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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/EIA /IS-95-B
Mobile Station-Base Station Compatibility Standard for Dual-Mode Wideband
Spread Spectrum Cellular System” (collectively, the IS-95 standard), the
TIA/EIA/1S-98-A, -B, and -C standards entitled “Recommended Minimum
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Thus, techniques that allow for the concurrent processing of multiple
30 calls in a spread spectrum environment are highly desirable.
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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., I5-95 and 15-2000) 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



types, which are used to control the processing of the associated calls. In
an enbodi nent, one CC state.machine is instantiated for each call to be
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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
for 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 call
to be processed, a separate CC state machine can be instantiated. Upon
receiving a directive 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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i-nven2bora edll tontrol state machine for the part1cu1ar 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 controller can also receive
a directive to release the particular call and thereafter releases the call control
state machine for the particular call.
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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:



beconme nore apparent fromthe detail ed description set forth bel ow when
taken in conjunction with the drawings in which |like reference characters
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transmts data to nobile stations 106a and 106 on the forward |ink, base
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the solid line with the arrow indicates a data transm ssion fromthe base

station to the g, |Iesh‘b'fu%tdaih gramDéOK 8Prdald'% Mk&ﬁm&ﬁ‘gfﬁwnk%%@ﬂl es that

t he m)bl ece t he P ot s ut no
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35 shown i ryapber gf 1t'g]|ls $02athronugly . 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 106c¢, 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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25 In an embodiment, on the forward link, the data is partltloned into
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subsequently encoded. @ Depending on the particular physical layer
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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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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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 In state 312, the mobile station selects a- parhcular system to use. If the
25 selected system isan 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 is 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
actions. Upon initiating any of these actions, the mobile station transitions to a
system access state 318.



If the selected systemis a CDVA system the nobile station proceeds to
acquire and synchronize to the sel ected COMA system (i.e., to one or nore
base stations in the selected systenm). Once the nobile station has
acquired thWoM1366%i ng of the sel ected CDVA system it ent @F%'"’&“‘Pﬁ?ﬁ‘?:’l e
station idle state 316. In state 316, t’he nobile station is "on" but not

active. The nobith gtatd 318, %m@ﬂéb&hsn%eﬁa@h{égs Fesigle BH3e bBRIChUNGLS | i nk
for messages fromthe tﬁase 4 on. |If the no |Ietq_sl%§t|on 1.5 unahle to

recei ve t h& gagingd“cha e T 0 453 ase; stagopePhfifed t o
t he acti ve paging dlg’melfmrars@ttentpdtrtdoadcyss theebaée stativhe Thetexdmarget of ns to

Can T eosk Ve geoEag s pen B8 tE partaer o 5? %&“mat athhicatch (7 P‘S“Ff}f atton
registra (ﬂ?ma) ﬁgg g‘ amf?ngﬁ %Qﬁsﬁll?r"aaﬁ r%ﬂﬂ%‘&#@re

actions. Upnessags (iieat thegnabile sfatmhemebaaet stanen) tahd isudusbwbest i ifanher

transi ti ongietAl Belowy I 8 thé 8l oniSof AL Mddsd: 400k naN é%ﬂ?@{? KReds 9

In state 318,.the nmobile stalion se smess,a es ot IQn on one
or more ac cFﬂihﬁ%'i‘E“atﬂd %éétteeﬁ nffs2Q g @5HYe o fPRIRMMEAHOTS it B8 on t he
pagi ng champesforinad aitlthehpse statior oe procced Hoaesmcﬂ:tlatstaﬂbn dorgrahorhthege of

nmessages) i srad8PauERel s I QUM Voi ce,
5 data) bet }%le n%bgﬁgng g;;)temﬁ bﬁé@%%t‘gén%t ati rg@s%&{]hléﬁol%ogl nat or

of the éﬁ\%gﬁ‘\gt ﬁqh& offatien s assigned i3 forwasd gtraffic

descri bed ichamngl ¢l@he<!d%-t ail bel ow. Depending on the outcorre of the message
exchange, the Wﬁbsdatészat&téxﬁabﬂ@étaﬁ@ﬁ%ﬁn{&ub&é%%bﬁéé ctive’

