|  METHOD AND APPARATUS FOR USER EQUI PMENT DI RECTED RADI O RESOURCE CONTROL
IN A UMI'S NETWORK [ 001] The present application relates to radi o resource
control between User Equiprment (UE) and Universal Terrestrial Radi o Access
Network (UTRAN), and in particular to the transitioning between nodes and
states in a UMIS network. [002] A Universal Mobile Tel ecommuni cati on System
(UMTS) is a broadband, packet based systemfor the transm ssion of text,

digitized voice, video and nulti-nmedia. It is a highly subscribed to
standard for thi METHGRAMD) ARPARATUS RMR?%@@%W&W%BAD@ded
Di vi sion Miultiple Access §E q OL IN A UNITS NETWORK a Radio
Resource Control (RRC) part of the protocol stack is responsible for the

assignment, configuration and rel ease of radio resources between the UE
and t he UTRARPITHING nregend peklisation relaterciodadip sesquncedeandiol betweem bsaidEquimaent

25. 331 speqguEh sad U e rlas] twlope f. ned
as "idle no e"b,a,nd_ @%ngkﬁgnneéf{gg@qﬁg%"ﬁ%m %%’ggpfgg'%kﬁ%’ﬂ?é“ﬁn al
Radi o Accesdanpifioning setweghaoder @ndistates ineddMil8detworkequest a RRC connect i on
whenever it wants to send any wuser data or in response to a page whenever
t he UTRAN or_the Serving GPRS Support Node (SGSN) pages it to receive data
from an ext &84 Addpixersal Mekile Talrgemisunication Bysteat (EVITS) idlacbreartbacd npraket d

node behavi 8kSePERtEH K&t ' i [Trayee : if.1 [,@r % 304
and TS 25. a3 o T SBTR RO RoneoglR Bk HR R Vg e A LARTedE Rl
in one of fBghlysyubseded tistandanfer thogoen@etipn Andisdienatalid besethereWideband

al l ocat ed t golibg DiffsibmMdRibld WcRBS (Wihnk in this state to exchange data.
The UE nust perform actions as ou%l i ne n 3GPP 25.331. CELL_FACH no

dedi cated channel is allocated to the user equipnent in this state.
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the cel | sefesepngpleferdbe gesigrmentf sondiguiations ampraieassof3adio résources between the
UE and the UTRAN. This RRC protocol is described in detail in the 3GPP TS 25.331
specifications. Two basic modes that the UE can be in are defined as “idle mode” and
‘UTRA connected mode”. UTRA stands for UMTS Terrestrial Radio Access. In idle
mode, the UE is required to request a RRC connection whenever it wants to send any
user data or in response to a page whenever the UTRAN or the Serving GPRS Support
Node (SGSN) pages it to receive data from an external data network such as a push
server. ldle and Connected mode behaviors are described in details in 3GPP
specifications TS 25.304 and TS 25.331.

[004] When in a UTRA RRC connected mode, the device can be in one of four states.
These are:

CELL-DCH: A dedicated channel is allocated to the UE in uplink and downlink in
this state to exchange data. The UE must perform actions as outlined in 3GPP
25.331.

CELL_FACH: no dedicated channel is allocated to the user equipment in this
state. Instead, common channels are used to exchange a small amount of bursty
data. The UE must perform actions as outlined in 3GPP 25.331 which includes
the cell selection process as defined in 3GPP TS 25.304.



CELL_PCH: the LIE uses Discontinuous Reception (DRX) to nonitor broadcast

nmessages and pages via a Paging Indicator Channel (PICH). No uplink

activity is possible. The UE nust performactions as outlined in 3GPP

25. 331 which includes the cell selection process as defined in 3GPP TS

25.304. The UE nust performthe CELL UPDATE procedure after cell

resel ection. URA PCH the UE uses Disconti‘huous Reception (DRX) to m)nitor
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bet ween the UE and t he UTRAN. 8)6 The problemw th the above is that even

if an application on the UE has corrpl eted it data transaction and is not
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I npl ement i ngbrnBEfidn. OMMe KRG RMALAsE Rl &Y UE!fsm one RRC state to another prior to
releasing the connection. The state transitions are typically triggered by data activity or
inactivity between the UE and network. Since the network may not know when the UE
has completed data exchange, it typically keeps the RRC connection for some time in
anticipation of more data to/from the UE. This is typically done to reduce the latency of
call set-up and radio bearer setup. The RRC connection release message can only be
sent by the UTRAN, This message releases the signal link connection and all radio
bearers between the UE and the UTRAN.

