which is preferably 10 ms. If, on the other hand,
twelve INIT DATA seeds are available, each of the three subscriber units
20 will receive four INIT DATA seeds and will be able to send two bits of
data in each symbol time. Therefore, it is desirable to provide as many
INIT DATA seeds as possible to the subscriber units 20 from which

20 inbound messages will be transmitted.

Preferably, the subscriber units 20 begin sending inbound messages to
the base station 15 as soon as the INIT DATA seeds have been received
from the base station 15. Each inbound message is, in accordance with the
preferred embodiment of the present invention, followed by an "end-of-

25 message” indicator, in response to which the base station 15 notifies the
central controller 10 that the INIT DATA seeds used by a subscriber unit 20
to transmit an inbound message are no longer in use by the subscriber
unit 20. | |

However, a situation could arise in which a subsequently

30 transmitting base station 15 might request a large number of INIT DATA
| seeds before they are available from the central controller 10. This could
occur, for example, if the subsequently transmitting base station 15

requests INIT DATA seeds before any of the subscriber units 20 to which
all of the previously available INIT DATA seeds are assigned have

35 completed their inbound transmissions. To reduce the risk of such a
situation occurring, the central controller 10 could provide only a certain



first MACK seed to generate a first nmessage acknow edgnent (MACK) or a 25
second MACK seed to generate a second MACK recogni zed by the base station
15 as being different fromthe first MACK. The first MACK may, for

i nstance, indicate that the subscriber unit 20 received the nessage,
whereas the second MACK nmay indicate to the base station 15 that the
transmtted nmessage had too many errors and sftould be re-transmtted in 30
a subsequent nessage field. Alternatively, the base station 15 could
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| the number of bits is determined by the number L of INIT DATA seeds

assigned to the subscriber unit 20. These bits, given by the equation

Npiis= logoL, are transmitted as a direct sequence spread spectrum signal

preferably centered about the center frequency of the allocated bandwidth.

15 In an alternate embodiment of the present invention, however, the
subscriber units 20 could transmit at more than a single frequency. For
instance, in the case where two offset frequencies, such as +/- 500 Hz, are
used, the subscriber unit 20 could transmit one of two spread spectrum
signals centered at the center frequency +/- 500 Hz. Therefore, the

20 subscriber unit 20 could conveniently transmit twice the number of bits
per symbol time. In the more general case where any number of
frequencies, rather than only the single center frequency, are used, the
number of bits per symbol time is given by the equation Np;;s= loga(NgL),
where Nf is a positive integer representing the number of possible

25 frequencies at which the subscriber unit 20 is able to transmit.

Alternatively, data could be transmitted in the form of different PN
sequences at a single frequency or in the form of a PN sequence at different
frequencies. These cases are represented by the fbr_mulas Nypits= NAlogoL)
and Nyis= L(logaNy), respectively.

30 Although, in accordance with the preferred embodiment of the
present invention, the subscriber units 20 are able to initiate
communication with the base stations 15, other alternate embodiments of
the present invention are envisioned in which the subscriber units 20 are
simply able to provide location and message acknowledgments (LACKs

35 and MACKS) to the base stations 15. In such alternate embodiments, it
would be unnecessary for the base stations 15 to transmit the INIT seeds



10 order n, to base station | after conpletion of the sinulcast

transm ssion. During transm ssion of the variable information, base station
| transmits address a, which is associated with subscriber unit a, followed
by a first MACK seed, referred to as MACKa, o, and a second MACK seed,
referred to as MACK[err],1. Base station | then simlarly transmts address
b followed by 15 the seeds MACK[ err] and MAqgerr] 1. In this manner, each
of the subscriber units 20 which transmtted a LACK to base station |

'receivestv\oI\/A se ds ich to .respond ) ded t hin
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message intended for .reception ri be
J dmvenhon, e base stth g’ are grouped in seven (7) "re-use" groups of

seven (7), and the base stations 15 within each re-use group are labeled

15 with Roman numerals I - VII. The subscripts to the Roman numerals
designate the group number. For example, the fifth base station in the
fifth group is labeled V5. If the transmitting power of each of the
subscriber units 20 is adjusted correctly, the seeds (LACK, MACK, INIT,
and INIT DATA) transmitted by some of the base stations 15 may be re-

20 used by other base stations 15 within the messaging system. For example,
the transmitting power of the subscriber units 20 might be adjusted such
that subscriber units 20 associated with base station I within each group
can re-use the same seeds. In this manner, if a base station 15 within a
first re-use group requests INIT DATA seeds, for instance, from the central

25  controller 10 when all of the INIT DATA seeds are unavailable, the central
controller 10 can determine if any of the INIT DATA seeds are currently
assigned to the base station 15 of the same number within a different re-
use group. If so, those INIT DATA seeds could be assigned to, and thus re-
used by, the requesting base station 15, thereby advantageously providing

30 for an increased number of subscriber units 20 that may transmit during a
single time slot.

Central Controller Description
FIG. 11 is an electrical block diagram of the central controller 10, in

35 accordance with the preferred embodiment of the present invention, for
controlling the operation of the base stations 15 (FIG. 1) included within
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35 unit a and a closer indicating to subscriber unit a that transm ssion
of the nessage is conpleted. Base station | thereafter transmts address b
13" fol l owed by the nmessage intended for reception by subscriber unit b and
a closer. According to the present invention, base station | then transmts
a final closer to indicate to subscriber units a and b that transm ssion of
the nmessage field is conpleted. 5 I nygn al ternate enbodi ment of the
pr esent invention the transm ssion of the MACK seeds to a specific

bscrib ul d | tr f th
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subscri ber unlts a i n accor err.ed enmpodi,nent of
the present | R PIOREINE STl ok ason Ping ShAGRCSNg AR of
message a, geﬁenatl&sbasd\dké}ionm ﬂb@efmblyohaaiédie&tedﬂ%ﬂf{elm& ] ACclock WIRCKa, 1.
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10  the transmissions, both simulcast and sequential, from the base stations

15.

When a call is received, the processing unit 108 handles the
processing of the message. The processing unit 108 is preferably a
microcomputer, such as an MC68000 or equivalent, which is

15  manufactured by Motorola, Inc., and which runs various pre-programmed
routines for controlling such central controller operations as voice
prompts directing a caller to enter a message, etc. Alternatively, the
processing unit 108 could be implemented using hard-wired logic capable
of performing the described processing functions.

20 Upon reception of a message, the processing unit 108 stores the
message in a message buffer 112 and references information stored in a
subscriber database 115 to determine how the received message is to be
processed. The subscriber database 115 includes, for example, information
such as addresses assigned to the subscriber units 20 included within the

25 messaging system, message type associated with the address, and
information related to the status of a subscriber unit 20, such as active or
inactive for failure to pay a bill. A data entry terminal 120 is provided
which couples to the processing unit 108 and which is used for purposes
such as entry, updating, and deletion of information stored in the

30 subscriber database 115, for monitoring system performance, and for
obtaining such information as billing information.

Further coupled to the processing unit 108 is a seed database 125 in
which is stored a number of seeds. Preferably, the seed database 125
includes at least one LACK and INIT seed for each base station 15 in the

35 messaging system. Alternatively, if re-use groups are formed within the
messaging system, as described in FIG. 10, the seed database 125 could
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20 re-transmitted at a later time. Similarly, subscriber unit b transnmits
an appropriate MACK, generated by using either MACK[err]O or MACK[err]1l. In
accofdance with the preferred enbodi nent of the present invention, the
MACKs are transmtted sinultaneously by subscriber units a and b after
transm ssion of the final closer by base station | at the beginning of a 25
subsequent 10 ns tine slot. Alternatively, t MACKs could be transmtted
by each subscriber unit 20 i medi ately after ‘Teception of a nessage, i.e.,

during the next avalable 10 tinme_slaqt. tatjon | is able to
di sti ngui sh bet \n&%tﬁx melude at g’gﬁbﬂ%%g‘zé%ﬁ’gm%ﬂ&§ eﬁﬁﬁgaﬁ%éﬁt’&é‘r@ ated
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message during adransbsiédueing & single tinne &Dhaﬁdﬂhhynaﬂﬁethbessedsiaaabam 125 mi ght
notify the C;n ff&h&&k&ﬁh&@t\/{&@ﬁm IN eée%Els ?&bﬁfé bg%hbg&ﬁele]@m@é’s
not transmtted a

n.response to |ch e centr control
may store the n@Qs‘H@@dﬂﬁitYVllt}tméh?éﬁ‘@é?@&gsﬁW%% ber unit 20 has again sent

a L]f\CK t 3 ORE gf the &?&@s@ib%ﬂl abisve] Bhe prockésih@ G V08I geREratst ’dimliﬂg als
et er e orbo et of o R B RSB T BS PR Gt b S
each of the bas®egimandrendl fransmissionssin ther singileasy wed sexjuentiah smodes. 0At a
uni que I'NI TlﬁeEQhe Tﬁginning of each simulcast transmission within a frame, the
' processing unit 108 retrieves the addresses of any subscriber units 20 for
which messages are stored in the message buffer 112. The processing unit
108 then relays the addresses and a simulcast activation signal over the
data ports 110 to the base stations 15. Thereafter, the base stations 15
15 simulcast the addresses and receive LACKs from the operational
subscriber units 20 which are operational, i.e., powered up and operating
correctly, and located within range of the base stations 15. At the end of
the simulcast transmission, each base station 15 transmits to the central
controller 10 the addresses of the subscriber units 20 from which LACKs
20 were received, in response to which the processing unit 108 retrieves the
messages from the message buffer 112 for transmission to the appropriate
base stations 15. Additionally, the processing unit 108 preferably assigns to
the appropriate base station 15 at least two MACK seeds for each subscriber
unit 20 from which a LACK was received.

25 In accordance with the preferred embodiment of the present
invention, each base station 15, prior to transmission of its INIT DATA
field, communicates with the central controller 10 to request INIT DATA
seeds when one or more subscriber units 20 have transmitted INIT signals
to the base station 15. This communication, which preferably occurs at

30 different times for each of the base stations 15, conveys the number of
subscriber units 20 from which the base station 15 has received INIT
signals. In response to reception of the request for seeds, the processing
unit 108 consults the seed database 125 to determine the number of
available INIT DATA seeds. Preferably, unless a percentage of the INIT

35 DATA seeds have been designated as reserve seeds, all of the available
INIT DATA seeds are provided to the requesting base station 15 for



5 subscriber units 20 store the INIT seed transmtted by the base station
15 which was determ ned to have the strongest signal during the previous
sequential transm ssion. Thereafter, if a subscriber unit 20 needs to
initiate comuni cation with the base station 15 which transmtted the
stored INIT seed, the subscriber generates, through use of the INIT seed,
10 taps, and register order information, an | T signal for transm ssion
to the base station 15 during any 10 ns tine ot. In response to reception
of an INIT signal, the base station 15 tags the INIT signal with a rea
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an i nbound nessage
ransrmt da a more quickly.

This process may be understood more clearly by referring to FIG. 12,

15  which is a flowchart illustrating a process by which the processing unit 108
of the central controller 10 could assign INIT DATA seeds to the base
stations 15. In accordance with the preferred embodiment of the present
invention, the processing unit 108 receives, at step 140, a seed request from
one of the data ports 110. The seed request is transmitted to the data port

20 110 from a requesting base station and includes information by which the
number of subscriber units 20 that are requesting communication may be
detected. Thereafter, at step 145, the processing unit 108 consults the seed
database 125 (FIG. 11) to identify the seeds that are currently unassigned to
any of .the base stations 15 within the messaging system. When re-use

25 groups are utilized within the messaging system, the processing unit 108,
at step 150, further determines whether any seeds are currently assigned to -
any corresponding base stations 15 included in different re-use groups,
subsequent to which the processing unit 108, at step 155, determines the
number of available seeds. When re-use groups are not utilized in the

30 messaging system, the number of available seeds simply equals to the
number of unassigned seeds. Alternatively, when re-use groups are
utilized, the number of available seeds corresponds to the number of any
seeds assigned to corresponding base stations 15 in different re-use groups
as well as the number of unassigned seeds.

35 If, at this point, no seeds are available, at step 160, the processing unit
108 may generate a "seed denial” signal for transmission, at step 165, to the
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30 i.e., an inbound nmessage including a fixed nunber of bits, can be
trangmtted by the subscriber unit 20 nore quickly, thereby increasing the
t hroughput of the inbound nessagi ng system for that subscriber unit 20. One
met hod in which the assignnent of I NIT DATA seeds can be acconplished is
for the central controller 10 to assign all available INIT 35 DATA seeds
to a base station 15 that is currently transm4ting the variable 15

i nformation and to which at | east one subscriDer unit 20 has transmtted an

INIT signal, as nmay be better under,stood by referri tQ FI . EIG 9 is
a di agram i | | ustieqbFsirg ﬁ%sq $13HOR d] iﬂ&‘?lgBYgB‘Pﬁl‘%ﬁE?' I!)ﬁ%ﬂ‘ f?]eé?tge’baaﬁdb%&eés
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signals from SCr i rgat t han
one. Preferabl y,sﬁtbhg Sgggéet @g%%éﬁi@yé%goﬁpﬁegéé%\(}eéaq?%ese%zséI i'he to the
central control |desctibegrabove; this salpsatimay inclede everyl awailableTseed; e, d@f theuch as
during the CK f. [ I I : gifcgﬁ dlg(ér@er of
subscri ber lI\JAr%i tsacebglla\?v’hclogﬁo?ﬁlg%/gbg%.geﬁ%%gﬁﬁyy&?&o?%ﬁgg it;%%gll‘&‘ Si ; s to
the base stati orseeds, thesubset may inghidecthernumber ot ayailable ge lepsrfiees i ch
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S e 1 s Al B0 S 10 45 P St 15 disiod e o
transm ssion in stigon fbrTusPGNNIEDATAtseads: Therbaftenmprsep 385 dhe iprosassing
that if no smb S Cﬁxlup $58 ﬂ?éf%?ab%? tQé’s‘,’% U{B ét.ﬁl?stcﬁger database 115, each of the subsét of
available seeds to indicate that they are assigned to a base station 15.
Thereafter, when any of the seeds are no longer being used by a subscriber
unit 20 to transmit to the requesting base station, the requesting base
station sends a signal to indicate that the seed is no longer in use. In
15 response to reception of the signal, the processing unit 108 tags the seed to
indicate that it is once again unassigned. '
As mentioned above, the available INIT DATA seeds may also, if re-
use groups are included within the messaging system, include INIT
DATA seeds currently assigned to a base station 15 in a different re-use
20 group and having the same base station number as that of the requesting
base station 15. For example, base station I may be assigned INIT DATA
seeds which are currently assigned to other base station I's included
within different re-use groups in the messaging system. Preferably, the
seeds, i.e., the MACK and INIT DATA seeds, included within the variable
25 information are again tagged as "available" when the central controller 10
is notified by the base stations 15 that the seeds are no longer needed for
use by the subscriber units 20.

