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of CDVA techniques in a nultiple 25 access conmuni cati ons systemis
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20 multiple access (e.g., TDMA and GSM), frequency division multiple access
(FDMA), and AM modulation schemes such as amplitude companded single
sideband (ACSSB), the spread spectrum modulation technique of CDMA has
significant advantages over these other modulation techniques for multiple
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25 access communications system is disclosed in U.S. Pat. No. 4,901,307, entitled
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U.S. Pat. No. 5,103,459, entitled "SYSTEM AND METHOD FOR GENERATING
SIGNAL WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM,"

30 issued Apr. 7, 1992, both assigned to the assignee of the present invention and

incorporated herein by reference.

CDMA systems are typically designed to conform to one or more
particular CDMA standards. Examples of such CDMA standards include the
“TIA/EIA/IS-95-A Mobile Station-Base Station Compatibility Standard for

35 Dual-Mode Wideband Spread Spectrum Cellular System,” “TIA/ELA /IS-95-B
Mobile Station-Base Station Compatibility Standard for Dual-Mode Wideband
Spread Spectrum Cellular System” (collectively, the IS-95 standard), the
TIA /E1A/15-98-A, -B, and -C standards entitled “Recommended Minimum
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t erm nat egrogg'kesd onfg- ?Qﬁ%i 10801d ianijlé‘gtsitgp E stricts the type of servites
that can be provided to The uSef AL fioWelkeaRIAee HRAN Lhe isruevbreed, |t
i s hi ghl ycerdainrsperidiedeyeneyi de  enhanced communi cations servi ces beyond
j ust voi ce-onl Yot adakarepid W HRIG Ak d Thes hanced sernvices often
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For " exanpf @ RYRICHEPT 1yORE REYr s call processiangs miate yoadhane wtefinedeby (e. g.
via twe f:dTR:GDMm stanadhsds Baded) leﬂsaﬂsﬁ ?@ﬁ%/'bi(j‘agle V&l@,e&hi&ﬂfseﬁvgﬂfﬁl@ga. For f
sone app i : i & o allow for.” concurrent transn ssion o
voi ce andbggtgaegg gp&r %fsénsg etrh%of"%g&‘?rini‘ etomﬁiﬁgtﬂ'%ry&ﬂ%wﬁoﬁtaé?dafg and
conver sat fefgned higs implernentyube callapratdssingf staté hmackineudefingd phsdvacmasi ng of
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SUMMARY OF THE JeNVEKlTI ON The F@gem); %Sﬁé?%%"%?%& ?é‘ze{]igg%{r}%{%tuggdt%at
enabl e t hre}e'ffr??& UMY B Progesead wnpl thecagtive call i tesminatedpeThisuane-call
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redefining) t hﬁs(}ﬂbaeﬂ'{ 8&)9 ééhglquﬁltcgﬁgn rtJ:P\‘.srt(o:lbzleg,eit is highly desirable to provide
enhanced communications services beyond just voice-only or data-only
communication. These enhanced services often rely on the ability of the system
to concurrently support multiple calls. For example, the ability to concurrently
25 transmit voice and video (e.g., via two concurrent calls) can be used to provide
video qonferencing. For some applications, it is desirable to allow for
concurrent transmission of voice and data (e.g., transfer of a file while carrying
on a conversation).
Thus, techniques that allow for the concurrent processing of multiple

30  calls in a spread spectrum environment are highly desirable.

SUMMARY OF THE INVENTION

The present invention provides techniques that enable the processing of

35 multiple calls in a spread spectrum communications system. The invention
achieves this by modifying (or redefining) the call processing state machine
defined by the CDMA standards (e.g., IS-95 and IS-2000) to include a (“traffic
channel”) substate indicative of the mobile station processing at least one active

call. The invention further provides call control (CC) state machines of various
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15 cal I d?F?’é’?Eof’erF%gé{},“%fﬁo‘Ha gifor Hyis £alli isdpstandiates. r Ehe dnataatiated

parti cul arCCadthte mtauhireais! identified aeisitdinandsdd o icBAtran the pescdsiingt 8¢ e
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i Rf or rr}at |) d’ﬁﬁtﬁéiﬁét;g\ﬁ?'e 6?‘;1:1'@[1 bipopanegeiring an ifdicgtion b anpldditional call
channel s) fobhdsrdtsedd SRirR . . ate
machi ne- can bé;prof a Bé?{l? uI}ng f@szfiﬁéa ec%ﬁ%%%ﬁét@lﬁiﬂ@%%‘dﬁoﬁﬂe cal |
bei ng b ocell eGOrIeSPORSTAY cUPOR FFeEIEAE DATERCVE tontlensncs padirler adbd | or
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el udes: rOdihelR oG A8 8 Eop e sieell B ARreier Wit G P hAI oican
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| ndi cat | veedl, delitykicaEndhriéis o bERREAISFAAN &%%rgggibhs:u' ar call, (3) a
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connect i onntla@eSO1h WRitk 88 @eder substate indicative of a wait for an order from
25  the base station, (2) a waiting for answer substate indicative of a wait for a user
response to the particular call, (3) a conversation substate indicative of a period
of permissible transmissions for the voice call, and (4) a release substate
indicative of termination of the voice call.
Another embodiment of the invention provides a method for supporting
30 two or more calls concurrently in a spread spectrum communications system.
In accordance with this method, an indication of a first call (Call)) to be
processed is received. A first service option connection (SO Conn )} to be used
tor data transmissions is determined, and a set of one or more physical
channels is associated with the service option connection. The first call is
35 mapped to the first service option connection, and a CC state machine is
instantiated to control the processing of the first call. For each subsequent cail
to be processed, a separate CC state machine can be instantiated. Upon
teceiving a direchve to release a particular call, the call is released and the

instantiated CC state machine for that call is also terminated.
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furt her ré@lﬂ remcewes an indication of a particular call to be processed, instantiates
25 a call control state machine for the particular call, and exchanges one or more
messages related to the particular call via the receiver and transmitter units.
The instantiated call control state machine is identified with, and used to
control processing of, the particular call. The controller can further receive an
indication of an additional call to be processed and can instantiate an additional
30 call control state machine for the additional call. The controlier can also receive
a directive to release the particular call and thereafter releases the call control
state machine for the particular call.