[006] The problem with the above is that even if an application on the UE has
completed it data transaction and is not expecting to any further data exchange, it still
waits for the network to move it to the correct state. The network may not be even aware
of the fact that the application on the UE has completed its data exchange. For example,
an application on the UE may use its own acknowledgement-based protocol to exchange
data with its application server which is connected to the UMTS core network. Examples
are applications that run over UDP/IP implementing their own guaranteed delivery. In
such a case, the UE knows whether the application server has sent or received all the
data packets or not and is in a better position to determine if any further data exchange is
to take place and hence decide when to terminate the RRC connection. Since the



such a case, the UE knows whet her the application server has sent or
received all the data packets or not and is in a better position to
determne if any further data exchange is to take place and hence decide
when to termnate the RRC connection. Since the 3 UTRAN controls when the
RRC connected state is changed to a different, |ess battery intensive
state or into an idle node, and the fact @hat UTRAN i s not aware of the
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bearers and associated circuit switched (C8) radio bearers A PDP Context is a logical

association between a UE and PDN (Public Data Network) running across a UMTS core
network. One or multiple applications (e.g. an e-mail application and a browser
application) on the UE may be associated with one PDP context. In some cases, one
application on the UE is associated with one primary PDP context and multiple
applications may be tied with secondary PDP contexts. The RRC Connection Manager
receives “done” indications from different applications on the UE that are simultaneously
active. For example, user may receive an e-mail from a push server while browsing the
web. After the e-mail application has sent an acknowledgment, it may indicate that it has
completed its data transaction, however, the browser application may not send such
indication. Based on a composite status of such indications from active applications, UE
software can decide how long it should wait before it can initiate a signaling connection
release of the core network packet service domain. A delay in this case can be
introduced to ensure that the application is truly finished with data exchange and does not
require an RRC connection. The delay can be dynamic based on traffic history and/or
application profiles. Whenever the RRC connection manager determines that with some
probability that no application is expected to exchange any data, it can send a signaling
connection release indication procedure for the appropriate domain (e.g. PS domain).



i ndi cation. Based on a conposite status of such indications fromactive
applications, UE software can decide how long it should wait before it can
initiate a signaling connection release of the core network packet service
domain. A delay in this case can be introduced to ensure that the
application is truly finished with data exchange and does not require an
RRC connection. The delay can be dynam c Based on traffic history and/or
application profiles., Whenever the RRC connection manager determ nes that
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data, it camseyy a signaling connection release indication procedure for
the appropriate domain (e.g. PS domain). 4 Alternatively it can send a
request for state transition within connected node to the UTRAN. [009] The
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[012] The present application further preferably provides user equipment adapted for
reduces battery consumption in a UMTS network, the user equipment having a radio
subsystem including a radio adapted to communicate with the UMTS network: a radio
processor having a digital signal processor and adapted to interact with said radio
subsystem; memory; a user interface; a processor adapted to run user applications and
interact with the memory, the radio and the user interface and adapted to run
applications, the user equipment characterized by having means for: monitoring, at the
user equipment, application data exchange; determining when no application on the user
equipment is expected to exchange data; and initiating, from the user equipment, a

transition to a less battery demanding radio resource control state or mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[013] The present application will be better understood with reference to the drawings in
which:

Figure 1is a block diagram showing RRC states and transitions;