Subscriber Unit Description
30 With reference to FIG. 13, a block diagram of a subscriber unit 20 in

accordance with the preferred embodiment of the present invention is
depicted. The subscriber unit 20 comprises an antenna 200 for
transmitting and receiving radio frequency (RF) signals and a switch 205
coupling the antenna 200 to a receiver 210 and a transmitter 215.

35 Preferably, the switch 205 defaults to a "receive” mode, in which signals
are received by the antenna 200 and provided to the receiver 210, until



communi cation by transm ssion of INIT signals, the central controller 10
need provide no I NIT DATA seeds to the base station 15 and the base station
15 need not transmt |INIT DATA seeds to any subscriber units 20. In
accordance with the preferred enbodi nent of the present 20 invention, if
subscri ber units 20 have provided INIT signals to the base station 15, the
base station 15 transmts the INT DATA seeﬂ§ to the subscriber units 20 in
the order in which the base station 15 recerved the INIT signals fromthe

r than, tran s toidenptify the

subscri ber units 20. th mtting address t
subscri ber uni%egeBgon Eg\ﬁeﬁmsqlﬁes‘lg&?g 1R IepeRse ‘2’%‘“ %%Wftﬁg 30% val ues
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&pp RHHiti’ér?aligf)'laIc&r?ﬁ%}Q fﬂlng ﬁﬁ?%rﬁéﬁ?@ﬁﬂbﬂ,gﬁbé %egéngap?ﬁs RERIdel

first transmts, Int I e sl ot irst received
INIT signal, i2Eeceiygdgignpbstrengthmindicaier (RBID) 22Aifer determining:the an INIT
si gnal during stiefigthloftthé reesioedisi@l! Fhe sighshbiréRgtht indBsisletterdthdHEPAr €S
to receive I NI T DATA seeds.., 35 .Thereafter ..the hase station 15 tr mts a
nunber of | NI TVHARRS ?&3}9@5 Sk gﬁ%‘ffh@ﬁ"‘%@“ﬂe SE@%EE A TBGTORMPURT 149at
transnitted arthroligh sngnphit/fmrtpng(I/O)s 230. In accordance with the preferred
10 embodiment of the present invention, the demodulated data is processed
by a central processing unit (CPU) 235 internal to the microcomputer 225
to decode addresses, time slot values, messages, seeds, and data included
within the fixed information transmitted by the base stations 15 (FIG. 1).
The decoded information is subsequently stored in a random access
15 memory (RAM) 240. |

In addition to the RAM 240, the microcomputer 225 includes a read
only memory (ROM) 245, such as an EEPROM (electrically erasable
programmable read only memory), which stores subroutines controlling
the operation of the subscriber unit 20. Further included in the

20 microcomputer 225 is an oscillator 250 for generating timing signals
utilized in the operation of the microcomputer 225. A crystal 255, or a
crystal oscillator, is coupled to the oscillator 250 to provide a reference
signal for establishing timing of the microcomputer 225. A counter 260,
internal to the microcomputer 225 and coupled to the oscillator 250,

25 provides programmable timing functions which are utilized in
controlling the operation of the microcomputer 225.

In accordance with the preferred embodiment of the present
invention, a pseudo-noise (PN) sequence generator 265 is coupled to the
microcomputer 225 through the I/O bus 230. The PN sequence generator

30 265 is preferably a shift register which, when provided with tap
information and a seed of length n, generatés a PN sequence of length
27-1. The tap information may, for example, include information by
which a plurality of programmable switches within the shift register may
be set. As mentioned above, the seed length  is preferably equal to seven

35 to achieve an appropriate processing gain for transmitted signals.
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time slot 1. As nentioned above, this nunber of IN T DATA seeds is
preferably equal to the nunber of available |INIT DATA seeds divided by the
K subscriber units 20 that previously sent INIT signals to the base station
15. Because the nunber of INIT DATA seeds provided to a 5 subscriber unit
20 can vary, the base station 15 further transmts a closer after
transmtting I NI T DATA seeds to each subscrigﬁg unit 20 to indicate that
the transmi ssion of INIT DATA seeds to a giv subscriber unit 20 is
conplete. By way of exanple, if three subscriber units 20 transmtted INIT
10 signals to tlherefpre, thealNgequence genernatorceaht gemeratast FIN| seguencesphaxinged

twenty-four avaiéféﬁ%ﬂlxwhk@ﬁ@%%ﬁ&hé%ew RYs$bddd.on 15, each

subscri ber unit 20 recei ve eight INLT DATA seeds fromthe base_station
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base station 15 pr%géér{tieg SwitfiShe message by manipulating user-actuated controls 290
coupled to the microcomputer 225 through the I/O bus 230. In response to
the user-initiated signal from the controls 290, the CPU 235 retrieves the

15 message from the RAM 240 for subsequent transmission to a display
driver 295 included within the microcomputer 225. The display driver 295
powers a display 300 and transfers the message to the display 300 for
subsequent presentation.

Referring next to FIGs. 14 and 15, flowcharts depict the operation of

20 the microcomputer 225 (FIG. 13) when the subscriber unit 20 is powered
up. In accordance with the preferred embodiment of the present
invention, the CPU 235 (FIG. 13) ignores all information included in
received radio frequency (RF) signals until reception, at step 310, of a
preamble indicating the beginning of a frame. Thereafter, the CPU 235

25 obtains synchronization, at step 315, with a sequentially transmitting base
station 15. Preferably, the CPU 235 ignores variable information
transmitted by the base station 15 and waits, at step 320, for reception of a
fixed information start word, subsequent to which the CPU 235 stores the
signal strength measurement provided by the RSSI 220 (FIG. 13) and the

30 fixed information transmitted by the base station 15, at steps 322, 325, in
the RAM 240. In accordance with the preferred embodiment of the
present invention, the fixed information comprises register order
information, which specifies the seed length #, and tap information
which is utilized by the microcomputer 225 to initialize the PN sequence

35 generator 265. The fixed information further comprises LACK and INIT
seeds, as mentioned above.
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central controller 10 that the INIT DATA seeds used by a subscriber unit 20
to transmt an inbound nessage are no |onger in use by the subscriber unit
20." However, a situation could arise in which a subsequently 30
transmtting base station 15 m ght request a | arge nunber of IN T DATA
seeds before they are available fromthe central controller 10. This could
occur, for exanple, if the subsequently tr mtting base station 15
requests I NI T DATA seeds before any of the bscri ber units 20 to which al
of the previously available INIT DATA seeds are assigned have 35 conpleted
their inbound transhtesstionage vhthesignal shengthsand the; fixed dnformagiarg the

occurrit ng, tpq%pgmssaa?@%?mélal dfvgég%}Atﬁ@lae u@ﬂtiﬁé{li ﬁsnﬁﬁisgitqin éfiit?)ikééln t t_17 15
percentage or ., e avall a e seeds egaues ase ,statl on
P hol a2t he. dnfiumiatan PoErRIEte PRAKETEAS 9 AehckiALoRR 350 aganlatste | N T

DATA seed to ayhequmsl. i I gatisase 330,ahe simiikcastidyercekordis ndtedetected vibel CPT DATA

seeds could b r Qyl..ded S - . AN tien 15
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received | NI T andTmaoséteds the sigaal Istrengin ofiithe tragsmissiom do deseraime, at step

accordance wi tgast %&E&f&%rﬁ%ﬁ'g@ﬂﬂf ok tiRd sﬁﬁ&gr%ﬁﬁﬁﬁe $tAMEAY QE §r@at_er
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subscriber unif 20 1s able . td transmt qnly certaln nunber bits
i ncl uded wit hitfaalarthﬁ sERyeHSigRalsien r‘raﬂge-e- e%%%&gnaf ﬁﬁ,ensﬁb

subsequent base station 15 is greater, the signal strength value and the

10 fixed information transmitted by the subsequent base station 15 replace, at
steps 322, 325, the previously stored fixed information and signal strength
value in the RAM 240. This process continues until the simulcast sync
word is detected, at which time the microcomputer 225 will have stored
the fixed information transmitted by the base station 15 from which the

15  strongest transmission was received. Preferably, the subscriber unit 20
will, at this point, be located within an approximate distance range from
the base station 15, as will other subscriber units 20 responding to the same
base station 15.

After detection, at step 330, of the simulcast sync word, the CPU 235

20 receives the simulcast transmission. During this transmission, the CPU
235 receives addresses and determines, at step 336, whether an address
associated with the subscriber unit 20 is present. If the address associated
with the subscriber unit 20 is detected, at step 336, indicating that a
message for the subscriber unit 20 will be transmitted, the LACK seed, tap

25 information, and register order information are retrieved from RAM 240
and provided, at step 340, to the PN sequence generator 265 (FIG. 13). The
PN sequence generator 265 thereafter generates and provides a PN
sequence to the microcomputer 225 through the I/O bus 230 for reception,
at step 345, by the CPU 235. The CPU 235 transfers, at step 350, the PN

30 sequence to the transmitter 215 (FIG. 13) and generates, at step 352, a
"transmit" signal to activate the switch 205 and enable the transmission of
a spread spectrum LACK signal to the base station 15 during the
appropriate 10 ms time slot. Because the LACK is generated using the
LACK seed provided by the base station 15, the base station 15 recognizes

35 the LACK as indicating that the subscriber unit 20 is located in the
coverage area of the base station 15.
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the nunber of bits is determ ned by the nunber L of IN T DATA seeds
assigned to the subscriber unit 20. These bits, given by the equation
Nerr]=log[err]L, are transmtted as a direct sequence spread spectrum
signal preferably centered about the center frequency of the allocated
bandwi dth. 15 1In an alternate enbodi nent of the present invention,

however, the subscriber units 20 coul d tran%r\:)t at nore than a single
frequency. For instance, in the case where of fset frequencies, such as
+/- 500 Hz, are used, the subscriber unit 20 could transmt one of two
spread spect rum si ghagreafienithe &PU 236 agaire abtaing, rad gtem355, synchamisition
Therefore, theyf th‘élﬁh%%rdti)&énQB'dur?R%QR@rkgq&&ﬁYaqftrﬁ%ﬁiﬁsi&k%s@&ivtew ce the

o1 equenci camEraeR Ak BRnsnt AUAGREpee L drmsniticenien MACK BB, | he
nunber of bit sthpdrase gtatioin 15."Wheh GieVCPUIDRB5 detetsLtistep 36@,&hé]atﬂdresst .
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r reT; pg_ct i vel . tﬁﬁ subscribéidtﬁr!ﬁ@ aoh ,'I_‘lfieliieaﬂ?fféi‘ot i ﬂc@cbw 283 Wa‘it%_q?f) E@éggﬁbﬁ%fbtlhg o
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Tt at e d8rminFeaBe S iR the Bessren Fumeiabiolasarec) Tor hELES5S,
enbodi nent s offollbwing eetertionnat stepB70ané tlenilsscoibed vinit add:@bs,tdvﬁte%ﬂhﬁzefi ber
nits 20 are gj |t ' ' now edgnment s
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enbodi ment s, i&8&., acceptable or unacceptable, may be determined by the performance of

an error correction/detection algorithm, as is known to one skilled in the
15 art.
If the message is determined, at step 375, to be acceptable, it is stored
and processed as described in FIG. 13. Additionally, the CPU 235 selects, at
- step 385, a first of the two MACK seeds that is recognized by the base
station 15 as indicating that the message is acceptable. If, conversely, the
20 message is unacceptable, the CPU 235 selects, at step 390, a second MACK
seed which may indicate, for instance, that the message should be re-
transmitted by the base station 15. The selected MACK seed, along with
the register order information and the tap information, is provided, at
step 395, to the PN sequence generator 265 (FIG. 13), which thereafter
25 generates and provides, at step 400, a PN sequence to the CPU 235. In
response thereto, the CPU 235 transmits, at step 405, the PN sequence to
the transmitter 215, which generates an appropriate spread spectrum
MACK signal. The MACK is transmitted by the subscriber unit 20 when
the CPU 235 enables, at step 410, transmission from the antenna 200 (FIG.
30 13) at a 10 ms time slot subsequent to the final closer transmitted by the
base station 15 to indicate completion of the message field. It may be
appreciated that the 10 ms time slot may vary with variations in the
bandwidth and processing gain of the signal, as described above.
Upon reception of the MACK, the base station 15 is able to
35 determine whether or not the message was received in acceptable
condition by decoding the PN sequence to determine which of the two
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woul d be unnecessary for the base stations 15 to transmt the INIT seeds
18 located in the fixed information or the INIT DATA field included in the
variable information. Referring next to FIG 10, a possible arrangenent of
base stations 15 within the nessaging systemis depicted. As shown, the
messagi ng system5 conprises a plurality of cells grouped into clusters.
The illustration shows a seven cells per cluster arrangenent, which
represents one of the several exanples of st er types known to those
skilled in the art. Each cell conprises a pre-defined area for

comuni cat i on providedcMAGK deede wwasautilized fori gerlepatiomr of ﬂamﬂl\h‘séqmémél af,ly

nunber cells Ofcblfed ¢f thﬁlﬁ' larly
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size and the ithe ﬂaaswaﬂ%l brfieterminessthad the message Waﬁnmqsf:@?fé
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seven re-us rou e base,sta
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subscri pts t o rhéssage mmtil thesubbaribkrsumit 20 dasiancgrmore trandmittedarLACKTO e,
the fifth bas t | Ret.ner. 14 t e

transmtting %ol?/ées? éggg%%riﬁ IH?lutdﬁfd tgscr |%h§esgar g%%t g%'e waf?teé the
correctly, thanessage maybg prarided tq\mrrothsn basestatipnTld) fqrrrsrtsmamxsalomyt% one

of the base sygéi@pscriberRyitRg. re- 20 used by other base stations 15

wi thin the nmessagi system For appl e
To 9 Rbse rfng hext to FIG. f(;p a flowchart illustrates the communication