BRIEF DESCRIPTION OF THE DRAWINGS
35
The features, nature, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:
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condi tions. DEFRkLED iDRSGHAGRNINIEPIcTHE BREGhEPEirgVBEBVEENTD M Gf thehows a
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station and the reverse link refers to transm ssSi on
station to the base station. As shown in FIG 1, base station 104a
transmts dataFIG. 1 shows a diagram of a spread spectrum communications system

20 100 that support a number of users. System 100 provides communication for a
number of cells 102a through 102g, with each cell 102 being serviced by a
corresponding base station 104. Various mobile stations 106 are dispersed
throughout the system. In an embodiment, each mobile station 106
communicates with one or more base stations 104 on the forward and reverse

25 links at any given moment, depending on whether the mobile station is in soft
handoff. The forward link refers to transmission from the base station to the
mobile station and the reverse link refers to transmission from the mobile
station to the base station. As shown in FIG. 1, base station 104a transmits data
to mobile stations 106a and 106j on the forward link, base station 104b transmits

30 data to mobile stations 106b and 106j, base station 104c transmits data to mobile
station 106¢, and so on. In FIG. 1, the solid line with the arrow indicates a data
transmission from the base station to the mobile station. A broken line with the
arrow indicates that the mobile station is receiving the pilot signal, but no data
transmission, from the base station. The reverse link communication is not

35 shown in FIG. 1 for simplicity.

As shown by FIG. 1, each mobile station, especially those located near a
cell boundary, can receive data transmissions and/or pilot signals from
multiple base stations. If the measured pilot signal from a particular base
station is above a particular signal level, the mobile station can request that
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Ut on TRTRA B, B SR A e v
fansnit t'8 jjoxtes the; B & ector element 214 then

sends the data to each base station 104 in communication with mobile station

106. Each base station 104 maintains a data queue 240 that contains the data to

be transmitted to mobile station 106.

25 In an embodiment, on the forward link, the data is partitioned into
packets that are then formatted with other control and coding bits and
subsequently encoded.  Depending on the particular physical layer
implementation of the CDMA system, the encoded packet may be
demultiplexed into parallel streams and transmitted over one or more Walsh

30 channels.

The data is sent, in packets, from data queue 240 to a channel element
242. For each packet, channel element 242 inserts the necessary control fields.
The data packet, control fields, check bits, and code tail bits comprise a
formatted packet. Channel element 242 then encodes one or more formatted

35 packets and interleaves (or reorders) the symbols within the encoded packets.
The interleaved packet is scrambled with a scrambling sequence, covered with
Walsh covers, and spread with a long PN code and short PNI and PNQ codes.
The spread data is quadrature modulated, filtered, and amplified by a
transmitter within a RF unit 244. The forward link signal is sent through an
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20 Cont r ofigifalosignalaprasessing| &Pﬂﬁt chipaor amiASIGcamtfigiiredr to perform the
m cr opr oc &sstonsalescribed herein.

In an embodiment, encoder 272 encodes the data in accordance with a
Blank and Burst signaling data format described in U.S. Patent No. 5,504,773,
25 entitled “METHOD AND APPARATUS FOR THE FORMATTING OF DATA
FOR TRANSMISSION,” assigned to the assignee of the present invention, and
incorporated herein by reference. Encoder 272 then generates and appends a
set of CRC bits, appends a set of code tail bits, encodes the data and appended
bits, and reorders the symbols within the encoded data. The interleaved data is

30 provided to a modulator (MOD) 274.
Modulator 274 can be implemented in many embodiments. In an
embodiment, the interleaved data is covered with Walsh codes, spread with a
long PN code, and further spread with the short PNI and PNQ codes. The
spread data is provided to a transmitter unit within a front end 262. The
35 transmitter unit modulates the data, performs filtering and amplification, and
transmits the reverse link signal through antenna 246 over the air on reverse

link 252.

At base station 104, the reverse link signal is received by antenna 246
and provided to RF unit 244. RF unit 244 filters, amplifies, demodulates, and
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mobile station transitions from a power-up state 310 to a mobile station
initialization state 312.
In state 312, the mobile station selects a particular systemn to use. If the
25  selected system is an analog system (e.g., a GSM or TDMA system), the mobile
station transitions to a state 314 and begins analog mode operation. Otherwise,
if the selected system is a CDMA system, the mobile station proceeds to acquire
and synchronize to the selected CDMA system (i.e., to one or more base
stations in the selected system). Once the mobile station has acquired the
30 timing of the selected CDMA system, it enters a mobile station idle state 316.

In state 316, the mobile station is “on” but not active. The mobile station
monitors a paging channel on the forward link for messages from the base
station. If the mobile station i3 unable to receive the paging channel or if
another base station is to be added to the active set (e.g., for soft handoff), the

35 mobile station returns to state 312 and acquires the base station. In state 316,
the mobile station can receive messages or an incoming call, originate a call,
perform registration, initiate a message transmission, or perform some other
actiong. Upon initiating any of these actions, the mobile station transitions to a
system adcess state 318.
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channel initialization substate 410 of state 320.
In substate 410, the mobile station verifies that it can receive data on the
25 forward traffic channel, begins transmitting data on the reverse traffic channel,
and synchronizes the traffic channels between the mobile station and the base
station. The mobile station also performs a set of other functions (e.g.
adjustment of the power control) upon entering and while in substate 410. The
mobile station then waits for an indication from layer 2 (for an 1S-2000
30 compliant system) or from the base station (for an IS-95 compliant system) that
the forward traffic channel has been acquired. The mobile station then
transitions to a waiting for order substate 412 if it received a call originated
from the base station, or to a conversation substate 416 if it originated the call.
In substate 412, the mobile station waits for an Alert with Information
35 Message from the base station. This message indicates how and when the
mobile station should ring the phone. If the mobile station receives the
message within a particular time period (T., ) of entering substate 410, it
transitions to a waiting for mobile station answer substate 414,