Figure 2 is a schematic of a UMTS network showing various UMTS cells and a
URA;



user equi pnent, application data exchange; determ ning when no application
on the user equipnment is expected to exchange data; and initiating, from
the user equipnment, a transition to a | ess battery demandi ng radio
resource control state or node. BRI EF DESCRI PTI ON OF THE DRAW NGS (013] The
present application will be better understood with reference to the
drawings in which: Figure 1 is a block dﬁagram showi ng RRC states and
transitions; Figure 2 is a schematic of a UMIS network show ng various UMIS
cells and a URAFidgire BiigabbocB disgiramishogieg dhagaranms stages garn R&G/eorineatorst ages

in an RRC cg&p&gti on setup; Figure 4A is a block diagramof an exenpl ary
transition be en a CELL DCH connected node state and an idl e node
initiated by theFigiiRdMAds ediatknripgram ofian erémplast trwditioRibgtweerdBCES L aDBHock
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appar atus; Fiethade 5A is a bl ock diagram of an exenplary transition between

a CELL_DCH i nactjyi t. FACH, i nacti vi t o an_idl de initiated
by the UTRAN acobldibErs e Bk el RS g B fuddoth ¥R Earagr am of
an exenpl ar CELL dbEHtstaie comiasteimGid trafd@idn toraddle wdde @andrday todhe praseet
accordi ng to Lh%%ﬁ?’r esegt t”set hod; Figure 6 is a block diagramof a UMIS

pr ot ocol st A€ X 8&"8 % an exenplary UE that can be used in association

with the present Figue¢ BAds afvdk Biaguare oBan examplexetrgisiion beatesdr X CEGL_DEE i n
o o Mk SR HRAO0 P RRBICh e LT o oo
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Figure 5B is a block diagram of an exemplary transition between CELL_DCH
inactivity and an idle mode according to the present method;
Figure 6 is a block diagram of a UMTS protocol stack;
Figure 7 is an exemplary UE that can be used in association with the present
method; and
Figure 8 is an exemplary network for use in association with the present method

and apparatus.

DESCRIPTION OF PREFERRED EMBODIMENTS

[014] Reference is now made to Figure 1. Figure 1 is a block diagram showing the
various modes and states for the radio resource control portion of a protocol stack in a
UMTS network. In particular, the RRC can be either in an RRC idle state 110 or an RRC
connected state 120.

[015] As will be appreciated by those skilled in the art, a UMTS network consists of two
land-based network segments. These are the Core Network (CN) and the Universal
Terrestrial Radio-Access Network (UTRAN) (as illustrated in Figure 8). The Core
Network is responsible for the switching and routing of data calls and data connections to
the external networks while the UTRAN handles all radio related functionalities.

[018] In idle mode 110, the UE must request an RRC connection to set up the radio
resource whenever data needs to be exchanged between the UE and the network. This
can be as a result of either an application on the UE requiring a connection to send data,



vari ous nodes and states for the radio resource control portion of a
protocol stack in a UMIS network. In particular, the RRC can be either in
an RRC idle state 110 or an RRC connected state 120. [015] As will be
appreci ated by those skilled in the art, a UMIS network consists of two

| and- based network segnents. These are the Core Network (CN) and the
Universal Terrestrial Radio-Access Netwofk (UTRAN) (as illustrated in
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has a dedi castedzphysi cal channel allocated to the UE, typically requires
the nost battery power fromthe UE. [020] Alternatively, the UTRAN can
nove fromidle node 110 to a CELL _FACH state 124. Ina CELL FACH state no
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battery channel allocated to the UE, typically requires the most battery power from the UE.

[020] Alternatively, the UTRAN can move from idle mode 110 to a CELL_FACH state
124. Ina CELL_FACH state no dedicated channel is allocated to the UE. Instead,
common channels are used to send signaling in a small amount of bursty data. However,
the UE still has to continuously monitor the FACH, and therefore it consumes battery

power.

[021} Within the RRC connected mode 120, the RRC state can be changed at the
discretion of the UTRAN. Specifically, if data inactivity is detected for a specific amount
of time or data throughput below a certain threshold is detected, the UTRAN may move
the RRC state from CELL_DCH state 122 to the CELL_FACH state 124, CELL_PCH
state 126 or URA_PCH state 128. Similarly, if the payload is detected to be above a
certain threshold then the RRC state can be moved from CELL_FACH 124 to CELL_DCH
122.