initiation operation of the microcomputer 225 (FIG. 13) included within

the subscriber unit 20. In accordance with the preferred embodiment of
the present invention, the subscriber unit 20 is able to initiate
communication with and transmit inbound messages to the base stations
15 15. Communication may be initiated, for example, either in response to
user manipulation of the controls 290 (FIG. 13) or automatically, such as at
a particular time of the day.
As described in the system description, the subscriber unit 20
receives and stores fixed information, such as the register order
20 information, tap information, and LACK and INIT seeds, provided by the
base station 15 having the strongest signal strength during the sequential
transmission. Thereafter, when communication with the base station 15
is to be initiated, the CPU 235 retrieves the INIT seed, register order
information, and tap information from the RAM 240 for transfer, at step
25 420 to the PN sequence generator 265 (FIG. 13). In response thereto, the
PN sequence generator 265 generates a maximal length PN sequence,
which is provided, at step 425, to the CPU 235. The CPU 235 thereafter
provides, at step 430, the PN sequence to the transmitter 215 for encoding
into a spread spectrum signal, i.e., an INIT signal, that is transmitted when
30 the CPU 235 generates, at step 435, a "transmit" signal directing the switch
205 to couple the transmitter 215 to the antenna 205 during time slot x.
As described above, the base station 15 receives the communication
initiation (INIT) signal and stores a time value corresponding to time slot
x in memory. Subsequently, prior to transmission of the INIT DATA field
35 included within the variable information, the base station 15 |
communicates with the central controller 10 to inform the central



the transmtting power of the subscriber units 20 m ght be adjusted such

t hat subscriber units 20 associated with base station | within each group
can're-use the sanme seeds. In.this manner, if a base station 15 within a
first re-use group requests NI T DATA seeds, for instance, fromthe central
25 controller 10 when all of the INIT DATA seeds are unavail able, the
central controller 10 can determne if any qof the |INIT DATA seeds are
currently assigned to the base station 15 o8t he same nunber within a
different re- use group. If so, those INIT DATA seeds coul d be assigned to,
and thus re- usexutrbller i16ofthemesnbergobreceivedalNdnsigbalst ireredppnse to which

dvant | L | ' its 20
advant ageous! y 4ot EadINGLrifbl1ck oD BrarkapleBRRBUMREhad o(SHER 9510 N LS

that may transmt_during, a S%ﬂ% ntral Contr scription

. r
FIG 11 is an avalablpsgeds reterred tpyaniNbY DAEA sepds.aThessiNY] PATAseeds, 35
accordance W t hrd fanpmefted erfaedistaRivn 05 dubiy JNIT DATR ek, for
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110 coupl ed t oDATPANeRESFSTOWinE tHe fiflfe TAlueldranedtell] AP Stepruh0l 8¢ ehe/ RAOMdat a
| 10  240. It may be appreciated by one skilled in the art, however, that the
~ possibility exists that the CPU 235 will be unable to obtain synchronization
with the base station 15 to receive the INIT DATA seeds, such as when the
subscriber unit 20 has been relocated out of range of the base station 15. It
may therefore be necessary, in some circumstances, for the CPU 235 to
15 resume the operation described in FIGs. 14 and 15 to receive the
appropriate INIT seed for initiating communication with a different base
station 15. '
As described above, the central controller 10 assigns all of the
available INIT DATA seeds, or all of a subset of the available INIT DATA
20 seeds, to the base station 15 for equal distribution among any subscriber
units 20 from which INIT signals have been received. Therefore, the
number of INIT DATA seeds provided by the base station 15 to each
subscriber unit 20 could vary. As a result, the base station 15 further
transmits a closer after assignment of the INIT DATA seeds to each
25 subscriber unit 20. This closer is received, at step 455, by the CPU 235 and
is recognized as indicating that transmission of the INIT DATA seeds to
the subscriber unit 20 is complete. _
Thereafter, the subscriber unit 20 preferably begins the process of
transmitting an inbound message to the base station 15. The inbound
30 message may, for example, include a set of predetermined messages stored
in code memory 285 (FIG. 13) and which the user selects by manipulation
of the controls 290. Additionally, if the controls 290 include a sufficient
range of input keys, such as an alphanumeric keyboard, the user may
generate data included in an inbound message by typing characters on the
35 keyboard. Preferably, the predetermined messages or the user-generated



fromthe base stations 15, preferably via dedicated wireline. A clock 111
further coupled to the processing unit 108 provides real tine values
utili'zed by the processing unit 108 for generating timng signals to
activate 10 the transm ssions, both sinulcast and sequential, fromthe

base stations 15. Wen a call is received, the processing unit 108 handl es
t he processing of the nessage. The processing,unit 108 is preferably a
m croconputer, such as an MJ68000 or equival e which is 15 nanufactured

by Motorola, Inc., and which runs various pre- prograrrTed routines for
control | ing suctdateris canveried ito biraryofttpain annamaerwellknavwinse oneiskilded iy a

gg'u: grbteol ﬁgltg:m%tefméﬁsﬁﬁﬁh 1ﬁtr6 reSeh RIS 'tl’{@mrrm@rms?@%s' ng unit 108
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syst em per f or marspectrand sigmal,dlet,a signgl sprehd ianfass the iatlocated hanidwidth by the
i nformation. PN sequence, is transmitted to the base station 15 from the subscriber unit
20 in a time slot having a duration of the symbol time slot, , e.g., a 10 ms
time slot. If the inbound message, including an end-of-message word, is
15 not complete, at step 480, the CPU 235 again selects, at step 460, an
appropriate INIT DATA seed and the generation and transmission of PN

sequences is repeated until all bits of data included in the inbound
message have been transmitted to the base station 15.
As described above, when the spread spectrum signals transmitted

20 Dby the subscriber unit 20 are centered about a single frequency, the number

of bits that may be transmitted during a single symbol time, i.e., 10 ms, is

preferably given by the equation Np;;s= logoL, where L is the number of

INIT DATA seeds transmitted to the subscriber unit 20. Therefore, as the -

number of INIT DATA seeds provided to the subscriber unit 20 increases,
25 the time in which an inbound message is transmitted decreases.

By way of example, consider a situation in which an inbound
message to be transmitted to the base station 15 comprises the binary data
string “101111001000" If eight INIT DATA seeds are assigned to the
subscriber unit 20, the INIT DATA seeds could represent the following 3-

30 bit binary numbers:

seed 1 000" seed 5 100
seed 2 001 seed 6 101
seed 3 010 seed 7 - 110

35 seed 4 011 seed 8 111



Further coupled to the processing unit 108 is a seed database 125 in which
is stored a nunber of seeds. Preferably, the seed database 125 includes at
| east one LACK and INIT seed for each base station 15 in the 35 nessaging
system Alternatively, if re-use groups are forned within the nmessagi ng
system as described in FIG 10, the seed database 125 could 20 nerely
include at |east one LACK and INIT seed for_ each base station 15 within a
re-use group. Therefore, given a fi n}te lrjlur’r:t,')lr3 of .s_eedsz\é\nthl Indt?e .
messagi ng system reat er nunber of subscriber units 20 could transm
during a singl%eed; Sowfuckumepmnraﬁvet%ﬂv@efy@t thregthitseofidgasin ther t her
i ncl udeshMACK iabduhllimedAgé, é(ﬁﬁdg)ef ﬁﬁli%@ﬁtcbéeﬁéﬂ%éﬁ icher PNnée'cfleﬁQ% n'l:l’iI ‘&'t ‘iggd
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direct each bas@03),andoseedSl (AH0p eguld bedsexhth neﬁrmﬂegaeisaquemidnge si mul cast
and sequenti al éﬂ%ﬁﬁ | . as .ansm ssi on
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power ed UHOanqloW&&E b transmission time of the same inbound message requires a
significantly longer time. The four INIT DATA seeds could, for instance,
represent the following 2-bit binary numbers:

seed 1 00
15 ' seed 2 01
seed 3 - 10
seed 4 11

In this case, the same inbound message could be sent by sequentially

20  utilizing seed 3 (10), seed 4 (11), seed 4 (11), seed 1 (00), seed 3 (10), and seed
1 (00) to generate PN sequences for transmission to the base station 15. As
can be easily seen, the transmission of the inbound message in this case
would require six symbol times, or 60 ms. It may be appreciated, therefore,
that it is advantageous to assign as many INIT DATA seeds as possible to

25  each subscriber unit 20 from which an inbound message is to be
transmitted.

As mentioned above, the inbound message transmitted by each
subscriber unit 20 preferably includes an end-of-message word, which is
detected by the base station 15 and recognized as indicating that the

30 transmission of the inbound message is complete. In response to
reception of the end-of-message word from a subscriber unit 20, the base
station 15 informs the central controller 10 that the INIT DATA seeds
assigned to the subscriber unit 20 are no longer in use by the subscriber
unit 20. Thereafter, in accordance with the preferred embodiment of the

35 present invention, the central controller 10 may provide the INIT DATA
seeds to other base stations 15 as requested. Alternatively, if re-use groups
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correctly, and located within range of the base stations 15. At the end of
the sinmul cast transm ssion, each base station 15 transmts to the central
controller 10 the addresses of the subscriber units 20 from whi ch LACKs 20
were received, in response to which the processing unit 108 retrieves the
messages fromthe nessage buffer 112 for transm ssion to the appropriate
base stations 15. Additionally, the processi ggouni t 108 preferably assigns
to the appropriate base station 15 at | east MACK seeds for each
subscriber unit 20 f ich_a LACK was received. 25, I.n accordance
with the pref er@r@dlté{%@dwge ANIGDATA peedsamayibeconvepientiyautilized bysether on
15, prior to trgangse a@[g)wlﬂfmlthé m&gsI E&L stérql d, comruni cates with the
central controller uest see e or,
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subscri ber q4nits 20 that have sent INIT signals to the

Base Station Description
Referring next to FIG. 17, a base station 15 in accordance with the

preferred embodiment of the present invention comprises a receiving
antenna 500 for receiving a radio frequency (RF) signal and frequency
15 conversion circuitry 510 coupled to the receiving antenna 500 for down-
converting the RF signal to baseband for processing in a manner to be
 discussed below. A transmitting antenna 512 is further included within
the base station 15 for transmitting RF signals, which are generated by a
transmitter 515, to subscriber units 20 located within the coverage area of
20 the base station 15.
In accordance with the preferred embodiment of the present
~ invention, the frequency conversion circuitry 510 provides the base band
signal to an analog-to-digital converter 518 for sampling the baseband
signal, preferably one or more times per chip, to form a digital waveform,
25 which is stored in a signal buffer 520. The digital waveform is thereafter
processed, as will be described below, by a controller, such as a digital
signal processor (DSP) 525, which is coupled to the signal buffer 520 by an
input/output (I/O) bus 530. '
Further coupled to the DSP 525 by the I/O bus 530 is a data port 535
30- by which the base station 15 receives information from and transmits
information to the central controller 10 (FIG. 1). Preferably, as described in
the system description, the base station 15 receives, prior to transmission
of the fixed information (FIG. 2), register order information, taps, and
seeds (the LACK and INIT seeds), from the central controller 10 via the
35 data port 535. This fixed information is provided to a central processing
unit (CPU) 540 included within the DSP 525. The CPU 540 thereafter



requesting base station 20. In this manner, during tinmes when only a snal
nunber of subscriber units 20 have initiated communi cation, a greater
nunber of I NIT DATA seeds can be provided to each of the 5 subscriber
units 20. Therefore, the subscriber units 20 are able to transmt a greater
amount of data to a base station 15 within a single synbol tinme slot. It
may be appreciated that this allocation ofys NIT DATA seeds provides for a
met hod in which the inbound throughput for 1ndividual subscribers nay be

conveniently varied depending upon systemtraffic. 10 AggQhdi , Wwhen
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provideés programmable timing functions which are utilized in
controlling the operation of the DSP 525.
15 In accordance with the preferred embodiment of the present
invention, a PN sequence generator 570 is coupled to the DSP 525 by the
1/0 bus 530. The CPU 540 provides the register order information, taps,
and seeds to the PN sequence generator 570 for generatioﬁ of the possible
PN sequences with which subscriber units 20 could transmit the spread
20  spectrum signals to the base station 15. The possible PN sequences could
all be stored in the RAM 545, or, alternatively, because the seeds simply
determine the starting point of a PN sequence, a single PN sequence could
be stored and thereafter shifted by the CPU 540 to generate other possible
PN sequences. These PN sequences are utilized by the DSP 525 to decode
25 received spread spectrum signals in a manner to be described below.
It may be appreciated by one skilled in the art that the size of the
cells included within the messaging system may be such that the PN

sequences experience one or more chip delays. The maximum chip delay,

D, is approximated by the formula D= r (ZZN), where 7 is the radius of the

30 cell in meters, BW is the bandwidth of the spread spectrum RF signal, and
¢ is the speed of light (3 x 108 meters/ second). For example, if the radius
of a cell is 24 km, a PN sequence could experience one chip delay from a
subscriber unit 20 to the base station 15. Therefore, the possible PN
sequences utilized by the DSP 525 to decode a received RF signal might

35 include not only PN sequences generated by the PN sequence generator



any correspondi ng base stations 15 included in different re-use groups,
subsequent to which the processing unit 108, at step 155, determ nes the
nunber of avail abl e seeds. Wien re-use groups are not utilized in the 30
nmessagi ng system the nunber of available seeds sinply equals to the nunber
of unassi gned seeds. Alternatively, when re-use groups are utilized, the
nunber of avail abl e seeds corresponds to the Sgnber of any seeds assi gned
to correspondi ng base stations 15 in different“re-use groups as well as the
nunber of unassi gned seeds. 35 If, at this point, no seeds are

avai |l abl e, at st2f9, bed alscndeganesated N uequencs shiffed én dirae é0 accoymd for

STation Vi the P R A o e
to be avail abl e,a‘icﬁbmg?‘?fc‘é@?i%aﬂhﬂ‘@ dighal wiaveiargy 1tself ‘%‘Sg‘bbf lf(tj%l gﬁgé'ét_
of bt he avai | ab: epﬁﬁesbingﬂaqnﬂhbﬁbslBGEE. (lfatoalbaﬁ:eothéﬁhaﬂd, mmr:dfetaegéao?/f, this
subset may i u vai l. ed10k.  if i n troller 10
s programed t STTRRGR B AbaP BE e boul Ry IR bt B0 e

i ncl ude t he nunbehipalelaysiitogather dherebyquovidingfor adassacpamplex, and iperhaps
situation, the SyiaGtalRf sAURblaRise AT 15Whith AldH HAR o RN Bgvdghhe

data port 110 f m ssion to the requesting se station tor usevas
| NI T DATA seeds.aPRereafter, at step 185, the processing 10 wunit 108

preferably tags, in theacdpdsdtddrithitieaprierdd emibdithedlt ofthe prbs@it of
available segds §0hAoh e DsBH2s Rivhél cflifdsPSiTet Arén iRy Sl >
~ circuitry 575 and cancellation circuitry 580 for decoding spread spectrum
signals, as may be better understood by referring to FIG. 18. FIG. 18 is an
electrical block diagram of the cancellation circuitry 580. The cancellation
circuitry 580 comprises a first mixer 600 for despreading a signal included
15  within a digital waveform stored in the signal buffer 520 (FIG. 16).
Preferably, the despread signal is provided to the power/frequency
detection circuitry 575 for determination of the peak spectral power and
center frequency of the despread signal. The cancellation circuitry 580
further comprises a bandpass filter 605 coupled to the first mixer 600 for
20 filtering despread signals to form carrier estimates and a second mixer 610
coupled to the bandpass filter 605 for respreading filtered signals.
Additionally, an adder 615 is included within the cancellation circuitry 580
for subtracting respread signals from the digital waveform stored in the
signal buffer 520. The cancellation process may be better understood by
25 referring to FIGs. 19 and 20.