communi cat i er e, bas t1on or proceed®to a
Cormi c ot WAD il elSorfSH] B erie drltihany ifpanetewanonaofc wth

t he bask¥ stcalﬂlutbﬁm@llte@tat@nmemyestatemaor to the transition to state 320,
the nobil e st at Thestate AGEhBRYAW APIE, 8 i hihhdrdeselIBRN ! e, ﬁlﬂ&&bl@a' . In
state 320, ﬁﬁAﬁQ?‘ﬂd %t ftlo%cqﬁm %‘é\tlg%g% Egtdg{eﬂ?gas statP sing the
est abl i shed 1.0f Wardoan % & & A B Tof the
15 cal |, t kONhbptendardateash ofether statesoshomat én FIG. 3Tisedefivede byna fstate shown
in FlG 3 ntachitiettherindRSies h Beehbied of Bebstaps.i cabl e CDVA standards (e.g., the

| S-95 | S-20 ds).,..For articul ar each of t he
stat es ‘Shown i nﬁgf (% %ggws %estatﬁéaa‘%ﬁ for zft"'een‘hﬁé i ?’ﬁ %‘ﬁc?"ﬁﬂ% a
nunber of somzolpn she praffig chanpel state 320.s Faom system mecdssrstater 3d8pupoment  of
mobi | e st aréceiving et dsgigned foMearttadtfié hARNRE bk Stadidf enfdr A tPMAE €M

~access st afg, 316 HM&¥1 ﬁt\‘{{erlﬁgr?gﬁﬁgﬁsﬁ ned forward traffic channel, the
' g

nobil e stati on enters a itialization 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 IS-2000

30 compliant system) or from the base station (for an I5-95 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.
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originated by the base station 1s recewed, 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, a mobile station idle state 516, and a system access state 518 that

correspond to power-up state 310, mobile station initialization state 314, mobile

station idle state 316, and system access state 318, respectively, in FIG. 3.
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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 calls.

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
long as there is at least one pending call. Upon termination of each call, the CC
state machine for that call is released and the mobile station determines
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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
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service opf§est Andle @gsigpment are accomplished using the servicé negotiation
- 25 procedures. An example of such procedures is outlined in the I1S-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 negotiation procedures
30 canbe 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:
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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.

25 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 originator 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 Dbetween 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

machine and for other CC state machines when there are no ambiguities. With
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transm ssion. |ISDN : The | SDN CC state machi ne type can be provided for
comuni cation with an | SDN network. 15 GSM MAP : The GSM MAP CC state
machi ne type can be provided for com‘rum cation with a GSM MAP network. In
the specifiwoem3esi ment shown in FIG voi ce CC state neRFWHWORASS
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318 (FIG. 3), the mobile station proceeds to traffic channel initialization substate

25 410, as currently performed by the IS-95 and 1S-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
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CON_REEF,, for the assigned service option connection.

In an embodiment, the service negotiation and the resulting

establishment of the service 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 estabﬁshed service option
connection. '

Upon receiving an Alert with Information Message that includes the

CALL_ID, assigned to this call, the mobile station transmons 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_'x. 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
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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 conversa’non
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




5 received by the nobile station. The CGeneral Page Message, Page Response
Message, and ECAM are exchanged and processed in simlar manner as
descri bed above for FIG 7. Upon receiving the ECAM th&cﬁg@% b{gz%gatlon
transitioWQ®Ghe traffic channel sgbstate. Upon recei Set up
Message, the nobile station instantiates a CC state machi ne of the
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nmobi | e spataeedsmmhmaras&@tdemnbedmbbwemﬁGIhbﬂheénﬂlm (dat a)
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ori gi nat vsk imybaridesigmeinige st ation. The di agram for the nobile station
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conmuni ¢ en n or a
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the CON
i nst 2%t | Messagg dmt. includes e as&gned C Type, th 1D,, an the

CON_REF,. Upon receiving the Call Setup Message,-_the mobﬂe station
instantiates a CC state machine 530 of the specified (voice) CC Type and
indexed by the specified CALL_ID,. The mobile station 'p:erforms a mapping
between the CALL_ID, and the CON_REF,. '