[022] From CELL_FACH state 124, if data inactivity is detected for predetermined time

in some networks, the UTRAN can move the RRC state from CELL_FACH state 124 to a
paging channel (PCH) state. This can be either the CELL_PCH state 126 or URA_PCH

state 128.



power. [021] Wthin the RRC connected node 120, the RRC state can be
changed at the discretion of the UTRAN. Specifically, if data inactivity
is detected for a specific amount of tine or data throughput bel ow a
certain threshold is detected, the UTRAN may nove the RRC state from
CELL_DCH state 122 to the CELL_FACH state 124, CELL_PCH state 126 or

URA PCH state 128. Similarly, if the payldad is detected to be above a
certain threshold then the RRC state can be nmoved from CELL FACH 124 to
CELL DCH 122. [022] From CELL_FACH state 124, if data inactivity is
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the art, fmreselectbatd®CELL| PEHpeats peivover, INEUTRAN registration area, each will be
within the same UTRAN registration area 220, and thus a URA update procedurs is not
triggered when moving between 210, 212 and 214 when in a URA_PCH mode.

a

[026] As seen in Figure 2, other cells 218 are outside the URA 220, and can be part of
a separate URA or no URA.

[027] As will be appreciated by those skilled in the art, from a battery life perspective the
idle state provides the lowest battery usage compared with the states above.

Specifically, because the UE is required to monitor the paging channel only at intervals,
the radio does not need to continuously be on, but will instead wake up periodically. The
trade-off for this is the latency to send data. However, if this latency is not too great, the
advantages of being in the idie mode and saving battery power outweigh the
disadvantages of the connection latency.

[028] Reference is again made to Figure 1. Various UMTS infrastructure vendors
move between states 122, 124, 126 and 128 based on various criteria. Exemplary

infrastructures are outlined below.

[029] In afirst exemplary infrastructure, the RRC moves between an idle mode and a
Cell_DCH state directly. tn the Cell_DCH state, if two seconds of inactivity are detected,
the RRC state changes to a Cell_FACH state 124. if in Cell_FACH state 124, ten



idle state provides the | owest battery usage conpared with the states
above. Specifically, because the UE is required to nonitor the paging
channel only at intervals, the radio does not need to continuously be on,
but will instead wake up periodically. The trade-off for this is the

| atency to send data. However, if this latency is not too great, the
advant ages of being in the idle node and 8aving battery power outweigh the
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| n CELL_PCHn $IEtle PCPEstateVvi@6hiwer isoudé of inactivity bteyreatited Bsfuie evibe bacietonani ng
back to idlrﬁodrﬁ)nﬁﬂf 110. [031] In a third exenplary infrastructure, novenent
e

bet ween idle and connected node 120 is always to CELL DCH state 122.
After five seconds of inactivity in CELL_DCH state 122 the UTRAN noves the

RRC state t L F state 124. Thirty seconds of inactivity in

CeLLFaon P3fTc e adnREeushiIn U AT R RS pen | mods ant comnscted
mode 120 is always to CELL_DCH state 122, After five seconds of inactivity in
CELL_DCH state 122 the UTRAN moves the RRC state to CELL_FACH state 124.
Thirty seconds of inactivity in CELL_FACH state 124 results in the movement back to idle
mode 110.

[032] [n afourth exemplary infrastructure the RRC transitions from an idle mode to a
connected mode directly into a CELL_DCH state 122. In the fourth exemplary
infrastructure, CELL_DCH state 122 includes two sub-states. The first includes a sub-
state which has a high data rate and a second sub-state includes a lower data rate, but
still within the CELL_DCH state. In the fourth exemplary infrastructure, the RRC
transitions from idle mode 110 directly into the high data rate CELL_DCH sub-state. After
10 seconds of inactivity the RRC state transitions to a low data rate CELL_DCH state.
Seventeen seconds of inactivity from the low data CELL_DCH state 122 result in the
RRC state changing it to idle mode 110.