the established forward and reverse traffic channels. Upon term nation DfEB 7004
the 15 call, the nobile station returns to state 312. The state machi ne
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substate 410. The stateimmachine shown in FIG. 4 supports a single voice call between
the mobile station and the base station. In particular, if the mobile station is in
25 conversation substate 416 (e.g., during a voice or data call) and another call
‘originated by the base station is received, the mobile station is not able to
return to waiting for order substate 412 to inform the user of the newly
received call. To return to substate 412, the current call would need to be
terminated and the mobile station would need to return to mobile station
30  initialization state 312. The single-call limitation generally prevents the CDMA
system from offering a number of services such as video conferencing, multiple
services (e.g., voice and video), and others.
FIG. 5 shows a state machine 500 for an embodiment for mobile station
call processing that can concurrently support multiple calls. State machine 500-
35 shown in FIG. 5 can be used in place of state machine 300 shown in FIG. 3.
State machine 500 includes a power-up state 510, a mobile station initialization
substate 512, 2 mobile station idle state 516, and a system access state 518 that
correspond to power-up state 310, mobile station initialization state 314, mobile
stabion 1dle state 316, and system access state 318, respectively, in FIG. 3.



- station stays in substate 416 for the duration of the call, The nobil &3 FEB 2004
station transitions to a rel ease substate 418 if it receives a command
fromthe user or a release order fromthe base station to rel ease the
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substate Bel, Affhsh ngljlsent%nttr aln%%l 'Qibstate 524 and, upon receiving the
appropriate message (e.g., a Call Setup Message), instantiates or invokes a call
25 control (CC) state machine for the call. For example, the mobile station can
instantiate a voice CC state machine 530 for a voice call, a data CC state
machine 540 for a data call, an ISDN CC state machine 550 for a call with an
ISDN network, a GSM CC state machine 560 for a call with a GSM network, or
some other CC state machines for some other types of communication. The CC
30 state machines are used to control the processing of the associated calis.

While in traffic state 520, if another call is originated or received, the
mobile station instantiates another CC state machine for this new call. In an
embodiment, one CC state machine is instantiated for each call being
processed. The CC state machine is used to direct control of the associated call

35 and to handle the call control messages related to that particular call. In this
manner, a number of {L) CC state machines can exist at any given moment,
where L =0, 1, 2, 3, and so on. The mobile station remains in traffic state 520 as
iong as there 15 at least one pending call. Upon termination of each ¢all, the CC
state machune for that call is released and the mobile station determines
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25 shown in FIG. 6, Call, is mapped to SO Conn,, Call, is mapped to SO Conn,,
and Call. is also mapped to SO Conrn,. The subscripts A, B, and C represent the
call identifiers (CALL_IDs) for the pending calls, and the subscripts 1 and 2
.represent the connection references ({CON_REFs) for the established service
option connections.
30 Each service option connection identifies one or more physical channels
to be used for data transmission. In the example shown in FIG. 6, SO Conn, is
mapped to (ie. utilizes) the dedicated control channel (DCCH) and the
supplemental channel (SCH), and SO Conn, is mapped to the fundamental
channel (FCH) and the supplemental channel (SCH).
35 As each call is connected, a new CC state machine (denoted as Call,) is
instantiated. The instantiated CC state machine is of a type selected based on
the type of call being processed (e.g., voice, data, ISDN, GSM, and so on). Each
CC state machine type includes a number of substates specific to that state
machine type. The CDMA system can be designed to support a number of



used to inplenment a (lower) layer-3 state machine for a particular CDMAZ Fpg 2504
system State nmachine 500 defines the interaction between the nobile

station and the base station and is not specific to any particular call.

State nactwa@13869 can be used to concurrently support any pgFRRpeHae5alls.
The CC state machines are call specifl® and can be inpl emented based on
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servike beptleasedonnecti ons. 30 Each service option connection identifies
one or nore physical. cha s _to,.be ed for. data transm ssion. In the
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of a2lypbasedtativad based on the type of call bei ng processed (e.g., voice,
R T et L R A o
desi gnedPreresiuspsr in an amblodiment, witileth@ r0bile Watidh/id 36 6 fic state 520, if
a service option connection is required to support a new call, the service option
request and assignment are accomplished using the service negotiation
25 procedures. An example of such procedures is outlined in the [S-2000 standard
document. Other service negotiation procedures can also be implemented and
are within the scope of the invention.
In some embodiments, the physical channels are established through the
service negotiation. For these embodiments, the service negotiafion procedures
30  can be designed to include request for one or more new traffic channels and the
exchange of channel configuration information. The required physical channels
can then be connected and configured using the negotiated channel
configuration information. Upon completion of the service option negotiation
between the mobile station and the base station, the required physical
35 channel(s) are established and ready for transmission.
In an embodiment, a number of different types of CC state machines are
provided to support different types of call. Some example CC state machine
types include:




PCT/ US00/ 22243 13 different CC state machine types, and additional CQ 3 FEB 2004
state machine types for new call types (such as video and others) can be
added as rwigﬁ??or desired. As indicated in FIG 6, any nunber of calls
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414, and 416, respectively, in FIG. 4. During termination of the voice call, the
voice CC state machine transitions to the call release substate. Upon
termination of the voice call, the CC state machine for this call is released.

In an embodiment, to facilitate the tracking of the calls and the
processing of the instantiated CC state machines in a multiple, concurrent call
environment, each call can be identified by a unique call identifier (CALL_ID).
In an embodiment, the CALL_ID is “local” to the mobile station <-> mobile
switching center (MSC) path and is selected by the onginator of the call
30 Implementing local CALL_ID allows the same CALL_ID to be used by multiple

mobile stations concurrently. The CALL_ID can be analogized to the “Call
Reference” in ISDN and the “Transaction Identifier” in GSM systems.
Once the CC state machine for a particular call has been established,
subsequent call-specific transmissions (e.g., a Flash with Information Message)
35 between the mobile station and the base station include the CALL_ID so that
the transmissions can be routed to the proper CC state machine. In an
embodiment, the CALL_ID can be implied for the (IS-95) voice CC state
maching and for other CC state machines when there are no ambiguities. With
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In an enbodi nent, a nunber of different types of CC state nmachines arel 3 FFR 200,
provided to support different types of call. Sonme exanple CC state nachine
types include: 1 3 F E B 7064 WO 01/ 13669 PCT/ US00/ 22243 14 Voice : The
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framework of the call processing state machine currently defined by the IS-95

and I5-2000 standards. Referring back to FIGS. 3 and 4, upon entering mobile

station control on the traffic channel state 320 from mobile station access state

318 (FIG. 3), the mobile station proceeds to traffic channel initialization substate

25 410, as currently performed by the IS-95 and IS-2000 standards. From traffic

channel initialization substate 410, the mobile station enters a newly defined

“traffic channel” substate. This new substate replaces waiting for order

substate 412, waiting for mobile station answer substate 414, and conversation

substate 416. One or more timers can be associated with substates 412 and 414

30 to provide the required time-out indicators implemented by the current CDMA
standards.