30 For this new mobile station originated voice call, the mobile station
transitions to conversation substate 536 and sends a Call Origination Message
that includes, for example, the dialed digits and the _CALL_IDX. The mobile
station then performs the service negotiation procedures. In an embodiment,
the service negotiation may occur prior to the mobile statidn 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



state machi ne 530 of the specified (voice) CC Type and i ndexed by the
specified CALL_IDX. The nobile station perforns a mappi ng between the CALL
1IDX 5 and the CON REFN. For this new voice call, the nobile station
transiti ons W34 ng for order subs gte 532 and can per fRETAVS0R@224%r vi ce
negoti ati on procedures. The nobile i on receives a Service Request
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(Voi ce) CC syt aMhe inPBAX Rthtlih HARSHRSC SeAc el BeStati on

erforns ag bet.ween t J r thls new
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i ?c![ udes, fGUnrﬁé@Méb ﬁ]thﬁt HichiRd tHe @I(tt)ﬁ Rﬁﬂ,ﬁttg%e%gasécpxs ﬁ% di i
stat i ongg e serV|c 0 i.oh procedure odi nmen
the serti c?ilwggoltw% fﬁ%‘gpawee%ﬁdttﬂé‘ WPBY%#FE&F endi ng the
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& ecord
that incl u@elk lﬁ%easasngw ISGNV ﬂzEFbaSEaﬂ’@hmmlaadam rgsponsptaeCall The
Fl ash v2% hRéleacd Mé&sage IRatPREIUGRE0M32CARL_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_REEF, to be released. Similarly, the physical channel may be released if
not needed to support any pending call.

D



I nf or mati on Messages may be exchanged between the nobile station and the
base station, in simlar . manner as that described above for FIG 9.
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response reQu@tlid reaévaebyamw&smgm drtthtin rébpbnsk;a (tédbRé]észelesaget he cal |
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procedur &% ol 88 ek5etard a%*atfbpﬂ‘e"&”t . ornﬁﬁ‘é‘*e"%éea’sm"“sﬁ‘ o cages are

exchanged® Mﬁ ﬁeesﬁ%'i‘&s ‘Gﬁ“gﬂ:cf‘stth@ f’e‘ggyﬂ‘fﬁq i:&Ic'irel fobi | e :

st ati on rBeahvbite statﬁmtheneeﬂaummnohkstagmvdle btatw®léser vice  configuration
~record that i @fd;s'deﬁ tm%gﬁ% BRSW 4 Qebef rﬁé@ﬁ&edma{ktmamatéé spédigd usi on of

t he servi,ce, ne | atio I Le ti on ece .V Ser vi Connect
Message VFPIETR frc}Be E%ﬁﬂ‘ﬁﬁ?sé‘fg %ha? rl}f’ 5|b&a“e§mtﬁ?fé CON REFN
to be2s elaeasrddncﬁvrﬂllmaslpgcttdfdhp yesngion. dhéﬁemt tymgs d cambingtions f

of messages can be used to effectuate the call processmg, 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 mobile station and base station can be implemented in one or more integrated
circuits, discrete components, or a combination thereof.  The controller 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
communications systems. The invention is applicable to spread spectrum



not needed to support any pending call. W 01/13669 PCT/ US00/ 22243 20 FIG
15 shows a diagram of the communication between the nobile station and the
base station for releasing the |ast voice call by the nobile station.

Wiile in coMQOVE%E] on substate 536 for,.this call, a call rRFEHSW2MBuest is
received fromthe user. In response, tzﬁe nobil e station enters call rel ease