FIGs. 19 and 20 are flowcharts depicting the cancellation process
performed by the DSP 525 (FIG. 17) in accordance with the preferred
embodiment of the present invention. At the beginning of a symbol time
slot, e.g., 10 ms time slot, the CPU 540 sets, at step 700, a counter value, g,

30 equal to one (1), i.e.,, 4 = 1. Additionally, at step 702, the CPU 540 stores in
the RAM 545 an initial power value, which is set to zero, and an initial
frequency value, which is set to the center frequency of the bandwidth, i.e.,
Pp =0 and Fp = Fc. The CPU then, at steps 705 and 710, retrieves the digital
waveform from the signal buffer 520 (FIG. 17) and a gth PN sequence from

35 the RAM 545. The digital waveform and the gth PN sequence are
thereafter, at step 715, provided to the first mixer (FIG. 18), which, at step



Thereafter, when any of the seeds are no | onger being used by a subscri ber
unit 20 to transmt to the requesting base station, the requesting base
station sends a signal to indicate that the seed is no longer in use. In 15
response to reception of the signal, the processing unit 108 tags the seed
to indicate that it is once again unassigned. As nentioned above, the

avail able INIT DATA seeds may al so, if re-dﬂfe groups are included within
the nessaging system include NI T DATA see currently assigned to a base
station 15 in a dlfferent re-use 20 r and hayi sapre base
station nunber/28sdespreags ﬂ’t‘%@&néhgﬁé’fmﬁﬁﬁﬂﬁlﬁeﬂ‘@t igita nyefqrm bgthegfle, base

station | nmay P9 segémde Prefrably\fite a@qﬂ@amigim ¥ Providéd itlstep#35, goatet 0
ot her base statio

I d th f
messagi ng systRW tlfjrﬁéef%’reé‘(éyu € ?ﬁnscé’lé%’é%'lgérfgr dh %mli%%“gﬁro%pﬁifmg&
seeds, i ncl uddtepenkispetiral pawead?qe apd centerrdreqa,temyi, By, of padespregded as
I bl h t. t
12/ That " SHRALSCSARA O Bedf il i B 1
~ Subscri ber Unithamdbe inisial cmvw value storgg tin the KR 548 sets, Bt ock

diagram of a sysoss ek pibér Plubltodhe PedRBp Ecﬂ\blti’)bﬁrbﬁaﬁd‘%ﬁé'iﬁi%ﬁle”bom ment

f th t t. 20
ot oma 200 1 dreduetE? W?@ﬁﬁaﬂ}tsﬁgfwm BEershugekif G0 7 ks and

a switch 205 amdoFg g4 hadditicrally, ﬁf)step(74a ﬂxec(éPUéﬂ&Oa‘ags ﬂquih PNansmitter
215. 35 refera 205 a recei ve" node, in which
signal s a|1§ résggflglé%e H&Bﬁg\%\/ﬁ[ﬁ% n ﬂg Kﬁ%ﬁﬁﬁé 0g‘ed to the receiver 210,
unti | Subsequently, the CPU 540 determmes at step 745, whether the
value q is equal to the number N of possible PN sequences with which
subscriber units 20 could have transmitted signals. As described above,

depending upon the size of the cells included within the messaging

15 system, the possible PN sequences might include shifted PN sequences or

~ a shifted digital waveform to account for different chip delays. As shown,
this step (step 745) is also performed when, at step 730, the peak spectral
power of the despread signal is less than the initial power value set in the
counter 565 (FIG. 17). If, at step 745, g N, the value g is incremented, at

20 step 750, in the counter 565. Thereafter, at step 710, a next gth PN sequence
is retrieved from the RAM 545 and provided, at step 715, to the first mixer
600. The despreading, power detection, and frequency detection processes
described in steps 710 through 750 are repeated by the DSP 525 until the
value g is equal to the number of possible PN sequences (g = N), signifying

25 that the peak spectral power and center frequency of all despread signals
has been determined. At this point, the PN sequence associated with the
despread signal having the greatest spectral power is tagged in the RAM
545 and the power and frequency values of the despread signal having the
greatest spectral power are stored in the RAM 545.

30 When g is determined, at step 745, to equal the number of possible
PN sequences, the CPU 540 computes, at step 755, a threshold power value
based on the off-peak spectral power of the digital waveform. When, at
step 760, the peak spectral power of the despread signal is determined to be
less than the threshold power value, the CPU 540 preferably waits, at step

35 765, for the next symbol time slot and again begins the cancellation process
at step 700. Alternatively, for some expected signals, such as for MACKs or



23 reception of a "transmt" signal, in response to which the switch 205
enabl es the transm ssion of a signal provided by the transmtter 215. As is
wel |l 'known to one skilled in the art, the receiver 210 denodul ates a
received RF signal to recover data therefrom 5 Additionally, according to
t he present invention, the receiver 210 includes a received signal strength
I ndi cator (RSSI) 220 for determ ning the strqgfth of the received signal
The signal strength nmeasurenment and the data dre provided to a
decoder/control |l er, such as a n1§roconputer 225, .through an |nput/ouéﬁ

(1/0 bus 230. IINFCR signals ithe GRU @ff’é?Yé‘antmueéPrﬁEme%rfP dscodn

present inventi G zuhﬁ/ efenang ab the eala des, Qiletesigth the RW powetllevel of the
processi ng unit ot mcro uter 225 to decode

_ sé l.i) 235 |ritternal t aﬂcfﬁ%
addr esses, tine %S VY FESU Y dArlLa esrgcé(a\éery 4ta included within the
fixed information traWheni abstepy760hthevpeak spexrtiabpowis quhésdeﬁpreaﬂirmgnlﬁqeded

i nf tion | 240.
In addi ti on Po e %ﬁ%@b??%%?%g@%ﬁ%&%@ﬁ%ﬁ@%s a EGEUOR)
menory ( ROV 2451etgunmeﬁsahstegﬁﬁﬁdha(c éhe despread|sigral hastheenpeejvedcaptestly
read only nmenoryind #WoHe FEE&E@s%dSMEMt af%bk%ﬂ@gf% Jﬁktﬁm of

t he subscriber unit 20 rrt her inc¢cluded”i cr 51is an

oscillator 250 fRAWgEAEME desprend;signaliis, Sé‘?@eﬁﬁ} H?ﬂ\éerra‘ﬁ Y& of
the m croconput eheX2PJ 540cdoxdd aleté¥miineche aype wadaif applicably éie meanboyipf ed

to the oscilhyat qhHN eaugng ﬁgﬁzgd k6 ‘Zi%é 57648 the signal. The PN sequence might,
for instance, correspond to a first MACK seed that was utilized by a
subscriber unit 20 to indicate that a message was received correctly. In this
situation, the base station 15 might notify the central controller 10 that the
message has been received by the intended subscriber unit 20 and can be

15 deleted from the central controller message buffer 112 (FIG. 11).
Alternatively, the PN sequence could correspond to an INIT seed, in
which case the CPU 540 preferably stores the time slot of the INIT signal in
the RAM 545 for processing as described in the system and central
controller descriptions.

20 According to the present invention, the despread signal is provided
to a bandpass filter 605 (FIG. 18), which filters, at step 775, the despread
signal to form a carrier estimate. The carrier estimate is thereafter mixed
by the second mixer 610 with the PN sequence utilized to despread the

. signal, resulting in a respread signal which is subtracted, at step 785, from

25 the digital waveform stored in the signal buffer 520. The resulting
modified waveform, i.e., the digital waveform minus the respread signal,
replaces the digital waveform in the signal buffer 520. Additionally, the
CPU 540 removes, at step 795, the PN sequence from the list of possible PN
sequences stored in the RAM 545. The cancellation process as described is

30 continued either until no further possible PN sequences remain, at step
800, or until the peak spectral power of the strongest despread signal is less
than the threshold power value, at step 760.

In this manner, the base station 15 is conveniently able to decode all
signals received from subscriber units 20 within the coverage area of the

35 base station 15. Furthermore, because the despread signals are removed
from the digital waveform in an order determined by their peak spectral



signal for establishing timng of the mcroconputer 225. A counter 260,
internal to the mcroconputer 225 and coupled to the oscillator 250, 25
provi des progranmmable timnmng functions which are utilized in controlling

t he operation of the mi croconputer 225. In accordance with the preferred
enbodi nent of the present invention, a pseudo-noise (PN) sequence generator
265 is coupled to the nicroconputer 225 through the I/O bus 230. The PN
sequence generator 30 265 is preferably aS8hift regi ster which, when
provided with tap information and_a seed of |ength n, generates a PN
sequence of | pawes, wesﬁrpngestwaeélmtnmakﬁt pigmalfayvhiflo masx hape been ncl ude

i nformation byw\am Suiby ﬂ@és&b;n aémﬁbﬁe@aw q&éctmwtﬂetﬂaeesh'“
regi ster may be s Agb t|o abo qgseed@g%n% nhr‘}ﬁ regerabl
equal to sevef a@@“ 13 Lhex B?ﬁ?r%BPP%t 1B;age § v the preferred
transmtted segib@diment oIéthEr;m‘eeémr mvr?hh?n?.gd:‘l?mu ljyaﬂll@iri]rﬁt@é t}gc,ﬁlii o
gener at es N se Ces endth o C e_see is
Jeven- I'n § s necro radient Pafocr ' Ml SR vantdRL A ReteThicaHtRL

uni t 20, the SPite35irs wdhich sveakensigrials) eare batindiszinguishiablhfrenabystema 5
transducer drjugels 275 to power a transducer 280. The transducer 280 is

switched on and off, with reference to the oscjllator 250, at a frequency
dictated by a proglaaseardenee it jhe preferred grabodimentQfdiherriesent 285, whi-ch

is coupl ed t oirvedtiong e BaBe bRtioA2s Heteetified AStlonPeUsigRI0 whith is

10 subtracted from the digital waveform, subsequent to which the entire
process is repeated to determine a next strongest signal for subtraction.
This process is continued repeatedly, as described above, until the base
station 15 has received all signals present in the digital waveform.
Because the strongest signal is removed in each repetition of the

15  cancellation process, this method ensures that each signal is received as
accurately as possible. However, alternate embodiments of the present
invention are envisioned in which the cancellation process is performed
more efficiently, although not necessarily more accurately.

In one such alternate embodiment, the base station 15 might

20 identify, rather than a single strongest signal, a group of strong signals,
subsequent to which the entire group is subtracted. Thereafter, the base
station 15 could identify another group of strong signals for subtraction.
As in the method described above, the process would continue until all
signals were decoded by the base station 15. This method would reduce

25 the number of step repetitions necessary in the preferred embodiment.
However, while more efficient, the cancellation process in accordance
with the alternate embodiment may be more inaccurate than that
described in FIGs. 19 and 20, in which stronger signals, and thus
interference from the stronger signals, are removed one by one.

30 '

In summary, the narrowband CDMA messaging system in
accordance with the preferred embodiment of the present invention
provides for two—way communication between fixed base stations and
portable subscriber units included within the system. Preferably, a central

35 controller coupled to each of the base stations controls the base stations
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this manner, the transducer 280 generates, for an anount of tine 10
programmed into the code nenory 285, an audible alert to announce reception
of the nessage to a user. Thereafter, the user may choose to be presented
wi th the nessage by mani pul ati ng user-actuated controls 290 coupled to the
m croconputer 225 through the 1/0 bus 230. In response to the
user-initiated signal fromthe controls 290, e CPU 235 retrieves the 15
nmessage fromthe RAM 240 for subsequent "transtfission to a display driver
295 included within the mcroconputer 225. The display driver 295 powers a

di spl ay 300 and andapliacates saedstodhgdase stationsdpz subsequsnt teansmissien dethe
presentation. ReuBEdbE wexs. Tﬁld:ée@ﬂ alldtafiBfl id perforiedliay two deffbreht Wzﬁr :
r n|

operation of 20 the_m croc El G . the _subscri be
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Unlike conventional base stations, the base station according to the
present invention, prior to decoding each signal to recover a PN sequence,
15 determines the signal strength of each signal. The signals are thereafter
decoded in an order determined by signal strength. Therefore, because the
strongest signals are canceled from the spread spectrum signal first,

weaker signals, which might not be detected in conventional systems, are
easily detected by the base station. As a result, the near-far problem is

20 alleviated and a greater number of subscriber units are able to
simultaneously transmit to the base station. It may be appreciated,
furthermore, that it is not necessary for the subscriber units to include
complex power control circuitry for 1mplementat10n of the above
described method.