[033] The above four exemplary infrastructure shows how various UMTS infrastructure
vendors are implementing the states. As will be appreciated by those skilled in the art, in
each case, if the time spent on exchanging actual data (such as an email) is significantly
short compared to the time that is required to stay in the CELL_DCH or the CELL_FACH
states, this causes unnecessary current drain which makes user experience in newer



node 110. [032] In a fourth exenplary infrastructure the RRC transitions
froman idle node to a connected node directly into a CELL_DCH state 122.
In the fourth exenplary infrastructure, CELL DCH state 122 includes two
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made to Figure 3. Wien transitioning froman idle node to a connected node
various si gifdFl ngeierrncgds aow omtisdifdgkereriedlhen trbesitinnirg frifefasridiergodeoto a
glegyLS 3, bl mddetTBriBES SloRBlide arRFadls bMTRhd RedtoBEmEEL REBHR o

' Figure 3, the first item needing to be performed is an RRC connection set-up. As

indicated above, this RRC connection setup can only be torn down by the UTRAN.

[037] Once RRC connection setup 310 is accomplished, a signaling connection setup
312 is started.

[038] Once signaling setup 312 is finished, a ciphering and integrity setup 314 is
started. Upon completion of this, a radio bearer setup 316 is accomplished. At this point,
data can be exchanged between the UE and UTRAN.

[039] Tearing down a connection is similarly accomplished in the reverse order, in
general. The radio bearer setup 316 is taken down and then the RRC connection setup
310 is taken down. At this point, the RRC moves into idle mode 110 as illustrated in
Figure 1.

[040] Although the current 3GPP specification does not allow the UE to release the
RRC connection or indicate its preference for RRC state, the UE can still indicate
termination of a signaling connection for a specified core network domain such as the
Packet Switched (PS) domain used by packet-switched applications. According to
section 8.1.14.1 of 3GPP TS 25.331;



i ndi cated above, this RRC connection setup can only be torn down by the
UTRAN. [037] Once RRC connection setup 310 is acconplished, a signaling
connection setup 312 is started. [038] Once signaling setup 312 is
finished, a ciphering and integrity setup 314 is started. Upon conpletion
of this, a radio bearer setup 316 is acc ggllshed. At this point, data can
be exchanged between the UE and UTRAN. ] Tearing down a connection is
simlarly acconplished in the reverse order in general. The radi o bearer
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[044] Using the above, if the UE determines that it is done with the exchange of data,

for example if a "RRC connection manager’ component of the UE software is provided
with an indication that the exchange of data is complete, then the RRC connection
manager may determine whether or not to tear down the signaling connection setup 312.
For example, an email application on the device sends an indication that it has received
an acknowledgement from the push email server that the emaif was indeed received by
the push server. The RRC manager can keep track of all existing applications,
associated PDP contexts, associated PS radio bearers and associated circuit switched
(CS) radio bearers. A delay in this case can be introduced to ensure that the application
is truly finished with data exchange and no longer requires an RRC connection even after
it has sent the “done” indication. This delay is equivalent to inactivity timeout associated
with the application. Each application can have its own inactivity timeout. For example,
an email application can have an inactivity timeout of five seconds, whereas an active
browser application can have a timeout of sixty seconds. Based on a composite status of
all such indications from active applications, the UE software decides how long it should
wait before it can initiate a signaling connection release of the appropriate core network
(e.g. PS Domain).

[045] The inactivity timeout can be made dynamic based on a traffic pattern history
and/or application profile.



with an indication that the exchange of data is conplete, then the RRC
connection nmanager nmay determ ne whether or not to tear down the signaling
connection setup 312. For exanple, an enmail application on the device
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[049] Aiternatively, the RRC connection manager may take into account other factors
such as what state the RRC connection is currently in. If, for example, the RRC
connection is in the URA_PCH state it may decide that it is unnecessary to move to idle
mode 110 and thus no Signaling connection release procedure is initiated.

[050] Reference is made to Figure 4. Figure 4A shows a current UMTS
implementation according to the infrastructure “four” example above. As illustrated in

Figure 4, time is across the horizontal axes.

[061] The UE starts in RRC idie state 110 and based on local data needing fo be
transmitted or a page received from the UTRAN, starts to establish an RRC connection.

[052] As illustrated in Figure 4A, RRC connection setup 310 occurs first, and the RRC
state is a connecting state 410 during this time.