5-subst at esys3éinsriiab edfendy Catist Balleasw Mpstemsothahalre | RARy! BenSALL | DX

of the ca re e mobi l e gtation.then receives I
Rel ease clc’)‘;r{ﬁ&‘?e%g‘gu .(‘f*n% ss“'@%@%ﬁs%% i describrd i A pigzementionsd HS i s ¢ he
| ast cal | , PatenbAppligation Sgrial dvo. 863886 nAaather KEEDMIAY systerh is idisctoskdf or t he
call can b theelf®rearativhed BI5. Patdi NISS. 201,807 #nd 5303i%e control (RRC)

rel at edgnessag n .10 particyl ar, . t.he bil e station sends g _Rel ease

O der. The nmobi & fﬁ%%?’ﬂg C{eﬁgw%%gghfeggger%féﬁé’gd@ﬁétﬁ 13 Rr‘P‘é‘gE‘gﬁ%e and,

t her eaf t er enable @njispersonnskilled it the art to tiakesomuse HAE prédefit ifGertioons a

d agram of Vafious EmiaERhS €9 HR8L BRI Be réldily %ﬁb@gﬂt td'thgdase
station fof. easi ng.the, l.ast voi ce.ca A nohrl sw.tching
center. V\hl%%ﬁ‘?ben%&r%‘bd[ hﬁﬁ%tﬂﬂ‘@%@%%@?ﬂfwl’%ﬂﬂ applied t@| ease
request i sother embediments nathivat éhe use obthednuentive faeajoynThus,athEpirbseRel ease
Messagao ti@entioe isidtinieA8ed - be 1iRMted tolthe eﬁﬁJoth@n@%h{)sz%eﬁgﬂ'butiﬁ sent to

re

t he nobil e tio The nobil e station, then epnters cal, ease substate
538 and seﬁhgégmsgﬁkd g&l3@@5*6%???r%ﬁ??%ﬁ“ﬂﬂggagﬁ PHAFiPles and dovieh e
CALL_| DX. feptiwes disrlesedshermin. 20 | ast cal |, the physical channel used for the
call can be released via an exchange of RRC rel ated nessages, in simlar
manner as Mg%idcﬁ?fﬁ%ei(fﬁg above for FIG 15. The nobile station then
returns to nobile station idle state 516. FIGS. 7 through 16 show a set of
diagranms that illustrates specific inplenentations of the call processing
by the nobile station and base station in 25 accordance wth an aspect of
the invention. Different types and conbi nati ons of nessages can be used to
effectuate the call processing, and this is within the scope of the
invention. The elenents in the base station and nobile station described
above can be inplenented in various manners. The receiver and transmtter
units of the 30 nobile station and base station can be inplenented in one
or nore integrated circuits, discrete conponents, or a conbination
thereof.. The controller of the nobile station can be inplenmented in one
or . nore integrated circuits, an application specific integrated circuit
(ASIC), a digital signal processor (DSP), a controller, a mcroprocessor,
other circuits and/or software designed to 35 performthe functions

descri bed herein, or a conbination thereof. The other




el ements of the nobile station and base station can be inplenented with a
conbi nati on of hardware and software in a manner known in the art. The

invention descrilbed herein can be applied to many spread,sSg '
comuni caY®HE3¥)st ens. The inventionpis applicable to s%r ea% %spe rum VO

01/13669 21 PCT/US00122243 systems that currentlﬂlmlmnmlmmﬂystens
that are continually being consi GLAIMS\ specifi descri bed
in the aforementioned U.S. Patent Application Serial®Nd. &8/ $63*386.

Anot her CDVA systemis d| sclosed in the aforementioned U S. Patent Nos.

4,901, 307 and 5, Agsethod. for proRessing ©58ios dnewe }SPP‘E}HTWS‘[H\EaﬁP’@a rred
enbodi Herﬁrﬁctrﬁnpédiﬂm@ﬁﬂzahﬁns snadih ghamethed sqnpsikingt ed in the art to make or

use the present C{,_Qs& hese enbodi nents wil |
be readily ap 5? %‘ﬁﬁi&g"e‘gﬁigﬁ%@@"?ﬁ% ?Fo an hf he generic
princi #l es definsfentiatingn salhgonisel sats| mehing forgha particlaaealle wherelnt hout t he
use of t hiheiiRMtaMidtu@ chld eontiol stalth uachirteds pdeattifiet] with and esed encoriralot