25 In accordance with the "inbound messaging" aspect of the system,
the base stations are allocated seeds depending upon system traffic. If, for
example, a base station receives a large number of communication
initiation signals from subscriber units, the number of seeds provided to
the subscriber units is less than if only a small number of communication

30 inijtiation signals are received by the base station. Therefore, the number
of seeds assigned to a subscriber unit varies with the number of subscriber
units requesting communication initiation seeds. As a result, the
throughput of the subscriber units is advantageously varied to allow an
individual subscriber unit to send data more quickly during time periods

35 when system traffic is light. Alternatively, when system traffic is heavy, a
larger number of subscriber units are able to communicate, but the data
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which is utilized by the mcroconputer 225 to initialize the PN sequence 35
generator 265. The fixed information further conprises LACK and INIT seeds,
as nhentioned above. 25 After storage of the signal strength and the
fixed information, the CPU 235 determ nes whet her the sequential
transm ssion of fixed information is conplete by attenpting to detect, at
step 330, a sinulcast sync word. If, at step,330, the sinulcast sync word
is not detected, the CPU 5 235 obtains, at ep 315, synchronization with a
subsequent base station 15 and nopnitors the signal strength of the
transni ssi on t sequires ailapgentima &y Bamsmigsion eFurthermpem dhissaltenagion of t he
subsequent bas SystkAil {1fibu g'u@ does 2ot !’recﬁlﬂ?é‘ thd'8sS bP E@ﬁ'\g‘lé)g Bl%kkﬁj;'}éii’&liﬂy

as

| ue. Wen th I th th t tati 5
oreater. the SMERH G SMEHDGRHONS ARMORI BY ThF cRBRILT APBYSRianSH COMA
transmtted bysydtenssubsequent base station 15 replace, at steps 322, 325,
RAM 240, TH 5" pr oce i ibRArc R BN B T QB hEE WA HIE ptéiamRd. o
at which tine embodiment@fpfhecspresas invientioaveorsiepiantlyt peovides dof theremt i on
transmtted by t'pcp]-n’L [ el t dasdr
transm ssi on W}alégr%é?gﬁ@%%&glyrve .ergﬁéﬁ t% T_sm‘.bscr ie'bae,rheﬁlnﬁ[ ?ﬂzo vm'?fl , at this
poi nt, be | ocaSeINEAcERiARE i UAH IR SRIAHY eel wﬁﬁkéhe ayjemy, therseqieencgs anay
station 15, aspgirbluseliififothebdediphatedRllss Adt F@ul) BdtdibelseqhibfcesahBt Base

station 1510 in use may be re-allocated to other cells, the number of subscriber units

that can transmit during a given time slot is advantageously increased.

It may be appreciated by now that there has been provided a CDMA
messaging system in which inbound subscriber throughput may be
dynamically altered, depending upon system traffic, to increase or decrease

15 the time in which a given amount of data can be transmitted by the
subscriber units. Additionally, the CDMA system does not experience the
near-far problem present in conventional CDMA systems and, as a result,
provides for an increased number of users within the system.
Furthermore, the CDMA system in accordance with the preferred

20 embodiment of the present invention, unlike conventional CDMA
systems, utilizes relatively simple subscriber units that do not include
complex additional circuitry.
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After detection, at step 330, of the sinulcast sync word, the CPU 235 20
recei ves the Si rrul cast transm ssion. During this transm ssion, the CPU 235

recefives a eterm nes, at step 336, whether an address

associ atﬁds% the subscriber unit 20 is present. If the address

associ ate !aeaﬂrl ber unit 20 is detected, at step 336, indicating
that a rre subscrlber unit 20 wll be transmtted t he LACK
seed, tap and regi ster orded9information are retrieved

from RAM 240 and pr OVI ed at step 340, to the PN sequence generator 265
(FIG 13). The PN sequence generator 265 thergpliker generates and provides
a PN sequence . to the m croconputer 225 through the 1/0 bus 230 for
reception, at step 345, by the CPU 235. The CPU 235 transfers, at step, 350,
the PN 30 sequencelLtd ¢éiﬁrzilrcwﬂﬁfbllefr€(n0)2£b5 dskighing 8dedmdogfpresiages, at step

352, a "transmt" signal to a et e. swh,tch 205 and enabl e the :
transm ssion of a spre%gleéﬁggﬁw %rd%oglin&n est"-S‘?‘ the base station 15 duri ng
t_ R(GZK apprgprﬁat edlg gs a data poot (118)3&%&'@35¢%Q¢tmgtgmd semﬁvnmgahrfdnnahog, thé
seed provided by S
35 the LACK as indi caél ngpﬁﬂg Iﬁé%;g gﬂggc?lf% d u%ﬁ? %) Qlé@tﬁ%?éé
coverage area oPortHd1Pafpsal %ap@gtbsseedsmamd@ap@éw tthemipfagain

obt ai ns, at steﬁaggﬁméyaﬁar@eé@galgyntﬂgdg} plq@e station 15 during the
sequentlal transm ssion to receive rmessage acknow edgment (MACK) seeds

transmtted in a MACK field by
10 2. The central controller (10) in accordance with claim 1, wherein the

processing means (108) tags each of the seeds as assigned or unassigned in
-the memory (125) in accordance with the information transmitted and
received by the data port (110).

15 3. The central controller (10) in accordance with claim 2, wherein the
processing means (108) provides a seed that is tagged as unassigned to the
data port (110) for subsequent transmission therefrom and tags the seed as
assigned in response thereto.

20 4. The central controller (10) in accordance with claim 3, wherein the
processing means (108) comprises means for determining whether an
assigned seed is available for transmission from the data port (110).

5. The central controller (10) in accordance with claim 2, further
25 comprising a telephone interface (105) coupled to the processing means
(108) for receiving selective call messages, wherein the processing means
(108) allocates the seeds in response to reception of the selective call
messages.

30 6. The central controller (10) in accordance with claim 5, further
comprising a message buffer (112) coupled to the telephone interface (105)
for temporarily storing the selective call messages received by the
telephone interface (105).

35 7. The central controller (10) in accordance with claim 6, wherein the

processing means (108) provides a number of available seeds to the data
AT _



the base station 15. Wen the CPU 235 detects, at step 360, the address 5
corresponding to the subscriber unit 20, the two MACK seeds follow ng the
addr ess ar'ﬂnss}eeteﬁ BeeﬁR ae@l 365, in the RAM 240. It nmay be appreciated by
one skill ed vvever that, in alternate enbodi ments of the

pr esent |nv | ess than two MACK seeds may be provided to the
subscri ber un| ereafter the CPU 235 waits for reception of the 10
nmessage field in whi ch t he nessage i s prefeg’;tbl y located. The CPU 235,

foll owi ng detection, at step 370, of the subscriber unit address,

det er m nes, at st 375, the condition of nmessage., The ndition of the
nessage, e.g.P c@gmémﬂlhﬁeqﬁﬁﬁﬁé’?ﬁtsgb‘lsém"w&f B% Hgt%??ﬁeﬁégﬁ er o

per f or mance oivaﬁhibéé seed iy priidrtionhdb te the eumbeyoof tHuneleszescd&hmﬂssag;esone

skilled in th gp@ls determ ned, at step 375, to be
acceptabl e, i (E:)llrleeg‘! geproc ? )as described in FIG 13.

Addi tionally, the CPU 235 selects, at step 385, a first of the two MACK
seeds thatgis recsagtrhé%énbaétfctaﬁm? %P{r{ 88cokdade With eetmrm whatelﬁhﬁe

nmessage i s accep g?nve se he 20 nessage, i pt abl e, the
CPU 235 sel echumbe taéfaﬂg isew RAORE SEAROTH LS AUE EREB, 1 or

I nst ance, thatagt?bdm Bpaedsitothedmeendrg- (126pnsm tted by the base station
15. The sel ect MACK seed, ‘along with the register order information and
the tap information, is provided, at step 395 to the PN sequence generator
265 (FIG 13), wH.c A cmmxenoﬁeysme(mem fmrptm@mgdem-waﬁy step 400, a

PN sequengge tg %rﬁ%rﬁ8§5thég fxﬁﬁ{lﬁﬂ:%‘%l %&%&(Fﬁ lgpéérﬁﬁ nsm ts, at

step 405, the uence e transmt erat 23S an
appropriate spr ead S $taﬁpmﬁ<5)sfcgntxansmh@nma<dur§cwmsm privgtiop; apd

subscriber unit 20 wi@gntral controller (10) coupled to and controlling the base
stations (15), the central controller (10) selectively assigning seeds to each

of the base stations (15) in accordance with the information transmitted
15 and received by the base stations (15).

10. The communication system (FIG. 1) in accordance with claim 9,
~ wherein:
the information transmitted by the base stations (15) includes at
20 least one seed request transmitted by at least one base station (15) to the
central controller (10); and .
the central controller (10), in response thereto, determines which
of the seeds are available seeds and provides to the at least one base station
(15) a subset of the available seeds.
25
11. The communication system (FIG. 1) in accordance with claim 10,
further comprising at least one portable transceiver (20) for transmitting a
communication initiation signal to the at least one base station (15),
wherein the at least one base station (15) transmits the subset of the
30 available seeds to the at least one portable transceiver (20) in response to
reception of the communication initiation signal.

12. The communication system (FIG. 1) in accordance with claim 11,
wherein: '

_

Ay



t he CPU 235 enabl es, at step—4%0, transmission fromthe antenna 200 (FI G
30 13) at a. tHafBees s(gbsequent to the final closer transmtted by
t he base stati conpl etion of the nessage field. It nay be
appreciated th "’l’# Mﬁ rre slot may vary with variations in the

bandw dt h and pr oces of the signal, as described above. Upon _
reception of the MACK, the base station 15 is able to 35 determ ne whet her
or not the nmessage was received in acceptaghple condition by decoding the PN
sequence to determ ne which of the two 27 provided MACK seeds was

utilized for generagi Oc%n{?{]al cgﬂtﬁﬁe??ﬂﬁ(/en?esg fns?ﬁ gpélggr}?‘g a}‘g‘h%h t he

preferred embodi nen resen se S
det er ni nes toR& basrestationdde) W&@l thezabspt abthe availableiseasiss tags eaeh ofubecr i ber

unit 20 is rgj@gggf e gvgggglg%@&isﬂgﬁglaymablgoaﬂ@e 5 central controtler 10

(FIG 1). Preferab e central control]ler store ssage unti |

t he subscriber uni tt¥‘261 Hé%‘;t(ﬂﬂ?eb"}?ﬁrséa’fl?%r@;sr 4 %SE%%P@Qquggwé’émsﬂ@tl on

15 i ncl uded swibiski of absilable seeds3 15y fdrgger iMlise d3f 4 Portdble trAns&aeer (YBY be

provided to ‘%@R}C{gﬁrfﬁﬁ‘%ﬁ tatlon 15 for re-tra S|on to.the.sulscri ber
ri

unit 20. 10 ¢ RISy Stgm AU A Fig té’s t he
communi cat i dhequ?rltltaétcootrodipm(m)l indicsftinghthatithe cseedrpﬂherloﬁgér Fuse, ih3)

i ncl uded wi tr’%‘s][BoME‘toSW?ﬁ&{ kRS FertRhit ¢ &Rﬁoﬂé} (aorel aea%ese)eaagémas ferred

enbodi nent of the present invention, scriber unit i'S a ‘e to
initiate

—

O O o
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comuni cation with and transmt inbound nmessages to the base stations 15
15. Communi cation may be initiated, for exanple, either in response to user
mani pul ati on of the controls 290 (FIG 13) or automatically, such as at a
particular time of the day. As described in the system description, the
subscriber unit 20 receives and stores fixed information, such as the
register order 20 information, tap infornat%fn, and LACK and INIT seeds,
provi ded by the base station 15 having the stTongest signal strength during
t he sequential transm ssion. Thereafter, when conmmunication with the base

station 15 is to be i GAPBINYISION ML HBEE ACCESSdSOMA) INBOYM,

regi ster order infor mejfEEsAGING SPSTENMOUTRLIZING RETUSKEORAM NCES
transfer, at step 25 420 to the PN sequence generator 265 (FI'G 13). In
response thereto, the PN sequence generator 265 generates a nmaxinmal |ength
PN sequence, which is provided, at step 423bstract he CPU 235. The CPU 235
thereafter ovi des, at step 430, the PN sequence to the transmtter 215
for encodi n?i nto a spread spectrumsignal, i.e., an INIT signal, that is
transmtted when 30A comemORiratim gestemaforspravidingpvadsay gotmmunination
signal directi ' I ; ' i

ant enna 205 dup%]ﬁlﬁtﬁlsﬁéé\% o?t%ggn%%l escrhbe yé?@ﬁ%@]yééﬁggﬁ'ﬁ%ﬁmw
recei ves the coﬁ‘iﬁgﬁi‘”@&‘ﬁ conirpllen, ]igr?"(‘ drio @%ﬁaﬂﬁa ing the basestatigns val ue

correspondi ng t@5).i Theefitrak cortroler(10) sukisrdy assipits seedsOlo daehtsfaherbasei on
of the I NI T DATA J.iel g 55 i ncI(Fded vvltbhti# itﬁ?e Vatlil abl e i n&or mat(i]on .tf(lﬁ
base stati 155tBHARR ALY AnAccordance with the, inforoghion, trabsmiged and, feceiyed o
centr al by the base stations (15).

FIG. 1 accompanies this abstract.
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28 controller 10 of the nunmber of received INIT signals, in response to
which the central controller 10 prefecrably. provides the base station 15
with avail abl e seeds, referred toas INIT DAYA seeds. These | NI T DATA seeds
are transmtted by the base station 15 during the INIT DATA field. 5

After transm ssion of the INIT signal, the CPU 235 obtains, at step 440,
synchroni zation with the base station 15 during sequential transm ssion.
When, at step 445, a tinme value corresponding to time slot x is transmtted
by the base station 15 and detected by the CPU 235, the INIT DATA seeds
following the tinme value are stored, at step 450, in the RAM 10 240. It
may be appreciated by one skilled in the. ay/ g however, that the possibility
exists that the CPU 235 will be unable to o ?aln synchroni zation with the
base station 15 to receive the I NIT DATA seeds, such.as when the subscri ber
unit 20 has been relocated out of range of the base station 15. It may
therefore be necessary, in sone circuymws Qr the CPU 235 to 15
resume the operation described in p ‘ i

appropriate INIT seed for initia gl ) i ‘
station 15. As described above, /the central ¢ 10 assigns all of
L&IUWas@E@t e available INIT
Vequal shrikution anong any
p g e been pdcei ved. Therefore,

the avail able I NI T DATA seeds,
DATA 20 seeds, to the base st/a
subscri ber units 20T ‘
t he number of
subscri ber uniz

STATION

CENTRAL
CONTROLLER

INPUT
DEVICE




transmts a closer after assignnent of the INIT DATA seeds to each 25
subscri ber unit 20. This closer is received, at step 455, by the CPU 235
and is recognized as indicating that transm ssion of the INIT DATA seeds to
the subscriber unit 20 is conplete. Thereafter, the subscriber unit 20
preferably begins the process of transmtting an i nbound nessage to the
base station 15. The inbound_SO-Zﬁﬁésage may, for exanple, include a set of
predet er mi ned nessages stored in code nenory 285 (FIG 13) and which the
user selects by manipulation of the controls 290. Additionally, if the
controls 290 include a sufficient range of input keys, as an

al phanuneric keyboard, the user nmay generate data incljudeghy} n an i nbound
nmessage by typing characters on the 35 keyboard. Pref y, the
predet er mi ned nessages or the user-generated 29 dajp=t & fFonvert €@Nto
binary data, in a manner well known to one skilled injfhe att, which,is
represented by the I NIT DATA seeds. After storage of T DATAcggeds,
the CPU 235 retrieves fromthe RAM 240 and provi des, 460, taythe PN
sequence generator 265 5 register order information, or mat i and a

representative of binary data in Wi thin an inb nmegsage.