[053] Next, signaling connections setup 312, ciphering an integrity setup 314, and radio
bearer setup 316 occurs. The RRC state is CELL_DCH state 122 during this. As



There are two ways of acconplishing this. First is by changing the 3GPP
specifications to allow for the UE to request the UTRAN nove it to a
specific state, in this case the URA PCH state 128. [049] Alternatively,
t he RRC connection nmanager may take into account other factors such as
what state the RRC connection is currently in. If, for exanple, the RRC
connection is in the URA PCH state it mayl2decide that it is unnecessary to
nove to idle node 110 and thus no Signaling connection rel ease procedure
is initiatefusttdsdin FRgher £X)eke tive IBIUROVIRY frbrd RRT iie fol tAY tifedhatIhe Yadia
current UMI'E i npl epentation according to the infrastructure "four"” exanple
above. As i PFRIet PEERA I§ APPrRXEGIRYY Vo 35CRRAS @ thig £¥8PYhe hori zontal axes.
[051] The UE starts in RRCidle state 110 and based on | ocal data needing
to be transmtted or a page received fromthe UTRAN, starts to establish

an RRC connti®d] oRata is pediexplanderudt thatexample Fipuier4A s isRROIeyed featdubiva et up
310 occurs {JhatsecBRdh éri?ﬁs'ﬂagtraéﬁ% %téﬁsu%_ connecting state 410 during this

time. [053] Next, signaling connections setup 312, ciphering an integrity
setup 314, and radio bearer setup 316 occurs. The RRC state is CELL_DCH

state 122 dyikng i L Lustr din. Figure 4 ' r noving
fromRRC id esbPoAitﬂJed%%a} %Xﬁ%rldeg H‘ggtre 32?@’ nooé(;aét? ('asr%lei"s% Eghﬁbgg‘%ggp }f%?i mat el y
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Figure 4A this | hi eved.in,about . t fqur.seconds and js illustrated
by st op. 220 PEREREEYS i § PR Sota Ak RER S8 P ASEOTNENLIED <est i g
exchanged ekugtilidstatediimstEpridlentl 424C si gnal i ng PDU as required and thus
the radi o bearer is reconfigured by the network to nove into a | ower data

rate DCH state after approximately ten seconds. This is illustrated in
steps 422 q066Y 24 thd Bael data rakeDCIAWRIte HathmgligteeEH fot fiven®eh Bb&thdssat

recei ved for, seventeen seconds, af Wwhich point the RRC cgnnection is
rel eased by’”rﬁ'ﬁép?ﬁ&%%Bfﬁo@%ﬂom%’?'ef’ﬁ)@%y %ﬁé‘@t‘ﬁ"?{g "Rﬁ@pc@ﬁnecti onis
initiated in step 428, the RRC state proceeds to a disconnecting state 430

for approxi matelg forty mlliseconds, after which the UEis ina RRCidle
state 110. [057] Once the RRC connection is initiated in step 428, the RRC state proceeds fo a

disconnecting state 430 for approximately forty milliseconds, after which the UE is in a
RRC idle state 110.

[058] Also ifustrated in Figure 4A, the UE current consumption is illustrated for the
period in which the RRC is in CELL_DCH state 122. As seen, the current consumption is
approximately 200 to 300 milliamps for the entire duration of the CELL_DCH state.
During disconnect and idle, about 3 milliamps are utilized, assuming a DRX cycle of 1.28
seconds. However, the 35 seconds of current consumption at 200 to 300 milliamps is

draining on the battery.

[069] Reference is now made to Figure 4B. Figure 4B utilizes the same exempiary

infrastructure “four” from above, only now implementing the signalling connection release

[060] As illustrated in Figure 4B, the same setup steps 310, 312, 314 and 316 occur
and this takes the same amount of time when moving between RRC idle state 110 and
RRC CELL_DCH state 122.

[061] Further, the RRC data PDU exchange for the exemplary email of Figure 4A is also
done at Figure 4B and this takes approximately two to four seconds.