FIG. 7 shows a diagram of the communication between the mobile
station and the base station for processing a first call, which is a voice call
received (ie., terminated) by the mobile station. As used herein, a mobile

35 station terminated call is a call originated from the mobile switching center and
received by the mobile station. While in mobile station idle state 516, the
mobile station receives from the paging channel a General Page Message that
includes a new service option SO,. The mobile station then enters system
access state 518 and responds with a Page Response Message on the access



subsequent call-specific transmssions (e.g., a Flash with Information
Message) 35 between the nobile station and the base station include théFEB 200
CALL ID so that the transm ssions can be routed to the proper CC state
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Sennce negotiation, the mobile station receives a Service Connect Message that

25 includes the SCR having the newly added service option SO, and the
CON_REF, for the assigned service option connection.

In an embodiment, the service negotiation and the resulting
establishment of the vervice option connection may occur prior to receiving the
Call Setup Message. In this case, the CON_REF, in the Call Setup Message

30 corresponds to the connection reference of the established service option
connection.

Upon receiving an Alert with Information Message that includes the
CALL_ID, assigned to this call, the mobile station transitions to waiting for
mobile station answer substate 534. The mobile station then rings the phone

35 and waits for a user response. After receiving the user response, the mobile
station sends a Connect Order that includes the CALL_ID,. The mobile station
then transitions to conversation substate 536 and may exchange the Flash with
Information Message with the base station. Data related. to this call is
transmitted via the established physical channel(s). As shown in FIG. 7, the



standards. FIG 7 shows a diagram of the comrunication between the rmb1 ge 8 2004
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the resul 8igi@. The mobile station then receives an ECAM that includes the assigned
physical channel.

Similar to FIG. 8, upon receiving the ECAM, the mobile station

25 transitions to the traffic channel substate. Upon receiving the Call Setup
Message, the mobile station instantiates a CC state machine of the specified
(data) CC_Type and the CC state machine is placed in the conversation
substate.

FIG. 10 shows a diagram of the communication between the mobile

30 station and the base station for processing a first call, which is a data call
originated by the mobile station. The diagram for the mobile station originated
data call is similar to that for the mobile station originated voice call in FIG. 9,
except that the mobile station instantiates a data CC state machine 540 after
receiving the Call Setup Message. Upon completion of the service negotiation,

35 the mobile station sends data via the assigned physical channel(s).

FIG. 11 shows a diagram of the communication between the mobile
station and the base station for a subsequent (i.e., L>2) call, which is a voice call
received by the mobile station. The mobile switching center sends a call
connect request and, in response, the base station sends a Call Setup Message
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the Call Setup Message. In this case, the CON REFN in the Call Setup FEB 2004
Message 30 corresponds to the connection reference of the established
servi ce optQ @A36@onnecti on. Upon receiving an Alert with | nPormstinnss
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t he baseuiét‘é‘cg%?fﬁﬁ’cﬁ"a Bcessing a first call, which is a voice call
ori gi nated byFIhe1Pmhious 5t dfagedm Yhithe do&um&a%&; BEhQ@er{ 4he ﬁbﬂﬂf o186,
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" oeponser 2Rl A el CramubERNN endoch peav Bikgosrritce sl ndes.
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and PAror g on Bt haecp P d A FESP REresghn i e Hiile HABATREIYY ves an
ECAM t hat S ﬁ{cﬁqg@g tMesspgedhabmgludes, farrexample, the requested CC type
(CC Type Req) and the CALL_ID, assigned to this call. In an embodiment, the
originator «f the call (in this case, the mobile station) is able to assign the
CALL_ID to the new call. The mobile station then receives a Call Setup

25 Message that includes the assigned CC Type, the CALL_ID, and the
CON_REF,. Upon receiving the Call Setup Message, the mobile station
instantiates a CC state machine 330 of the specified (voice) CC Type and
indexed by the specified CALL I.D,. The mobile station performs a mapping
between the CALL_ID, and the CON_REF,.

30 Fot this new mobile stahon onginated voice call, the mobile station
transitions to conversation substate 536 and sends a Call Origination Meecage
that includes. for example, the dialed digits and the CALL D . The mebile
station then performs the service negotiaton procedures, In an embodiment,
the service negotiation may occur prior to the mobile station sending the Call,

35 Origination Message from the conversation substate. The service negotiation
messages includes the new service option SO, and relevant parameters. Upon
completion of the service negotiation, the mobile station receives a Service
Connect Message with the service configuration record that includes the
assigned SO,, CON_REF,, and relevant parameters. The Flash with



Sinilar to FIG 8, upon receiving the ECAM the nobile station 25 13 FEB 2004
transitions to the traffic channel substate. Upon receiving the Call Setup
Message, the nobile station instantiates a CC state machine of the
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response pyl fie HBbid §w§ct:ﬁi{nigo&n§§rr.' %¥/hile in conversation substate 536 for this call,
a call release request is received by the base station and, in response, a Call

25 Release Message that includes the CALL_ID, of the call to be released is
transmitted to the mobile station. Upon receiving the Call Release Message, the
mobile station enters call release substate 538. The mobile station then sends a
Call Release Confirmation Message that includes the CALL_ID, of the call to be
released.