Thereafter, the PN sequence genemlat or P65 provi des, 465, a PN
sequence to the CPU 235 for tranff efenke, at step 470, %9(516 t r ops-t er
215. After the switc as S <L -
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10 coupled, at step 475, the transmtter 215 to the antenna 205, a spread

spectrumsignal, i.e., a signal spread across the allocated bandw dth by
the PN sequence, is transmtted to the base station 15 fromthe subscri ber
unit 20 in a time slot having a duration of the synbol time slot, , e.g., a

10 ms time slot. If the inbound nessage, including an end-of-nmessage word,
is 15 not conplete, at step 480, the CPU2AH again selects, at step 460,
an appropriate NI T DATA seed and the gener ati on_are—tTansm ssion S PN
sequences is repeated until all bitg] qf Jat Iﬁd d 1 nft i nbound-
nmessage have been transmitted to th hnsg stptkop 19 dAs|ddscrib above,
when the spread spectrumsignals tr ' % subicr | besguni t 20
are centered about a single freque L Lhat be
transmtted during a single synbol ferably given
by the equation N err]= log[err]L, O | NI T DATA seeds

d

i

transmtted to the subscriber unit .gger ayq thelnynber of INIT
DATA seeds provided to the subscrifb ugipt reasé, 2 the tine in
whi ch an i nbound nessage is transm Icﬁ ecrede Hy q\va I exanpl e,
consider a situation in which an mesk&ge|to Jbet t}afsnmitted to the
base station 15 conprises the bi a‘Fﬁ stfring|"1]0 1 L 100100 0".
If eight INIT DATA seeds are assi oJth rifoer pngt 20, the INIT
DATA seeds could represent the f ng|3- it b'wa'y?nurrbers: seed 1
000- seed 5. sgad 1| + s seed
6 101 seed 3 010 S e@? Cz>llD 5 seed 4

011 seed 8

NO TX 617

I///L
[7 NO TX
>id t1_>l4——t2—>|7 4 N—'tk—N‘—tk.n—}l/ / |

7
= W = X
59 IE:
X
g2 2
23 >
=2 !
@ < 0 o
1ed
(o]
=) =
b <
=10
<9 N .
gg’) \\I\\\NI\
=
29 NG
i < ¢
N1 o ﬁ -
| N o o
P =

1

FIG. 3

NO TX
NO TX

SYNC

NO TX

NO TX
1:O

SIMULCAST | ADDRESS | ADDRESS

|

FIG. 5



30 Seed 6 (101), which is representative of the first three bits of data in
t he i nbound nmessage, could be utilized to generate a first PN sequence that
could be transmitted in a single synbol tinme. Simlarly, seed 8 (111), seed
"2 (001), and seed 1 (000) could be used to next generate sequentially 5
transmtted PN sequences, each of which would take a synbol tine to
transmt. As a result, the entire i nbound nessage could be transmtted in
four synbol times, which, in accordance with the preferred enbodi nent of
the present invention, is approximtely equal to 40 nms. |f the subscriber

unit 20 is assigned only four INIT seeds, 10 howevefl)Nt he 9@ ansni ssi on
time of the sane i nbound nessage requires a significantl +onger.tine. The
four NI T DATA seeds could, for instance, represent the Io 2-bit

bi nary nunbers: seed 1 00 15 Sedwy2 01
seed 3 10 seed 4 11 In this case, the sane |nbouFE4nes e could be

sent by sequentially 20 wutilizing seed 3 (10), seed 4 (11), seed 4 (11),
seed 1 (00), seed 3 (10), and seed 1 (00) to gen uprreesy f or

transm ssion to the base station 15. As can be efsKl y]deed, |t hpeX
transm ssion of the inbound nmessage in this case uIJ:I rﬁui rg g x| synbol
times, or 60 ns. It may be appreciated, therefor/¢,= = =
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that it is advantageous to assign as many | NI T DATA seeds as possible to 25
.each subscriber unit 20 from which an inbound nessage is to be transmtted.
As mentioned above, the inbound nessage transmtted by each subscriber unit
20 preferably includes an end-of -nmessage word, which is detected by the
base station 15 and recogni zed as indicating that the 30 transm ssion of

t he i nhbound nessage is conplete. In response to reception of the

end- of - message word from a subscri ber %aEF t he base fon 15 inforns
the central controller 10 that the IN ATA seeds assi

subscriber unit 20 are no longer in use by the subscribgr @nift 20.
Thereafter, in accordance with the preferred enbodi ment{Joi3tHe 35 present
invention, the central controller 10 rfray. provide the | NJT®ATA seeds to

ot her base stations 15 as requested. Alternatively, if gr oups 31
are utilized, the INIT DATA seeds nmay be conveniently Ltvtlz

re-use cells within the nessagi ng system It nay be apgn gi tled t hat,
because the subscriber units 20 are able to receive thg Iyl JDATA seeds
over the air, they are conveniently able to 5 receive anqutllize a
varyi ng nunber of IN T DATA seeds to vary the rate at iZh data is
transmtted to a base station Therefore, the throuphput df the inbound
nmessages can be increased or Hesrd¢ased, dependi ng uponf dusterptraffic,
wi t hout including additional przmjre Ok
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conplex clocking circuitry within the subscriber unit 20. 10 Base Station
Description Referring next to FIG 17, a base station 15 in accordance with
‘the preferred enbodi nent of the present invention conprises a receivVving
antenna 500 for receiving a radio frequency (RF) signal and frequency 15
.conversion circuitry 510 coupled to the receiving antenna 500 for down-
iconverting the RF signal to baseband for processing in a manner to be

di scussed below. A transnmtting antenna S%iigs further included within the
base station 15 for transmtting RF signaP& which are generated by a
transm tter 515, to subscriber units 20 |ocated within the coverage area of
20 the base station 15. In accordance with the preferred enbodi nent of the
present invention, the frequency conversion cirguitry 510 provi des the base
band signal to an anal og-to-digital convg or sanpling the baseband
.signal, preferably one or nore tinmes per orma digital waveform
25 which is stored in a si N, TN 75 ital waveformis
thereafter processed, as wl a controller, such as
a digital signal processorg g e signal buffer
520 by an input/output (I DSP 525 by the
I /O bus 530 is a data por

: ‘ ol ler 10
(FIG 1). Preferably, as deg - P d ' ; ' he base
station 15 receives, prio - P ' ation (FI G
2), register order inforn .

10 DATA ENTRY
. TERMINAL
105 - 115
- I — 108 -
TELEPHONE SUBSCRIBER
DATABASE

INTERFACE
> SEED
DATABASE

112 111

FIG. 11
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PROCESSING
UNIT

MESSAGE
BUFFER



seeds (the LACK and INIT seeds), fromthe central controller 10 via the 35
data port 535. This fixed information is provided to a central processing
unit “(CPU) 540 included within the DSP 525. The CPU 540 thereafter 32
stores the fixed information in a random access nenory (RAM 545 coupled to
the CPU 540. According to the present invention, the CPU 540 al so receives
fromthe data port 535 and stores subscriber unit addresses, nessages

i ntended for reception by subscriber units 20 (FIG 1), and MACK 5 and

I NI'T DATA seeds provided by the central controller 10. In addition to the
‘RAM 545, the DSP 525 includes a read only nmemory (ROM 550, such as an
'EEPROM whi ch stores subroutines controlli ng7{ operation of the base
station 15. Further included in the DSP 525 is an oscillator 555 for

generating timng signals utilized in thg T0 operatnn of the DSP 525. A
555graRyr ovi§le a reference signal
and a counterf 565, internal to the

crystal 560 is coupled to the oscillator
DSP 525 and coupled to the oscillator 557 —  — e Pr ogr ammabl e tim ng

for establishing timng of the DSP 525,

functions which are utiliz¢ggd—TmTomTo T g tMOperatTom of —the PSP 525.
15 In accordance with the prefe F3o-dH=—A : he present
I nvention, a PN sequence gg¢nerator EQY BSP 525 By the I/ 0

‘bus 530. The CPU 540 provi¢les the r¢
seeds to the PN sequence gcanerﬁjoor

POBRInat fon, tapg, and
[ he possi|bl e

[ DETERMINE WHICH SEEDS
ARE UNASSIGNED

145

DETERMINE WHICH SEEDS ARE
ASSIGNED TO A CORRESPONDING
BASE STATION IN A DIFFERENT
RE-USE GROUP

150

I"DETERMINE NUMBER OF .
AVAILABLE SEEDS

SEND SEED
DENIAL TO

RETRIEVE SUBSET OF
AVAILABLE SEEDS FROM
SEED DATABASE

PROVIDE SUBSET OF
SEEDS TO DATA PORT

TAG EACH SEED TO INDICATE
THAT IT IS ASSIGNED

185

FIG. 12



PN sequences with which subscriber units 20 could transmt the spread 20
spectrum signals to the base station 15. The possible PN sequences coul d
all” be stored in the RAM 545, or, alternatively, because the seeds sinply
determ ne the starting point of a PN sequence, a single PN sequence could
be stored and thereafter shifted by the CPU 540 to generate other possible
PN sequences. These PN sequences are utilized by the DSP 525 to decode 25
recei ved spread spectrumsignals in a manner to be described below. It may
be appreciated by one skilled in the art that the size of the cells

i ncluded within the nessagi ng system may be such that the PN sequences
experience one or nore chip del ays. TheSWhiinunlchip delay, D, is
approximated by the fornula D= [err] where r is the radius of the 30

cell in neters, BWis the andwi dth of the spread spectrum RF signal, and c
is the speed of light (3 xN108 neters/ second). For exanple, if ghe radlus
of acell is 24 km a PN s&quence coul d experi ence one chip delaN from a
subscriber unit 20 to .
sequences utilized byfjthe DSP 525 to dec

i ncl ude not only PN sbquencesrgeneratﬁd

seqh
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5 alternatives is desirable, the cell size could easily be adjusted to
elimnate chip delays altogether, thereby providing for a | ess conplex, and
per haps physically snmaller, base station 15 which m ght have a snaller
coverage area. In accordance with the preferred enbodi nrent of the present
10 invention, the DSP 525 further includes power/frequency detection
circuitry 575 and cancellation circuitry 580 for decodi ng spread spectrum
signals, as nmay be better understood by rgpfsring to FIG 18. FIG 18 is an
el ectrical block diagramof the cancellation circuitry 580. The

cancel lation circuitry 580 conpriseg a first m xyr 600 for despreading a
signal included 15 wthin a digitpa RQWERIUR sgored in the signal buffer
520 (FIG 16). Preferably, the despkead signal i@ provid
power/frequency detection circuitry O, det er m nat | t hg peak
spectral power and center Jrequency of tHfgguespread signal.

cancel lation circuitry 580|f @#fbhe o SER e Pgndpass
to the first mxer 600 for}20 m_,;go‘!% si gnal s
101 €(] lOL.LH‘

ormcarrier

estimates and a second m xger 610 co = andpass filter 605 for
respreading filtered signals. Addi p+eratd, an adder 615 is _irAg2mded within
the cancellation circuitryf{580 for Dt raWing respread sigha om | he

di gital waveform stored infthe sighpOBTANSYNZO] THRECHME FEXEDRAINFORcess
may be better understood by 25 reffrWHKHBASH . 19 a8TART WOBD 19 and
20 are flowcharts depicting theNG ST o S S, T ——— DSP
525 (FIG 17) in accordancg330 ke pr@1&8rred enbodi nent ofwghe present

i nvention. At_the beginnin of Ui ne slot,

time slo e.g., 10
the CPU 540 dets, at step 760 ' 335

al ue, q,

YES SIMULCAST SIGNAL STRENGTH >
SYNC? ‘ PREVIOUSLY
NO RECEIVED SIGNAL

NO

DETECT
ADDRESS?

STRENGTH?

<

322 \ YES

| STORE SIGNAL
STRENGTH

336

YES

340
\

PROVIDE LACK SEED,

REG. ORDER INFO., TAP
INFO TO PN SEQUENCE
GENERATOR

STORE FIXED INFO

325

RECEIVE PN SEQUENCE
FROM PN SEQUENCE
GENERATOR

DETECT ADDRESS
IN MACK FIELD?