[058] Also illustrated in Figure 4A, the UE current consunption is
illustrated for the period in which the RRCis in CELL DCH state 122. As
seen, the current consunption is approximately 200 to 300 mllianps for
the entire duration of the CELL_DCH state. During disconnect and idle,
about 3 mllianps are utilized, assum ng a DRX cycle of 1.28 seconds.
However, the 35 seconds of current consunfition at 200 to 300 mllianps is
draining on the battery. [059] Reference is now made to Figure 413. Figure
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nobi |l e stays | e cel 122 results in si gnificant battery
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setup 314 and the radio bearer setup 316.

{065} During this setup, the UE moves from RRC idle mode 110 to a CELL_DCH state
122 with a RRC state connecting step 410 in between.

[066] As with Figure 4A, in Figure 5A RLC data PDU exchange occurs, and in the
example of Figure 5A takes two to four seconds.

[067] According to the infrastructure three, RLC signaling PDU exchange receives no
data and thus is idle for period of five seconds in step 422, except for intermittent RLC
signaling PDU as required, at which point the radio bearer reconfigures the network to
move into a CELL_FACH state 124 from CELL_DCH state 122. This is done in step 450.

[068] Inthe CELL_FACH state 124, the RLC signaling PDU exchange finds that there is
no data except for intermittent RLC signaling PDU as required for a predetermined
amount of time, in this case thirty seconds, at which point a RRC connection release by
network is performed in step 428.

[069] As seen in Figure 5A, this moves the RRC state to idle mode 110.



122 with a RRC state connecting step 410 in between. [066] As with Figure
4A, in Figure 5A RLC data PDU exchange occurs, and in the exanple of
Figure 5A takes two to four seconds. [067] According to the infrastructure
three, RLC signaling PDU exchange receives no data and thus is idle for
period of five seconds in step 422, except for intermttent RLC signaling
PDU as required, at which point the radiolbearer reconfigures the network
to nove into a CELL_FACH state 124 from CELL_DCH state 122. This is done
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5A. [072] ReAerence is now nade to Figure 5B. Figure 5B illustrates the
same infrastructure "three" as Figure 5A wth the sanme connection tinme of
about two seconds to get the RRC connection setup 310, signaling

connecti on RFRYPR3fLendeiip hew inidic to Faglire tHB. ﬁgu@sﬁmsmstma@n@earer set up
316. Further I?LC dal;“i%I PDU ?gchangeAZO take a pr_oxi‘matel% two to four
seconds. [O"?E‘jis RCUE Rires” g8 Fioug Ay DRhe pRe capiesiion dme sbguidwesepprds to

inactivity getne®RRO formksion $AG 310, s}giﬂbmig; dinBEtidrhgatd N2 IdgheBng Miegey i on
rel ease indi @[{) %’g%agéocedure isinitiated b as a consequence

y. the UE and
the RRC con radig bereiselyr 81 HEthesrRLG Aate; RIQU exghange 420 take

approximately two to four seconds.

[073] As with Figure 4B, a UE application detects a specific inactivity timeout in step
440, at which point the Signalling connection release indication procedure is initiated by
the UE and as a consequence the RRC connection is released by the network in step
448.

{074] As can be seen further in Figure 5B, the RRC starts in a idle mode 110, moves to
a CELL_DCH state 122 without proceeding into the CELL_FACH state.

[075] As will be seen further in Figure 5B, current consumption is approximately 200 to
300 milliamps in the time that the RRC stage is in CELL_DCH state 122 which according
to the example of Figure 5 is approximate eight seconds.

[076] Therefore, a comparison between Figures 4A and 4B, and Figures 5A and 5B
shows that a significant amount of current consumption is eliminated, thereby extending
the battery life of the UE significantly. As will be appreciated by those skilled in the art,
the above can further be used in the context of current 3GPP specs.

[077] Reference is now made to Figure 6. Figure 6 illusirates a protocol stack for a
UMTS network.