30 If the release of this call eliminates a service option connection, the
service negotiation procedures are executed and service option connection
related messages are exchanged between the mobile station and the base
station. The mobile station receives a Service Request Message with the service
configuration record that includes the CON_REF, to be released. At the

35 conclusion of the service negotiation, the mobile station receives a Service
Connect Message with the service configuration record that includes the
CON_REF, to be released. Similarly, the physical channel may be released if

not needed to support any pending call.
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bet ween t hbe m«bbﬂleestsnanlthﬂn aetirtd o i:raﬂ:ele ssdtidni iitle sEhe 50bi | e station
transmts a SepyGGe ReBaghMwIABR W & 5P Qiagrams that illustrates specific
implementations of the call processing by the mobile station and base station in
25 accordance with an aspect of the invention. Different types and combinations
of messages can be used to effectuate the call processing, and this is within the
scope of the invention.

The elements in the base station and mobile station described above can

be implemented in various manners. The receiver and transmitter units of the

30 mobuile station and base station can be implemented in one or more integrated

circuits, discrete components, or a combination thereof. The controlier of the

mobile station can be implemented in one or more integrated circuits, an

application specific integrated circuit (ASIC), a digital signal processor (DSP), a

controller, a microprocessor, other circuits and/or software designed to

35 perform the functions described herein, or a combination thereof. The other

elements of the mobile station and base station can be implemented with a
combination of hardware and software in a manner known in the art.

The invention described herein can be applied to many spread spectrum

commurnucations systems. The invention is applicable to spread spectrum



service configuration record that includes the CON REFN to be rel eased. At

the conclusion of the service negotiation, the nobile station recei VesFis 2004

Servi ce Connect Message that includes the CON REF' to be rel eased.

Simlarly, WOH/13668 physi cal channel can be released if not peadsdotzss

support any pending call. FIG 14 showdla di agram of the comuni cation
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the ﬁDbI|% tation,r ives. a Service Connect Message

conf i gur ati %ﬁ ps0ed tt 8t Wildiest uRRope; FRNSIEER) Reiti the E@nﬁl@ﬂ%ﬁaged HSV¢J| I arI Y,
t he physifeaturendinrbisedderéim. r el eased if not needed to support any pending
call. 1 3 FEB 2006 WD 01/ 13669 PCTI US00/ 22243 20 FIG 15 shows a di agram
of the c ni,cation hetween the nobile station and the base station for
releasinéwgﬁé fmediigte call by the nobile station. Wile in conversation
substate 536 for this call, a call release request is received fromthe
user. In response, the nobile station enters call release 5 substate 538
and sends a Call Rel ease Message that includes the CALL IDX of the call to
be rel eased. The nobile station then receives a Call Release Confirmation
Message that includes the CALL_IDX. Since this is the last call, the
service option connection and the physical channel for the call can be

rel eased via an exchange of radio resource control (RRC) rel ated nessages.
In 10 particular, the nobile station sends a Rel ease Order. The nobile
station then receives a Release Order in response and, thereafter, returns
to nmobile station idle state 516. FIG 16 shows a di agram of the

conmuni cati on between the nobile




station and the base station for releasing the last voice call by theq3¢gFpmn
nobile 15 switching center. While in conversation substate 536 for this
call, a call release request is rec&ved by the base station and, in
response, a Call Release Message__that includes the CALL IDx of the call to
be released is sent to the nobi IELAIMSon. The nobile station then enters
call release substate 538 and sends a Call Release Confirnmation Message
that includes the CALL_ IDX. Since this is the 20 last call, the physical
channel used flor AtTRethed fpr BroReRg ACRISBOFSAaHS SANERERRN G2 SBTca et @it ed
messages, g [; PRaN HAssesd.-bed above for FIG 15. The

nobi | e stcg?ﬁ)%h?ﬁtﬁgﬁetur%eﬁct%?e station idle state 516. FIGS. 7

t hrough 16 shaowcavisetanohdidatigr efrreparteitian dallug be atwsssepata Strgon; and

i npl ement ati ons_of .the cal/ ocessing. by the nobile station and base
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and conbigagidupSca0f vHeESRURSinsantiNed ¢aR doh®oledfide chatat it h@ntidel WAO&RSSI NG,
and this is within the scope of the invention. The elenents in the base
station aised otsinie! sragessing efabe pasiedlanpdlie can be inplenented in vari ous
manners. The receiver and transmtter units of the 30 nobile station and
base station can be inplenented in one or nore integrated circuits,

di scret e conpaheNtismethodaf ¢laitai 1) &trhen compridag:. The controller of the
nobil e station can be inplepented in one o re integrated circuits, an
appl i cation sp&Ei¥g af‘ﬁ?@@?‘é&"e?f 20 4 qﬂal(ﬁﬂgﬁ%% Pé"c&f’sﬁgf“ﬁheﬁa&ﬁ&i gy ocessor
(DSP), a contjhahh@iting@nBtHelf SR 8GR} Hate RhdMke 6 4 GPE ISaRBEHAAE: $Rf WAL
designed to 35 performthe functions described herfein, or a conbination

t her eof . ofiiks addiggnal edlbment s of the nobile station.and base station can be
i npl enented with a conbination of hardware and software in a manner known
inthe art. The invention described herein can be applied to nmany spread
spectrum comBINTEARIdAS Y Stffb clge! BYERIAR s applicabl e to spread
spectrum1 3 F, E D 2004 WO 01/ 13669 21 _ 243 systens that
currently exi StTHBIHRG, ASSREVERIORURR CARRECEOR farudiel gatssiuay cadondiateired- A
spef:i fi c thDMErsicat eptiba da/ﬁ&@a’dtibﬁd ixhcﬂuﬂbﬁ iAf IR ARO | %é’at}%egof e:f’ %@géf )
Applicati j nother CDVA systemis disclose in the
af or errentFi%gar‘l@S{ r?%c_) ygé?gﬁtfgﬁéééqgar@%&w "and 5, 103,459. 5 The foregoing
description of the preferred enbodinents is provided to enable any person

skilled in the. arte h@tASKDfRLaiNSE xbh_erd@ﬁ%@@éni'a%’s%bﬂrlzom BLOPUS the
nodi fi cati ons odiyjrents will be reaél y* apparent to those
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skilled PR ¢ HEMLFIT SIRIETRESGEATE FrRES Ly ¢eMeseasater ei n may be
applied to other enbodi nents without the use of the inventive faculty.