intendgg %ﬁé@%@tﬁgga}&dﬁ%ﬁ |rrents shown herein but is to be

accord e BB e CONS s ent with the r| nCItEI)nl es arll_lgaznOﬁel
features di sclaxsb@mmorme afétarﬁmnw
PCT/ USOOE22243 11111111 CLAIMS 12112211 1lijlL 1Ll "Il cLs 1. A

met hod for pr plg" ﬁH,ﬁ@ ently in a spread 2
spectrum com*rl(}flz’nel?1 896&%( ?ﬁ@’gg risin ec‘il ving an

i ndi caRi on of rscqsmua@tméwa@amp apadiditigpa)call 4@ e proge; %%ﬁdaﬂ? ating a call
control st ate ifstahtistind flothdérecafiavhiroldtate madhine folneheadditihal dallst ant i at ed

call control state machine is identified with and used to control 6
processing of the particula cglfq and exchangi ng one or nore data

t ransni ssi ons ¥ eihetteethod of g rther SPMPISING 5” The net hod of claim 1,
furthee conpr idetargninihg € seivideraption donsdecticni fom thé partiaudati callomdleraal | t o be

processe n | ng.#cng;{ Cifbrncittn GhdivhiiNeE of B e @ff Or t he
addi ti ong‘l’}l cgﬁ}vmh @5@% cﬁﬁh&%g e§| %féi further conprising: 2
det er nﬁn@@’%‘%ﬁﬂ'&% E‘P?Sb?’r“f or the particular call, wherein

the service option connect | on I ncl udes information indicative of a set. of
4 parameters i e Mafhd G cild 3, %éi@ﬁmhé%éﬁace tioreorifRtien! férfthe| ai m 3,

wherein the servi tion nnecti on articular call is
det er m#nelartg Sﬁﬁ‘ G{é ‘f&’@é}‘\?é’d%ﬁc&&ed %‘eE SR> et hod of claim 1,
further conpr|5|ng.

5. The method of claim 1, further comprising:

2 receiving a message indicative of a physical channel to be used for the
particular call. :

6. The method of claim 1, further comprising;:

2 receiving a directive to release the particular call;
releasing the particular call; and
4 terminating the instantiated call control state machine for the particular
call.

7. The method of claim 1, wherein the instantiated call control state
2 machine for the particular call is of a particular type selected based on a type of
the particular call.

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



2 receiving a nessage indicative of .a phmlllm"mmﬂmuﬂ be used for the
particular call. 6. The nmethod of claim1/}¥ I ng: 2 receiving
a‘directive to release the particular call; f el bas! ng tHfe particul ar call;
and 4 ternm WMA6P he i nstantiated cal |, control state nmachi®Gd/USBY22243%
particular call. 7. The nethod of clafftn 1, wherein the instantiated call
control state 2 machine for the particular call is of a particular type
sel ect ed based @n a,t of the particular_call . 8 _The nethod of claim1,
wherein the par ?l‘ CET%%R%BP? 9fscq3m€§'r chezeiny Eheam%“g'&ﬁfea[ﬁ?nso PE% call,
an | SDN 2almachine for@vicsson dateeall mmcBida® 01/ 13669 , ?CT/ USOQ 22243 23 9.

The method of claai dbnersdfibh eistibéth | Mliclive alg?d o€ abdridPNbE Obe;?ﬁtﬂgiﬁle 2
state

machi ne ,Ior a _vaice 8{ &%}a.call itnclﬁdes a conversation su
i ndi cat i Ve FSEURAMEST te yirqpidatgcall afid | oo ssions for the voice or
data call, and & relehsesubstatditdicadivierediterminationdf thervuicesir data odll.t he voi ce or
data call. 10. The nethod of claim9, wherein the instantiated call control
state 2 machi ne,f the voj ce or ta call further. incluydes a waiting for
or der substate.ﬁﬂ‘d%moéifogcmt 'gpergin thepstaptiated gall gonfrobstats,
message; 2 amaachingforithevéice ondatacall futtberinelidesi cative of a wait for a user
response 10 6 el So0brde Subilte. intleatilaCofM Bl BAR Rir £h il Lichtr L her
conpri swg:m%ﬁ&ggform n $er%l ce negotiation procedures to determne a
servi ce optl 8ﬂﬁéet?? MY the particular call. 12. The nethod of claim
1, further conpRiwaiting for ansvesrsithgtateninalicativefdf @ whitifores usedresponsevioi | e at
| east o ahé VoiceBRdam calendi ng. 13. The nethod of claim 12, further
conprising: 2 while on the traffic channel substate, exchanging a set of CC
related nessages to establish a newcall. 14. The nmethod of claim 13,
further conpristhgThemeshasdefglaim b furtheseomprisingegot i ati on messages to
establigh a ser peffermig!setVice AGFHRBIHOAProeddurbetd\@¥teiflire a service option
connection for the particular call.