_—350
PROVIDE PN SEQUENCE
TO TRANSMITTER

FIG. 14

' . - OBTAIN SYNC WITH BASE
GENERA;ENTA'iANSM'T DURING SEQUENTIAL
' TRANSMISSION
352
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30 equal to one (1), i.e., g = 1. Additionally, at step 702, the CPU 540
stores in the RAM 545 an initial power value, which is set to zero, and an
initial frequency value, which is set to the center frequency of the
bandwi dth, i.e., PO = 0 and FO = Fc. The CPU then, at steps 705 and 710,
retrieves the digital waveformfromthe signal buffer 520 (FIG 17) and a
qth PN sequence from 35 the RAM 545. The digital waveformand the qth PN
sequence are thereafter, at step 715, Qr $'| ded to the first mxer (FIG
18), which, at step 34 720, despreads the signal by nultiplying the
digital waveform by the gqth PN sequence. Preferably, the despread signal is
provi ded, at step 725, t6 the -omer/freq -tection circuitry 575 for
determ nation, at step f30,, of ¥ he peak power, Pg, and center
frequency, Fq, of the d sp/@ad S av tep 730, the peak
spectral power is deter @the inifNg power val ue
stored in the RAM 545, theweru 540 sets, a ep 735, the power value to

t he peak spectral _pover ang the initial frequency he center
frequency of thg—eespre e Po = Pg~dnd FO a |t|onaIIy,
at step 740, the Clg:r@ngm;\qxsgggsh PNL_§0) se@EFE@TlADD &SN for
|l ater identificdtion. Subseuentl t hE CPU Q. ddNeMESSAGEat D 745,

whet her the value g I's % e nunber N_of DPwesiAEED? Juences with
whi ch subscriber units coul d have transmi $4@dsi gMe As descri bed
above, depending upon the size of the cells included wijfyg the messaging

390 — 375
SELECT SECOND NO
MACK SEED'
380 ~ YES
STORE AND PROCESS

MESSAGE

SELECT FIRST MACK
395 < SEED
_\ v
PROVIDE SELECTED MACK 385

SEED, REG. ORDER INFO.,
TAP INFO TO PN
SEQUENCE GENERATOR

RECEIVE PN SEQUENCE
FROM PN SEQUENCE
GENERATOR

[[PROVIDE PN SEQUENCE TO
TRANSMITTER

GENERATE “TRANSMIT"
SIGNAL AT 10 MS TIME SLOT
AFTER FINAL CLOSER

410



15 system the possible PN segquences m ght include shifted PN sequences or
a shifted digital waveformto account for different chip delays. As shown,
this step (step 745) is also performed when, at step 730, the peak spectral
power of the despread signal is less than the initial power value set in
the counter 565 (FIG 17). If, at step 745, q [err] N, the value q is

I ncrenmented, at 20 step 750, in the counter 565. Thereafter, at step 710,
a next gth PN sequence is retrieved fromthe RAM 545 and provi ded, at step
715, to the first m xer 600. The,despreadhig,épomer detection, and
frequency detection processes described 1 J ps 710 through 750 are
repeated by the DSP 525 until the value q is equal to the nunber of
possi bl e PN sequences (q = N), signifying 25 that t he peak spectral power
and center frequency of all despreg0 P \ e determ ned. At this
poi nt, the PN sequence associ ated Ei gnal having the
greatest spectral power is tagged IS t he power and
frequency val ues of t he despread signal
are stored in the 45 30
equal the nunber of
755, a threshol dppey
di gital wavef or
despread signa
the CPU 540 prefp
sl ot and again by
for sone expected S|gnals

PROVIDE PN SEQUENCE
TO TRANSMITTER

{he CPU 540 conﬁpte?r’éﬁmktep
oy Of f - [ree—sTTeTeT =t
e Ppeak {pect v

| nORDEBJ

(7)]

GENERATE "TRANSMIT"
SIGNAL AT TIME SLOT X
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440
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™

35 INIT DATA signals, the CPU 540 may continue to attenpt to decode the
signal by referring to the peak powers, although the |ow power |evel of the
signal may result in inaccurate recovery of data. \Wen, at step 760, the
peak spectral power of the despread signal is 5 determned to be greater
than the threshold power value, the CPU 540 deternines, at step 770, that

t he despread signal has been received correctly and is to be processed
further. By way of exanple, if the peak spectral power of the despread
signal is greater than the threshol d power ié? t he CPU 540 coul d
determ ne the type and, if applicable, the J@ ng of 10 the PN sequence
utilized to despread the signal. The PN sequence m ght, for instance,
correspond to a first MACK seed that was utilized by a subscriber unit 20
to indicate that a nessagef™™ n, the
base station 15 m ght noti

controllér 10 tha
O

\Iternat
case th
RAM 545
brigdescr

fromthe central controlle
t he PN sequence could corr
preferably stores the ti
processi ng as described in
20 According to the
provi ded to a bandpass fil
t he despread signal to for .
thereafter m xed by the s¢g ' : ’ zed to
despread the signal, resul $F 10
step 785, from
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25 the digital waveformstored in the signal buffer 520. The resulting

nodi fied waveform i.e., the digital waveform m nus the respread signal

répl aces the digital waveformin the signal buffer 520. Additionally, the
CPU 540 renoves, at step 795, the PN sequence fromthe |list of possible PN
sequences stored in the RAM 545. The cancell ation process as described is
30 continued either until no further possible PN sequences remain, at step
800, or until the peak spectral power of the strongest despread signal is

| ess than the threshold power value, at step 760. In this manner, the base
station 15 is conveniently able to decode all signals received from
subscriber units 20 within the coverage area of the 35 base station 15.
Furthernmore, because the despread si gh#I$§ are renoved fromthe digital
waveformin an order determ ned by their peak spectral 36 power, i.e.,
strongest signals first, weaker signals, which nmay have been swanped out by
the stronger signals, are nore easi ase station 15.
Therefore, the base station 15 in cordance with the greferred enbodi nent
of the present invention advanta y alleviates the|5 "near-far"™ problem
present in many conventi onal nication systeng, in which weaker
signal s can be indistinguiskabl e yst em fhoi se. I nlaccordance with the
preferred enbodi nent of theSprese nvention} the basg station 15

determ nes a strongest signw, IS

CARRIER
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10 subtracted fromthe digital waveform subsequent to which the entire
process is repeated to determ ne a next strongest signal for subtraction.
This process is continued repeatedly, as described above, until the base
station 15 has received all signals present in the digital waveform
Because the strongest signal is renoved in each repetition of the 15
cancel l ati on process, this nethod ensures that each signal is received as
accurately as possible. However, alternate enbodi nents of the present

i nvention are envisioned in mhlch the canggffkation process is perforned
more efficiently, although not necessarily nore accurately. In one such

al ternat e enbodi nentf, 15 mght 20 identify, rather than a
singl e strongest si naICAMCELQMl@N silrong signals, subsequent to which the
, the bzge2 -sgation 15 could identify
ong 5|gnqls for subtraction. As\in the nethod descrlbed

inue until all_ FICPIISTORES I
woul d redude 22 the nur’rt]gng

above, the pr
base station \
repetitions new preferred & _ i SlGeniiis
efficient, the_cancellationadroc ?0n dccor dance W|th t@e alternate
enbodi ment nmay| be nore i nacCya ?/s an tlhat d

i n which stronger sijgnal $P@SETHUS |

are renoved one by {ne TER Ngi n@ system
in accordance With t @ i theS!ﬁHAérBUFﬁEBwt i 0

provides for- to-way communication betvve fi X0 s e aneeor t abl e
subscri ber unigs incl uded/wrtﬂﬁ t he systg% Pr eferabl y, |a central
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35 controller coupled to each of the base stations controls the base
stailons 37 and all ocates seeds to the base stations for subsequent
trahsnission to the subscriber units. This seed allocation is performed in
two different ways. In accordance with the "acknow edge-back"” capability of
the system the base stations are each assigned uni que seeds for

transm ssion to the 5 subscriber units. Thereafter, each subscriber unit
utilizes the seeds provided by one of the base stations to generate PN
sequences -for transmi ssion to the base station as spread spectrum signal s.
The base station receives and decodes spd&AlS spectrumsignals transmitted
during each tine slot to recover the PN sequences included therein. Through
use 10 of an interference cancell g Nechni que, the base station is
conveniently able to detect each g sequences whi ch were generated
usi ng the seeds previously transm byt he base station. Unlike
conventional base stations, the badg stgyfon according to the present

i nvention, prior to decoding each siJW® to recover a PN sequence, 15
determ nes the signal strength of eacy S|gnal WY& gnal s are thereafter
decoded in an order v q.--: ret-—Teg ef ore, because the
strongest signals argq ca i trug signal first,
weaker signals, whic mghﬁENERMEQBé/CU E@ﬁﬁ%nvent onal systens, are
easily detected by t eSE@bJEﬂ‘dGElcpISA/BE@EI\éEDISIGNAle lear-far problemis
20 alleviated and a ™ are able to

BPF FILTERS
DESPREAD SIGNAL
AT Fq

2ND MIXER MULTIPLIES FILTERED
SIGNAL WITH PN SEQUENCE q TO
RESPREAD SIGNAL

ADDER SUBTRACTS RESPREAD
SIGNAL FROM DIGITAL WAVEFORM TO
GENERATE MODIFIED WAVEFORM

MODIFIED WAVEFORM
- REPLACES DIGITAL
WAVEFORM IN SIGNAL BUFFE 790

REMOVE PN SEQUENCE FROM §
LIST OF POSSIBLE PN
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POSSIBLE PN
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REMAINING?
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sivnil tanegus|y transmit to the base station. It may be appreciated, qwoote#
furthernore, ‘tthat it is not necessary for the subscriber units to include
conplLex power control circuitry for inplenentation of the above described
met hod. 25 In accordance with the "inbound nessagi ng" aspect of the
system the base stations are allocated seeds dependi ng upon system
traffic. If, for exanple, a base station receijves a |arge nunber pghogosty
comuni cation initiation signals from subscriber units, the nunber of seeds

provi ded to the subscrib [ ' i I of
comuni cation 30 initi aﬁpﬁ?@ﬁ@i@@@ﬁéﬁ%@%@z@ﬁﬁg
Therefore, . the nunber oMESSAGINGS?YSEEM: UTALEAING REEISE.0F SRQUENCESt h

t he nunber of subscriber units requesting comrunication initiation seeds.
As a result, the throughput of the subscriber units is advantageously
varied to allow an individual subscriber unit to send data nore quickly
during tine geriods 35 when systemtraffic is light. Alternatively, when
systemtraffic is heavy, a |l arger nunbgécgf sub ribﬁr@ units are able to
communi cate, but the data 38 requi rE€ld of VERHED: or transmi ssi on.
Furthernore, this alteration of systemthroughput does not require the use

of conpl ex clockin I ' Lihkn £h i | I t he
case i convent i onailinpveislo prdldh i GertdtaRih Bt diplslon fliciliales, o
i n accordance wi({(IPMAe pessaging dystems, and more specifically to a CDMA inbound

10 messaging system in which fixed base stations are grouped into re-use

groups.

Background of the Invention
15 s
Many conventional messaging systems include portable radio
communication devices carried by subscribers and at least one fixed base
station for transmittihg messages to the radio communication devices for
subsequent presentation to the subscribers. In some of these systems, one
20 or more of the radio communication devices may be transceivers capable
of transmitting signals as well as receiving messages from the base station.
These systems are described as two-way messaging systems.
In two-way messaging systems, a portable transceiver can signal a base
station for a number of reasons. By way of example, the portable
25 transceiver could transmit a signal to the base station to deliver a message,
to acknowledge reception of a message, or to indicate to the base station
that the portable transceiver is located within the coverage area of the base
station. :

REPLACEMENT SHEETS SG
o Description : paged .12. to paged .=..
# Claim(s) : paged . to paged 4.
| [ Drawing(s) : paged ..... to paged......
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enbodi nent. of the present invention conveniently provides for the re- use
of sequences within the system Therefore, when a nunber of sequences are
in use in certain cells within the system the sequences nmay be re-used in
ot her designated cells. As a result, because sequences that are 10 in use
may be re-allocated to other cells, the nunber of subscriber unb&s h can
transmt during a given tine slot is advantageously I ncreased Qégﬁ
appreci ated by now that there has been provided a CDVA nessagi ng systen1|n

whi ch i nbound duafficy ohdhetihboumyh charmely Additjoratly; it isytypicmhyenlecedmyrm ng
on systemtr

;ﬁount yof dat aq%:‘g e @Pg%%{nﬁ?&@r an%ﬁe subsdri IB%?\ %L\ﬁﬂ e [ t | ona I ven

the CDMA syst efhwlkEsimthe Bs!vebleemesqeh‘éerﬁéarensare thasalbat the rapsmitied

conventi onal &d’§ éﬁfﬁuﬁrﬁ ﬂﬁa@eﬂé@éﬁbleb&%é%ﬁﬁeé&hoﬁn ' an eased
nunber of u ers w

accordance With t héﬁiﬂ’% %"a}arté%St e?%Furm&ﬂgrsa{Ft%ﬁ‘%ﬂ% ﬁ‘FP‘BfPr

unl i ke ﬁonvgntl ﬂerﬁ%lexedmm,g flexibilitgsin theahundley ofi shmludtamiebaslyi ber

uni'ts that do n

met hod for assﬁﬁ?ﬁ'ﬁfﬁﬁbg'g ﬁ?%mset%%%g{i}e\’& M %1 gh 885@’ ﬁs%ﬁ&)’e’fs

communi cati on d9s tusmmrthblﬁlDN;bA lsgstens shoulshsot requirerthmadditiongoficerplex

portabl e trans %rg hg'bﬂﬁ BFPH&HJ i on system the commrunication
udi ng nt ra

system f urt her I nc control’l'er

Summary of the Invention

1. A method for assigning seeds in a code division multiple access
15 (CDMA) communication system including base stations for '
communicating with portable transceivers within the communication
system, the communication system further including a central controller
for controlling the operation of the base station and for assigning the
seeds, the method including the steps of:
20 (a) the central controller determining which of the seeds are
' available seeds; and
(b) the central controller asslgmng a subset of the available seeds
to a first one of the base stations.

- L Brief Description of the Drawings

FIG. 1 is an illustration of a messaging system in accordance with a
preferred embodiment of the present invention.

30 FIGs. 2-9 are timing diagrams depicting the signal protocol of the
messaging system of FIG. 1 in accordance with the preferred embodiment
of the present invention.

FIG. 10 is a diagram illustrating an arrangement of re-use groups
utilized by the messaging system of FIG. 1 in accordance with the preferred

35 embodiment of the present invention.
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for controlling the operation of the base station and for assigning the

seeds, the\rre%hw%t he steps of: 10 (a) the central
control | er erm ni ng. of the seeds are avail able seeds; and (b) the
central ﬂ ﬂm g a subset of the available seeds to a first one
of the bas ﬂ Ey!f 2. The nmethod in accordance with claim 1,
further corrprlsﬁhg"[he skep of: (c) the firstagne of the base stations,
prior to step (a), transmtting a seed request  to the central controller.
20 3. The nmethod in accordance with claim1, further conprising the
step of: (d) the first one of the base stations, in response to step (b),
transmtting the subset of the avail able se€lAlMSone or nore portable
transceivers located within a coverage area associated with the first one
of 25 the base stations. 40 4. The nethod in accordance with claim 2,

wherei n the base st dtidnmethod forasgigningseeds il acade division multiple;necess and
step (&) conpri SEDMN) Srfifufilicaticn sf é’c@npfr[tllﬁ& thBéHé&hhshs%f erm ning

whi ch of the seeds are . b ” unassl gneq .seeds_th are currently unassj gned
to any of the b&oBRumicating with portable transceivers within the communication

system, the communication system further including a central controller
for controlling the operation of the base station and for assigning the seeds,
the method including the steps of: :
10 (a) the central controller determining which of the seeds are
available seeds; and
(b) the central controller assigning a subset of the available seeds
to a first one of the base stations.