Thus, the presenthelQeleol Ligin iSafhed IfPHeg L0 e limited to the
enbodi nents shown herein but is ' '
receiving a message indicative of a physical channel to be used for the

particular call.

6. The method of claim 1, further comprising:
receiving a directive to release the particular call;
releasing the particular call; and

terrmunating the instantiated call control state machine for the particular
call.

7. The method of claim 1, wherein the instantiated call control state

machine for the particular call is of a particular type selected based on a type of
the particular call.

& The method of claim 1, wherein the particular call is a voice call, a
data call, a video call, an ISDN call, or a G5M call.




to be accorded the w dest scope consistent with the principles and nQ‘K)glF B 7004
features disclosed herein. What is clained.is: 1 3 F E B 2094 22 CLAl F -
A nmet hod for processing one or nore calls concurrently in a spread spectrum
communi cations system the method conpfising: receiving an indication of a
particular call to be processed at a station; and instantiating a call
control state machine of a type in accordance with a type of the

particul ar cal9, Theemethod hd dlash aht wheesnctiel ircemtixbd Stadit orieshiiae: | S
identifi I . . nt ocessing of the particular call. 2.
The et hgﬂaéc%lh%lf%(ﬁ@?gr agaergg%gﬁncgpfig% ng: receiving an indication of an

addi tional cald f@vREsaliucesvhstate imdicatiue | @f; aangeribdstant pathisgbinot her
cal | contifQlsnst hRB: i ccordance with a type of the

addi ti onatllf cal Iﬁégs @ﬁgb@%ﬁ? O%%&%flﬂlf %@ further conprising: determning

a service opt itdR6@8n AebHtRErinFirativecotigrieation ot Hig voigher dita calhe servi ce
option connection includes information indicative of a set of paraneters

to be used for.data trapnsnission. 4 he .method of claim 3, wherein the
service opti or]toco%eegﬂei%gﬁg}%f?df’ﬂ@ Q'Bg];FF%‘BI ‘é‘éFalm}aée‘iiéﬁgrqﬁnﬁ’éﬁ siatg one or
nor e r ecenackdnereEsshgesicetor ddte calltfhetheofindbidesn 1, further conpri sing:

receiving a S i ndi.catjve 1Y S channel .t o be used for, the
particul ar cgtlal_g%gﬁné'@knﬁ e\édsﬁﬂgﬁeg?é@lf?g{[%r&ﬁgr Wc,abtng?ﬁ Pnglert PR ving a
di r ect | v&PETAEPE JBESSEER asgkticular call; releasing the particular call;
and termi nati gviifieg Bshasivieal:abs&ed indertitoObs 3tRLE BRINIRE rb .ontngo .

ca

parti cul gli call. i, h? met hod of claim 1, wherein the instantiate
control Star¥epRdath @ or the particular call is of a particular type
sel ected based on a type of the particular call. 8 The nethod of claim1,

wherein the pafti Hﬁr ¢ o V@ ﬁ data call, a video call, an

| SDN call, or a Eg ,cé?‘ﬁaffgl@ég?’z%Bg&fggb{p €8net hod of claim 1, wherein

t he instanti ap@v{fogap}g sgMicedregataten procedures to determine a service option
connection for the particular call.

12. The method of claim 1, further comprising:
remaining in a traffic channel substate while at least one call remains
pending.

13. The method of claim 12, further comprising:
while on the traffic channel substate, exchanging a set of CC related
messages to establish a new call.

14. The method of claim 13, further comprising:
exchanging a set of service negotialion messages 10 establish a service option

connection for the new call.

15. The method of claim 14, wherein the CC related messages are
exchanged independently of the service negotiation messages.

16. The method of claim 1, wherein the particular call is terminated at a

mobile station.

17. The method of claim 1, wherein the particular call is originated by a

mobile station.



machi ne for a voice or data call includes a conversation substate 13 00
i ndicative of a period of permssible transm ssions for the voice or (ﬁgﬁg{
call, and a rel ease substate indicativéd4of termination of the voice or data

call. 10. The jgetgd of ' - ' LN I. AL € |l ng.r ol
he gt g L2 MRS & IIQ;P Ak :

state nmachine for the dv%l ceﬁgr%ma‘é\ta c}a I"'JT]‘%Lr”tSﬁé‘rrl mf:lﬁgﬁg%g%e\?\%lg ef%ﬁ% or

order substhatumidandncaystare, thé netivad domparsitgn al ert with information nessage;

and a waiting for .answer_ subst t_el'}_i ndicative of wait for a user response
to the voi ce g 3% an &yipatiopp! afiac caliAbe PEI-cFdi m 1, further conpri sing:

per formng SeWieﬁﬁi]ﬂﬁgﬁﬁrﬁtaEP«@canfﬁli%%%ﬁ&ﬂBQ tH6L BI-M DI Ra REEMLSERPL i ON

connection for the particular call. 12. The method of claim1, further
conpri sing: r &HabkhiRg R §el0f onef 41 IBOBHUIYRICR! GunBRIhicchakisheiasd Widute fuste cal |
remai ns Er%ﬂ;di ng n1[::‘%.nTge met hod of claim 12, further conprising: while on
the traf fic Eﬁgnﬁelc Wi5EPht e, exchanging a set of CC related nessages to

establish a newippald the ¥t chhi€o Rt fretkedfic€bgtigh chdnedidhl i conpri si ng
exchanging a set of service negotiation nessages to establish a service
opti on connecinseamiiating arcal caaiFplsiate machinepha tyRstiRgecwiance i A wpewhEitei n

the CC r?J at sr@g%rrgégg %ﬁ%cf%rsser-ﬁ%gﬁﬁ‘?ﬁ%%e%%ﬂ ndependently of the service

negotiatilb'ﬂc claim1, wherein the particul ar
call is termnated at a nobile station. 17. The nethod of claim 1, wherein

the par t cul aio Oghl rich SR S A coflphly, Stati on. 1 3 FEB 2004 24
g calTs

18. A method for supportin WO Gf nor e Stoncurrently in a spread

spect rum conmimtantihiigns ssyshrngallt tunt@e bRRImEaHRY Foidh shehist 28] 38 be
i ndi cati on of (? first btgal_l to, be processed; determining a first service

option cBWAEEEH IHIGTRnGEe dRgentatd ofdk contioh sats mastonsis ofestyablin stiomdange set  of

one or nNRAR aRPYSHGRE sGaARS|t$a10 be associated with the first service
option connection; _ mapping the first call to the first service option

connection; and instantiating a call control state machine of a type in
accordance wi 2. Theypethokd ¢fdaim 19, further comprising:

determining one or more additional service option connections to be

used for data transmission; and

mapping each active call to one of the determined service option
connections.