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

13. The method of claim 12, further comprising:
2 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:
2 exchanging a set service negotiation messages to establish a service
option connection for the new call.

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

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

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



15. The met hod of jrlwll”mu H ”uthe CC rel ated nmessages are 2
exchanged i ndepend ce negotiation messages. 16. The met hod
of claiml, wherein the particular call is term nated at | e
station. - Y2488 et hod of claim 1, gherein the particul &f /ggqnﬁ%%
originated by a 2 mobile station. iTiiiiti111111hillhilliilll * CL MS WD
01/ 13669 PCT/ UJ&CEW foiéupp@:ung twet dradofeocalis ppourtrently inwsmieador e cal | s
concurge &,sssggt@ ﬂﬁ@ﬁ@ &ﬁé system t he net hod.
conpri si % rece| ving.an I ndi cfa to be processed; 4
deterni ni ng ar®4erdng aBRGEAHAHRh G%’EE R?HC‘E% e used for data

transnd ssi onsdeﬁ:m&ﬁm | & sfitsh gseavise topaiono nenmectionr to (Hey sised| for hdatael s to be
associ at ' ? irst service option connection; 8 mapping the first
call to t TS erV|ceot|on connect i on;. and tantiating, a call
controb st at e SHALHIINGE pEetORTEAT ‘BPE:@%F dwqe#et‘)f%%ﬁsoa&@ dwgith, 19, The
met hod ofthe:hﬁstserlr&edpﬂ’dtﬂmnneaiqm;l sing. 2 i nstant i ati ng a separate call

contr state f géﬁﬁ% essed. 20. The
met hogéof cl aln%%ﬁﬁ@&erﬂ% r co risin et erm i n nOER&

addi tional seinstantiasigiagallqe nEftF‘E’r% ¢hing,to cqnéxal prg S?Pa‘gé’ tﬂﬂfgﬁ?ﬁ\ ssi on;

and 410rampllng each active caII to one of the determned service option
connections. 21. The nethod of claim 18, further conprising: 2 receiving a
directive to rel ease I.cu releasing the particular call; and
4 rel easing tﬂé Wﬁ?‘?‘ﬁ‘?}eﬂmﬁhﬁﬂéﬁ‘ﬁ' (OMRSIRE machine for the particul ar
cal |. 22. Theinstaritiatingfa séparate2bll domtroh state anquhires foy: eazhdwibsequient ng whet her
a parti c%grtogggygcggsegpt i on connection mapped to the particular call is

al so mapped to | east one active call; and 4 releasing the particular

service option connection.if no active calls are mapped to the particul ar
servi ce opti oR0.cThemethashof claim 19, further comprising: '

2 determining one or more additional service option connections to be
used for data transmission; and '

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

21. The method of claim 18, further comprising:

2 receiving a directive to release a particular call;
. releasing the partiéular call; and
4 releasing the instantiated call control state machine for the particular
call '

22. The method of claim 21, further comprising: |

2 determining whether a particular service option connection mapped to
the particular call is also mapped to at least one active call; and
4 releasing the particular service option connection if no active calls are

mapped to the particular service option connection.

23. The method of claim 22, further comprising:
2 determining whether each of the one or more physical channels
associated with the released service option connection is associated with at least

4 one active service option connection; and _
releasing physical channels not associated with at least one active service

6 option connection.