15 2. The method in accordance with claim 1, further comprising the
. step of:
' (c) the first one of the base stations, prior to step (a), transmitting
a seed request to the central controller.

20 3. The method in accordance with claim 1, further comprising the
step of: '

(d) the first one of the base stations, in response to step (b),
transmitting the subset of the available seeds to one or more portable
transceivers located within a coverage area associated Wlth the first one of

25 the base stations.
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(f) the central

controll er determ ning which of the seeds are assigned

'seeds t hat—are—eur+rentty—assi-gned to a second one of the base stations

ncl uded |n are-

use rou different than that of the first one of the base

statlons m I !ﬂg) the central controller deternining that the
unassigned I gned seeds that are currently assigned to the

second one of

accor dance mnth
central control
avai |l abl e seeds

ase stations are avail abl gseeds 5. The nmethod in
clalml further conprising the 15 step of: (h) the

ae el FisEfed i3 oRSRianct ol RRbiBRR WheRtlR Gk e skfims

further conpri siang gromep@dintost phaalify of ré-uségréupssand stepofa) chmprises the step

stati ons, when
| onger in use, t
that the seed is

code division nu

fseed I ncl uded in the subset of the avail able seeds is no
ransmtting a S|gnal to the central controller indicating
no | ofg)ethe central confgolier) eﬂqmemmwhl@b f the seads ang

response to sgte I%r(abélﬁnéé%éaﬂ thdteare WRdrently uAss hfy of thé\bHES Sations)! 2
g%gggiqr

central controll

eb%%tehypat EwE ¢ SSErp haF

t
erI pf OI(SCE@?SS

control | er havi agsign ddtsae@@fhatfa@é cutrensly dssighed3o asanﬂdrmoﬂtlfegaase

I nformation sign
i ncl udi ng the st

Eahﬂiorz?f il B b ey S 5 S Biiorel A ome of,

data port; and the basegiatignsj andhe nmenory, one or nore seeds as avail abl e

or 10

(g) the central controller determining that the unassigned seeds

and the assigned seeds that are currently assigned to the second one of the
base stations are available seeds.

5. The method in accordance with claim 1, further comprising the

15  step of:

.(h) the central controller, subsequent to step (b), tagging the

subset of the available seeds as unavailable.

6. The method in accordance with claim 5, further comprising the

20 stepsof:

(i) the first one of the base stations, when a seed included in the

subset of the available seeds is no longer in use, transmitting a signal to
the central controller indicating that the seed is no longer in use; and

(j) the central controller, in response to step (i), tagging the seed

25 as available._

7. A method, in a code division multiple access (CDMA)

communication system including a central controller, for assigning seeds
to base stations, the central controller having a data port for transmitting

30 and receiving information signals and a memory for storing the seeds, the
method including the steps of:

(a) receiving a first information signal via the data port; and
(b) tagging, in the memory, one or more seeds as available or

unavailable in accordance with the first information signal.

35
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. unavai I abl e Mhe first information signal. 35 41 8.

"The:nethod in accor l'aim 7, further conprising the steps of: (c)
transmtting a m on signal, wherein the second information
L

si gnal include orse Seed that is tagged as available; 5 and (d)
tagging, in the” nenDry, the at | east one seed as unavailable. 9. A code
division nultiple access (CDVA) communi catiomjsystem having a central
controller for assigning seeds to base stations controlled 10 t her eby, and

i ncl udi ng: nenory a a ¢ i ng
and receiving infor t %ﬁ{eéﬁégﬁhgxg:gé aﬁ%g%g%% 3 lgﬁg{ ¥ (1'( lpﬁgﬁﬁm‘%’eans
and the data posteps®f: al | ocating the seeds in accordance with the

nformation 15 transiy ‘%f&xﬁ&ﬁfﬂiﬁ‘%%‘ SeRBniinfdiEn et sitfial, whareidtie REbha

controller in accorda erein t tessi ng neans .t.ags
each of the seedafosmation gigeal Bic mssa ﬁ@foo%sqqs?eth?ém%ggqql axaveiahiee
wth the inf@rmahuon transmtted and received by 20 the data port. 11. The

central controller in ggcqr danee iid menioy, e af flsfofle s88d as unavailable.

9. A code division multiple access (CDMA) communication system
having a central controller for assigning seeds to base stations controlled
10  thereby, and including:
memory means for storing the seeds;
a data port for transmitting and receiving information; and
processing means coupled to the memory means and the data
port for allocating the seeds in accordance with the information
15  transmitted and received by the data port.

10. The central controller in accordance with claim 9, wherein the
processing means tags each of the seeds as assigned or unassigned in the
memory in accordance with the information transmitted and received by

20 the data port.

11. The central controller in accordance with claim 10, wherein the
processing means provides a seed that is tagged as unassigned to the data
port for subsequent transmission therefrom and tags the seed as assigned

25 in response thereto.

12. The central controller in accordance with claim 11, wherein the
processing means comprises means for determining whether an assigned
seed is available for transmission from the data port.

30
13. The central controller in accordance with claim 10, further
comprising a telephone interface coupled to the processing means for
receiving selective call messages, wherein the processing means allocates
the seeds in response to reception of the selective call messages.
35
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processi ngWed that is tagged as unassigned to the data
.port for su t transm sston therefromand tags the seed as assigned 25
in responsefmggmgaﬂ central controller in accordance with claim
11, wherein c Provs mweans conprises neans for determ ning whether an
assigned seed is availalll e*for transnission fromthe data port. 30 13. The
central controller in accordance with claim 1 further conprising a

t el ephone interface coupled to the processing neans for receiving selective

cal |l messages, whergjn.the proGessi S t seeds. L response
to reception of thefé'eI%t?%épa@acﬁﬁwr@gggé%?&@@%g%fga.qmrﬁgf %é* Fal
control l er in acompiiging avnessagedhuffaricoupled Herthe delephehednterfacefage buf fer
coupled to the P%I)_@ | f : eémpﬁ% ' A |

cal | messages rré%elﬁ \E}e yéttB h%%t%l%gsg éoyrtllgte i nter gécdgés %%b@g@?gﬁﬁ@dﬁ@
control ler in aélertd§Bce with claim 14, wherein the processi ng neans

provi des a mginber of avail able seeds to the data ports for subsequent

o e el ARG S A U35, erin e

processing means provides a number of available seeds to the data ports

for subsequent transmission therefrom, wherein the number of available
seeds is proportional to the number of the selective call messages stored in
10  the message buffer. '

16. The central controller in accordance with claim 15, wherein the
number of available seeds includes one or more seeds that have been
tagged as assigned in the memory as well as any unassigned seeds, wherein

15  the one or more seeds that have been tagged as assigned have already been
assigned to communication devices in different reuse groups.

17. A code division multiple access (CDMA) communication system
for providing two-way communication, the communication system
20 including:
base stations for transmitting and receiving information; and
a central controller coupled to and controlling the base stations,
the central controller selecﬁvely assigning seeds to each of the base stations
in accordance with the information transmitted and received by the base
25 stations.

18. The communication system in accordance with claim 17,

wherein: ' : .

the information transmitted by the base stations includes at least

30 one seed request transmitted by at least one base station to the central

controller; and

the central controller, in response thereto, determines which of
the seeds are available seeds and provides to the at least one base station a
subset of the available seeds. '

TYTTIT:
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/’ .
10 thé nmessage buffer. 16. The central controller in accordance with claim
15, ‘whereinm—the nunber of avail abl e seeds i ncludes one or npbre seeds that

have been ' [ed in the menory as well as- any unassigned seeds,
wherein 1H Wm mi“)mﬂm seeds that have been tagged as assi gned have
al ready been assu greed st o*xconmuni cati on devices in different reuse groups.

17. A code division nultiple access (CDMA) comruni cati on system for
provi di ng two-way conmuni cation, the comunication system 20 i ncluding:

base stations for tggnsyHid L.l . Ly ng. i 100 .
controller coupled ?%'_Z@aé%‘%’ﬁ?‘%‘g‘pﬁ?@‘g‘?ﬁ%ﬂeﬁéﬁe?@?‘%@%‘%@“‘, ggélg‘n‘tfg’;ﬁ‘ﬁﬁ{er :
control l er sel ecompisingsatilgast anespedtabledranscgiver fondransmittingiai ons in

S ati oo C1p | TEDRANURCAHORN iilafio Bl 16 thENM: LAASNCEARY plalibn) tterdn
sherein:. the i nfbe #higash onﬁiﬁgﬁﬁ%’tw trpnsmits the éﬁg't’%&‘\?qd&&i‘@ avalphlscsceds east
30 one seed5r eqheat lédst e poredble traisceives in eespdige doYeadpidon bf thdre
central controller;: and atshg)e central controller, 'in response thereto,

det er mi nes whi cfOBFPREC ébémé’raé“’é\/ﬁ% 1 e seeds and provides to the at

| east one base station a subset of the avail able seeds. 35
20. The communication system in accordance with claim 19,
wherein:

10 the central controller, in response to providing the at least one
base station with the subset of the available seeds, tags each of the subset of
the available seeds as unavailable; and

the at least one base station, when a seed included within the
subset of available seeds is no longer in use by a portable transceiver
15  included within the at least one portable transceiver, transmits a signal to
the central controller indicating that the seed is no longer in use, in
response to which the central controller tags the seed as available.
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43 19.- The comruni cation systemin accordance with claim 18, further

conpri si nWm&e—-portabl e transceiver for transnitting a

comuni signal to the at | east one base station, wherein
the at ,mmﬁm q’"ﬂ!ﬂglgﬁation transmts the subset of the available seeds
to 5 the aft | eas rtabl e transceiver i-n response to reception of the
communi cation initiation si gnal . 20. The co ni cati on systemin accordance
with claim19, wherein: the central controller, in response to
provi ding the at st oneb e.station wth t bset of the avail

seeds, tags each o& Qelssdivigipn pultiple;gc S'Eﬁ @@ CRMIHIIGAtIOR, SYS e&?’nd
the at |east orfert}mﬁ two—wafymeommanaﬂt:mpﬁmnlad i:t hin the subset of

M thin the at T east ontebaRetion K untafi i A 2eleiORs BuitFinalibny Jihelch
central controlmerbasaatatmnsa}etgraupe en'geeqbwhm (Iﬂ-giée grﬁups,ean n

response togwhi ch the |
REPLACENENT SHEET f EGUEAY oIl 31%%@6 a]htti %Sigfdglc‘% s@wa&émﬁ‘m’

co
conmuni cati on s%t%tférc%}t&u% Wﬁh%‘i%&gway conmmuni cation, i ncI udi ng:
memory means for storing seeds; and '

processing means coupled to the memory means for tagging
each of the seeds as available and unavailable in the memory means, and
10  for selectively providing the base stations with a subset of available seeds.

22. The communication system in accordance with claim 21,
wherein:
the base stations comprise a first plurality of data ports for
15 transmitting seed requests to the central controller;
the central controller comprises a second plurality of data ports
coupled to the processing means for receiving the seed requests, wherein,
in response to reception of a seed request from a first base station via one
of the second plurality of data ports, the processing means determines
20 which of the seeds are unassigned seeds that have not been provided to
any of the base stations and which of the seeds are assigned seeds that have
been provided to a second base station included within a re-use group
different than that of the first base station; and
the processing means tags as available for transmission to the first
25 base station the unassigned seeds and the assigned seeds that have been
provided to the second base station.

23. The communication system in accordance with claim 21, further
comprising at least one portable transceiver for communicating with the
30 base stations and for receiving at least a portion of the subset of available
seeds from the base stations.
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base-‘smu ng and receiving information, wherein the base
stationﬂm ‘into a plurality of re-use groups; and 5 a
central 18 ”Mﬂ!ﬂi@g’l‘ed to.and controlling the base stations, the
central corftra #lidi ng: nerory neans for storing seeds; and

processi ng neans coupled to the nenory neans for taggi ng each of the seeds-
as avail abl e and unavailable in the nenory ngans, and 10 for selectively

provi ding the base stations with a subset of avail able seeds. 22. The

comuni cati on syst in C i .cl ai in:. the

stations conprise gzlfl rst%gﬁ%tﬂ§pl ffyﬂgié]g%g%egggé a%ﬁ{‘%&ﬂ“ér%"ﬁ‘s?ﬁ?%%“ng seed
requests to t heubstantillycamhersin described with referenseitodhe accomppnying a
second plurality,efing@ta ports coupled to the processing neans for

receiving the seed r€quests, wherein, in response to reception of a seed
request froma first base station via one of the second plurality of data

ports, thg BrogeStSiZBtg fTEQ@@nét?bgrdfia{b@fgﬂﬁ%ss@(tﬂs?ﬂl ﬁfceh]flﬁ%ﬁﬁﬁ&éb 11ef et .
unassi gned seeds at. have not .been proyi any .0 e base stations
ond which of ¢ bsERaly & Beteis Aeterthett wift ererE thebh AroTRaLYIE o
second base st atraoringsicl uded within a re-use group different than that of
the first base station; and the processing neans tags as available for

transmssion to the first 25 base station the unassigned seeds and the _
assi gned seeds t haf6have Aeentrpl canitgellen foridssigning seedssubstantially as Iereinhe

comuni cat kgn i N i _conprising at

[oast one. port SEPECPA A ARGl e R bRt Y IR
27. A communication system for providing two-way

communication substantially as herein described with reference to the

accompanying drawings.

15 |
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30 base, stations and for receiving at |east a portion of the subset of

avail abl e seeds fromthe base stations. 45 24, A nmet hod of assigning
seeds in a comunication system substantially as herein described with
reference to the acconpanyi ng drawi ngs. 5 25. A et hod of assigning

seeds in a central controller substantially 22 herein described wth
reference to the acconpanyi ng draw ngs. 26. A central controller for
assigning seeds substantially as herein 10 described with reference to the
acconpanyi ng draw ngs. 27. A commruni cation system for providing two-way
comuni cation substantially as herein described with reference to the

acconpanyi ng draw ngs. 15
CODE DIVISION MULTIPLE ACCESS (CDMA) INBOUND
MESSAGING SYSTEM UTILIZING RE-USE OF SEQUENCES

Abstract

A communication system for providing two-way communication
10 comprises base stations (15) for transmitting and receiving information
and a central controller (10) coupled to and controlling the base stations
(15). The central controller (10) selectively assigns seeds to each of the base
stations (15) in accordance with the information transmitted and received
by the base stations (15). '
15 FIG. 1 accompanies this abstract.
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