21. The method of claim 18, further comprising:

receiving a directive to release a particular call;

releasing the particular call; and

releasing the instantiated call control state machine for the particular
call.

22. The method of claim 21, further comprising;

determining whether a particular service option cennection mapped to
the particular call is also mapped to at least one active call; and

releasing the particular service option ¢onnection if no active calls are
mapped to the particular service option connection.

<J. The method of claim 22, further comprising:

determining whether each of the one or more physical channels
associated with the released service option connection is associated with at least
one active servige option connection; and

releasing phyaical channeals not aasociated with at least one active serviee
gption conmdction.



first call to control processing of the first call. 19. The nethod of 1glgigmy;
18, further conprising: instantiating a separate call control state nachine
for each subsequent call to be processed, wherein the instantiated call
control state machine is of a type in accordance wth a type of the
subsequent call. 20. The nethod of clai2s 19, further conprising:

determ ning ong or Mg, afdil | GRAlsRE Bhé CorPRid N zpﬁnn?qisg&%dtﬁpecle&umused

for data transm ssion; and nmappi ng edach active call to one of t
det er m nedmsemidatienopisicon, the ovetest doommisPle: The net hod of claim 18, further
conprising: receivin jrective.ta rel ease articular call; releasing

a d a
the parti cul arse](‘;’&“l”ilgfl HICRl EXIPHRR HEFIH i Eed call control state
machi ne for t he,RarinbGUlaainLdlahne 48 antiiert MRt RE 0@hn Glcdidih2dal; f ur t her

conprising: determ ning Whether a particular Service option connection

mapped to thesphlithicybas oc atdre iphysitd chrmphe fbridatatransenssionofue cach pfithecal | ;
and rel easing_the rticular service option connection if no active calls
are mappdd° Hmf%é"ﬂgarti cul ar service option connection. 23. The nethod of

claim 22, furtReineRpd &lNgontfs lseltdTnidichige Wil 19¢ if a6ddr@incé Rathoneyarofmor e
physi cal channels associated with the released service option connection
i s associcatheef Hf ORc af Moexgalls; one active service option connection; and

rel easi ng physi Ugjnagg S ; b Al i e o tiv ervice
option connect%?{gf?én -3 %@”ﬁ%%ﬁ @%88%@ %gerré!tlﬁgbd‘gh)}lre %?%(I:Ies&ﬁ% égnrgo%r nor e
cal | s i nphyspslehanrspect rum communi cati ons system the nmethod conpri sing:

sel ecting a particul ar.comuni cations systemto use; nonitoring a paging
channel for aﬁe%ﬂ"@Ps@%@%Pfﬁﬁ#ﬁ&%ﬁ%&f&éﬁﬂﬂﬁ establ i shing one or nore
physi cal channglegsif@thélahRarftlA5 GhIs CoAitoll HareCBabhifl fHehe PARICALr MANEnCAl | S;
instantiating a call control state machine of a type in accordance with a

type of respehseop thheeceived indipahos teaflease. exchangi ng messages for the one or
nore calls over the established one or nore . physical channel s;

-

25. The method of claim 24, wherein the instantiated call control state
machine for a voice or data call includes

a conversation substate indicative of a period of permissible
transmissions for the voice or data call, and

a release substate indicative of termination of the voice or data call.

26. The method of claim 23, wherein the instantiated call control state
machine for the voice or data call further includes

a waiting for order substate indicative of a wait for an alert with
information message to process the voice or data call, and

a waiting for answer substate indicative of a wait for a user response to
the voice or data call,

27. The method of claim 24, further comprising:
identifying each of the one or more calls with a unigue call identifier.

28. The method of claim 24, wherein each of the exchanged messages
includes the call identifier of the call for which the message is destined.

29. A mobile unit in a spread spectrum comumunications system
comprising:
a receiver unit configured to receive incoming messages;

a transmitter unit configured to transmit outgoing messages; and




receiving an indication to release a particular call; and rel easi ng1t3hp%ﬂn ;
instantiated call control state machine for the particular call in resp @E)
to the received indication to rel ease. 25. The nethod of claim 24, wherein
the instantiated call control state q&chi ne for a voice or data call

i ncludes a conversation substate indicCative of a period of perm ssible
transm ssions for the voice or data call, and a rel ease substate indicative
of term nation of the voice olr' dat all. 26. The thod of claim 25,

wherei n the ih<PEHPHS: Qge@LMF yc8ﬁ‘fﬁ5‘f o1 Miee eohEhi G {BPSHET VB e BT dat a
cal | furdhepndehildesdaowai ting for order substate indicative of a wait for
an alert with inf6rmtion nmessage to process the voice or data call, and a
wai ting for answerrcswibs emindi¢ayginednippeicofargalhig be proressed gbd response to

t he voice or data .27, i i C ri.sing:
i dentifying each o?‘%!?h%‘m(%r%teca-lcl)i:E %%%rgfe&%gﬂ?%hﬂweﬁf@a@ﬁ%fnq#é&lcagf“fe \?g}érﬁltt?ﬂf%qer.