23. The nethod of cl aunlmllll[uml'muﬂ nprising: 2 determ ning whether each
of the one or nore ph associated with the rel eased service
option connection is a3sotiated with*at | east 4 one active service option
connect i on; wona/18ébeasi ng physi cal chaggel s not associ at ed PRFUSOUR224355¢
one active service 6 option connectiorfn? 11111111 211211101 iii~ 111111 L N
WO 01/ 13669 PCrtUS00/ 22243 25 24. A nethod for processing one or nore
calls in a spre spectrum .2 conmuni cati ons system. the nmet.hod conpri sing:
sel ecting a par taﬁcugdl“eﬂl? i REREFSSIE & PE MY na ﬁB’fﬁafiﬁﬂeﬁé"‘gPpagi ng
channel 2orcommmahirationesystaye, thé neethod camprigingal | ;  est abl i shing one or nore
physi cal channelsgibffe d@haiddATMAShRAGEOA sysfRk B lisgf the one or mor e
ntro

calls; instantiatin all co tate chi ne OE’ each qof the one or
mre 8 #alls; & 4 PABDE syarnel for agleg faessass f & BEPPUng GIF ¢ he
est abl i shed one establishingoore phymoéoreaphysieal rdhannels cfoei data dransmiissiore £or on t o

rel ease g palhl ?H{:?(?]nectﬁjﬁb 12 releasing the instantiated call control
state machine tar t

) e particylar call in respgnse to e received
i ndi cation to rdhgaRigatinga @ﬁecqmqiééﬁtﬁfm%‘fh&i‘ or ea 8& € OPE OT &Nt | at ed
call con8radallstate 2 nmachine for a voice or data call includes a

conversation su t&%ﬁ Ig%eggg el S%f%legogﬁe& fg‘%éé) EalPse.?v‘Erscﬁé Q&Eblis‘hed one

transm ssi ons for a rel ease substate I ndicative

of ternitRatPrgROBFPRYFCal hal@els data call. 26. The method of claim 25,
wher ei n t he i nstrardiviagat indichtiom to reddass hyiaeticiilameatinand for the voice or

data cahh I urtNGEichlifiy iehotntiidd (8 doRtrof SAR! matIBRE I At AN QP 2
wait for an alert wt 4 1.nfornati on measq&tg to process the volce or data
call, and d™EFRIE T Bie raFR n@%{o&tgr ative of a wait for a user
response to 6 the voice or data call. 27. The method of claim 24, further
conprising: 2 i @8NtiHe/inBthdefsf clfim LASwABRIR thé MitartiBltbd cifl tBn@olfihfue cal |
|dent|f|§r. 28.. ng mat,hoda(ff c%]gln}m, wherei n each of the exchanged
messages ZmF‘ﬁl'H“EJ & yqiee orata cfLqudes; of the call for which the message
i s destined. 29.a Acomyvkisatiomnisubstatea indicatiste s péctar uperiashnohi pexmissiblesyst em
* 4 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 25, wherein the instantiated call control state
2 machine for the voice or data call further includes

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

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

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

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

29. A mobile unit in a spread spectrum communications system
2 comprising:

a receiver unit configured to receive incoming messages;
4 a transmitter unit configured to transmit outgoing messages; and



2 conprising: a receiver unit configuredumlmﬂﬂﬂ"]ﬁmgmi ng messages; 4 a
transmtter unit configured to transmt O§ ; and CL MS W
01/ 13669 T/ USQCQ 22243 26 a controller operact i Vel y cOupf edrélir] 8’5%23 receiver’
and transWoid3seednits, the 6 controjder configured to ret %’

i ndication of a particular call to be processed, 8 instantiate a call
control st at eaiBstibllé dpetativety eripled td the reediver andhizaresniitteh enits)shent i at ed
call Cé)ntro% ﬁ%re}:tgﬁ elaitge is identified with and 10 used to control

pr ocessi ﬁ&‘n P e particular. call, and exchange one or mpre nessages
related to the par¥eceiyean irdiration of a particylar el 9 Resprogasbed, ansnitter units.
30. Thg nobil e uniinsehtiateah eal9conttulr state ifachivenforofbeepartivulanr ¢diier 2