28. The nethas ofe phicila? Lall\hetietin gachhsahiibe @lchangtduessages is
includes the call_ i1dentifier of the call for which the nessage is destined.
29. A nobi | e ideptifiadivish apg gurd 18 seRE Pl RipccsHRE Af BstaBislagyel-em conprising; a
receiver unit configured to receive incom ng nessages; a transmtter unit
configured to transmt outgoing nessages; and 1 3 FEB 2004 26 a controller

operativel y gougheghdbiletui of @R\, wikeebid fraRsficbileis fihkSsoniii@redaont rol | er
configured to receive an indication of a particular call to be processed,

and instantiate areghve adndicationeharcaddiidniahealblo be progsesddnangtcor dance with a

o ne i i Gont P sl i ebitor e AiBE B a Fiy in pofHifihee 1 21 ©
particul ar calith.a $fe offthe adahional ¢ali.t of claim 29, wherein the controller is

further configured to receive an indication of an additional call to be
processed, and instantiate an additional call control state machine of a

type i n accordan i o) ddjiti'onal, call . .Th bile unit
of claim 29, 3\?\he${2}en%%ehegé%¥fofléel?ﬁ#gz?ug{htﬁggﬁ (E%%fCPBEﬁDi%rt% g’éﬁ‘?fve a
di recti fef8uses ¥ase the particular call, and release the call control

state machine for rehgvearditeetivarto @alehse the particular call, and
release the call control state machine for the particular call.

32. A mobile unit in a spread spectrum communications system comprising:
areceiver unit configured to receive incoming messages;
a transmitier unit configured to transmit outgoing messages; and
a controller operatively coupled to the receiver and transmitter units, the
controller configured to implement a call processing state machine that includes:
' an initialization state indicative of a period of synchronization with a
particular spread spectrum comrnunications system,
an idle state indicative of a period of monitoring of a paging channel,
a system access state indicative of a period of accessing a basc station, and
a traffic stare indicative of processing of at least one active call, wherein

each active call 1s associated with a call conmrol state machine.

33. The mobile unit of claim 32, wherein the traffic state machine
includes




32. Anobile unit in a spread spectrum conmuni cati ons system conpri ﬁiﬁn% ﬂ
receiver unit configured to receive incomng nessages; a transmtte B2t
configured to transmt outgoing nessages; and a controller operatively
coupled to the receiver and transmtter units, the controller configured
to inplenent a call processing state naZhine that includes: an
initialization state |n?geﬁnat|ve of a period of synchronization wth a
particul ar spread sheff gloamnadi d&{fil%h'@t@ylst%!’ﬁﬂaetﬁ idzatvat efi mditcat i ve
of a period oftrmnisgbmm ahffac @?eﬁ'lrf&s channel, a system access state

i ndi cative of a perj cces bas statlon and a traffic state

i ndi cative of proceasgﬁargg d:?‘ g? taghdndicafive efaflpta wrresalissiomdon acti ve
call is associparédular thlizarehl | control state rrachl ne. 33. The nobile unit
of claim 32, V‘here'a”retl%e %gtfa'tec s :at e W&f%l |ncI es 13 FEB 2004 27

a-- traffic channel ArrZatT B sUhEt 8 fFHB?%%RP copardistiar call

transm ssion on traffic channels, a traffl c channel substate indi cati ve of
data transm ssion for a particular call, and a rel ease substate indicative
of term nation of the partlcul ar call. 34 The nobile unit of claim 32,
wherein the céft r dheemabile wnithef clanf3yunderein thestcantriodiee ia fathercont r ol

state machhfigufedl oaphisalde Dol BhoCESAEE HABERL Yok headk g&ﬂ”ﬁéﬁged cal |
ted based on a Pype of

control state ne. i rti,cul ar pe sel ec

the cal | %%Ceﬁéé%r‘%ié%?é’éﬁ‘ Tariateriiall eong FF?II ¥e maghipeds of geatsicalarhe cal |
control &ype eelegethibased énr tapemfctheoallﬂaﬁgpmcbsgeacl udes a waiting for
order substate indicative of a wait for an alert wwth information nessage
to process thg vQice or data call, a waiting for answer substate indicative
of a wait forsSa USErmMoPHEs uHt ef cliitmad.vwhereinrthgael coattol state anadtiset i on
substatefdrrujvcméloyelam‘cammcwesve of a perl od of perm ssible transm ssions
for the voice or dgta al ase swgstatelndlctlve of

termination of the*Voly gofror Od'gFﬁsg ?tlate 1Cai’E‘l‘lVe‘e & YERIE 69T 21 &lsH Withiher ei n
the station i mfarmbonen@tsagtr thpr@ess theMheicaer ach ofll,cl ai m 1, wherein the

station is a base §tﬁ'5!t9"[:go 138 _anstPasSosti @t {lcdtl e of P 84l %BPCat 46}

conmuni cat i ons system rising:
resp nse to the voice or data call,

a conversation substate indicative of indicative of a period of
permissible transmissions for the voice or data call, and

a call release substate indicative of termination of the voice or
data call.

36. The method of claim 1, wherein the station is a mobile station.
37. - ~ The method of claim 1, wherein the station js a base station.

38.. A base station in a spread specirum communications system,
comprising:
8 receiver unit configured to receive incoming messages;

a transmitter unit configured to transmit outgoing messages; and

a controller operatively coupled to the receiver and transmitter units, the

sontreller configured to:
recerve an indication of a particular call 1o be processed; and

instantiate a call control state machine of a type in accordance with

a type of the particular call, wherein the instantated call control state




a receiver unit configured to receive incom ng nessages; a transmtter \-)Upét
configured to transmt outgoing nessages; and a controller operati veIJ B 2004
coupled to the receiver and transmtter units, the controller configured
to. receive an indication of a particular call to be processed; and
instantiate a call control state mach'?ﬁe of a type in accordance with a
type of the particular call, wherein e instantiated call control state 1
3 FEB 2004 28 nachine is identified with and used to control processing of
the particul armaétihe is3%entdiel Wk ansLadd f%rboﬁf.roﬂg%é?s' &’of"ﬁ?@hﬁjﬁgulwe
controller is further configured to: receive an indfcatioh of an
addi ti onal calcal to be processed; and instantiate another call control
state machine of a type in accordance with a type of the additional call.
40. The base station of claim39, wherein the controller is further
confi gur @9, to: recehydae dhiitht o el 6! RASRIT S BALLIRY' Q' aefl) i and
rel ease thefcal !jtcontrol state machine for the partrcular cati FL )
coniigured to:

receive an indication of an additional call to be processed; and

instantiate another call control state machine of a type in accordance with
a type of the additional cal].

40. . The base station of claim 39, wherein the controller is further
configured to:

receive a directive to release the particular call; and

release the call control state machine for the particular call.