configured to_recej i ndi cat | | L . . essed, and
4 instanti at ewiﬁ”%aéﬁ? Jlng%é‘?ﬂ{éz@ (%;ncgﬂ r %@%%@%éﬁﬁﬁé Fgcrl ta\ﬁﬁg‘gﬁ)‘gddi tional
cal | .1B1. Theusasbio aoninel pragessingwithe partigilarcgall, and controller is further 2

configured to receé»&aﬁ?edbﬁéesi hi&e&ﬁbséﬁ%@&&htédl&) fisy particlbir caBllvia and 4
rele the cgll cantrol, state 'tpe or the particular call. 32. A

mobi [ € unit i ea"'eg‘ftﬂ’%raad'l Spectrum conrmuni cati ons system 2 conprising. a
receiver unit configured to receive incomng nessages; 4 a transmtter unit
confi gured to3g.r amisénisholdlet gAitnGf aRaRAARE Swharth dhe contileeris dpethat | vel y
coupln%’d to the r(%cei ver and transmtter units, the 6 controller configured
to i e g‘érega?l processi ng state machine that inclydes 8 an
initialization st ateseivaindieationofen addifional gallto ke prasesssiad on with a
particul ar spread mpaatiatenanoadiditional i calls contzdle Btatd Omachideefart dhe

i ndi cative of per | of nonitoring of a paging channel, 12 a system
access state rndicative of a period of accessing a base station, and 14 a
traffic state indicative of processing of at |east one active call,

wher ei n each artiYike endbilei anitsafo clairhe?d, wvhérein dhé | cootnollenlis Suether machi ne.

2 configured to

receive a directive to release the particular call, and
4 release the call control state machine for the particular call.

32. A mobile unit in a spread spectrum communications system
2 comprising: '

a receiver unit configured to receive incoming messages;
4 a transmitter unit configured to transmit outgoing messages; and

a controller operatively coupled to the receiver and transmitter units, the
6 controller configured to implement a call processing state machine that

includes
8 an initialization state indicative of a period of synchronization

with a particular spread spectrum communications system,

10 a idle state indicative of a period of monitoring of a paging
channel,

12 a system access state indicative of a period of accessing a base
station, and

14 a traffic state indicative of processing of at least one active call,

wherein each active call is associated with a call control state machine.

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



33. The nobile unit of “ n the traffic state machine 2
includes ITINTETTITI '““\lmmi \“‘Hm MS C WD 01/13669 PCT/ USOOR2243
27 a traffic channel infti%lization substate indicative of data 4

transm ssi onwvmor/séef f i ¢ channels, a traffic channel subst atRETVUSH0R22MI ve of

data transmission for a 6 partlcul ar @4l1, and a rel ease substate
| ndi cative of term ngt P Of a 3 Ilg, unit of
claim 32, wherein the contro P Hflﬁgﬁaﬁon con g%lrdé %e |°lr%stCFFﬁ| ate a

call confrol st é?aélsmm%ntrafﬁ@aennelw | being pr ocessed wher ein the
i nstantiated cal | coatﬂr@ﬂﬁcsdlﬁhﬁelnﬁﬁiytﬁe indictive cRditaCbmmisdiohyiR sel ect ed

based onga type g}ﬁl%lﬁ& L_ﬁl e| ng processed. 35. The nobile unit of claim
34, vvhereln thepc o fol state machine 2 for a voice or data call

i ncl udes a waiting farelspsesubsiatsingicative@f terminatien obthagiartitular call. al ert
with 4 8nformation nessage to process the voice or data call, a waiting
for answer substate indicative of a wait for a user 6 response to the
voi ce or data call, a conversation substate indicative of indicative of a

period of 8 pePfi sThe|mobile it oficaim B3y whereipothe controbieraisc fittherand a
cal | rel2asenfiguiegt & anstafiiget i W@IOtorkiesI sl iAliciihe BF 4h CAIPbeing? data

call. processed, wherein the instantiated call control state machine is of a particular
4 type selected based on a type of the call being processed.

35. The mobile unit of claim 34, wherein the call control state machine
2 for a voice or data call includes
a waiting for order substate indicative of a wait for an alert with

4 information message to process the voice or data call,

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

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

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