[074] As can be seen further in Figure 5B, the RRC starts in a idle node
110, noves to a CELL DCH state 122 without proceeding into the CELL_FACH
state. [075] As will be seen further in Figure 513, current consunption is
approximately 200 to 300 mllianps in the tine that the RRC stage is in
CELL_DCH state 122 which according to the exanple of Figure 5 is

appr oxi mat e ei ght seconds. [076] Therefor®®, a conparison between Figures 4A
and 4B, and Figures 5A and 5B shows that a significant anmount of current
consunpt i on[G78] eAs seeraincRigurtelt: tisbyY MG iacdistga CShwnbalk glane/ 610, RS atrohglakk

si gni ficant 11| be appreciated by those skilled in the art, the
above can fhﬁl’?@ﬁ %euﬁ?éggmie%%he context of current 3GPP specs. [077]

Ref erence is now nade to Figure 6. Figure 6 illustrates a protocol stack
for a UM k. 15 078],.As seen in Figure 6, the UMIS includes a CS
cont rol pl 2o 10V instBse e bt ot apratoesn st /A el W4 GR 6o,

W t hi n t hesacdels eeatphanetion Glenedetaccess stratum (NAS) portion 614 and an
access stratum portion 616 exist. [080] NAS portion 614 in CS control plane

610 includes a call control (CC) 618, supplenentary services (SS) 620, and
short messaf80keNnBgertotNd] 623 cdrdBLplaNAB1PREIHES aGhY comrdPBCCPEig, 0l pl ane

611 includes both nobilit nt and GPRS il managenent
(GW) 626. FyPrrme iy SPWE%&Z@S?%%P%%%%%\W W@@ESF 2] CC 618
provi des for call nmanagenment signaling for circuit switched services. The
session ma orti of .SM RABM 624 provi des for PDP cont ext
Sotivari on D83 LURS PRlon I AT PRSP LR TR T! Bk fiamhe Bonotl s SarEs e f or
qual ity of (MMyarceGPREgMSHIAY hizimagé®8ad (TIAm) a6 N Itfutedriitoudek SNYRARMBBR4
portion of tw%%%m 624 1s to connect a PDP context to a Radio Access

Bearer. Thi 624 i s responsible for the setup, nodification and
rel ease of radio bearers. [084] CS control plane 610 and PS control plane

611, in th e r at 16 sit on radio resaqurce control (RRC) 617.
e[O@E]C ol 6% provlfggs@or ca?i management signaling for circu% swtltched s(ervic S. 11he
session management portion of SM/RABM 624 provides for PDP context activation,
deactivation and modification. SM/RABM 624 also provides for quality of service

negotiation,

[083] The main function of the RABM portion of the SM/RABM 624 is to connect a PDP
context to a Radio Access Bearer. Thus SM/RABM 624 is responsible for the setup,
modification and release of radio bearers.

[084] CS control plane 610 and PS control plane 611, in the access stratum 616 sit on
radio resource control (RRC) 617.

[085] NAS portion 614 in PS user plane 630 includes an application layer 638,
TCP/UDP layer 636, and PDP layer 634. PDP layer 634 can, for example, include
internet protocol (IP).

[088] Access Stratum 616, in PS user plane 630 includes packet data convergence
protocol (PDCP) 632. PDCP 632 is designed to make the WCDMA protocol suitable to
carry TCP/IP protocol between UE and RNC (as seen in Figure 8), and is optionally for

IP traffic stream protocol header compression and decompression.



[ 085] NAS portion 614 in PS user plane 630 includes an application |ayer
638, TCP/UDP | ayer 636, and PDP | ayer 634. PDP | ayer 634 can, for exanple,
include internet protocol (IP). [086] Access Stratum 616, in PS user plane
630 i ncl udes packet data convergence protocol (PDCP) 632. PDCP 632 is
designed to nake the WCDVA protocol suitable to carry TCP/IP protocol
between UE and RNC (as seen in Figure 8)J6and is optionally for [P traffic
stream protocol header conpression and deconpression. 16 [087] The UMIS
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is the physical |ayer for communications. [089] While the above can be
i npl enented on a variety of nobile devices, an exanple of one nobile
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devi ce havi ng at rce an ata conmuni Cc on capabilities. UE 1100
preferably has the capability to communicate with other conmputer systens
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capabi liti et%’Figu:‘@fa ess Internet appliance, or a data conmuni cation

devi ce, as “exanpleés. [091] Wiere UE 1100 is enabled for two-way

comuni cation, it will incorporate a conmunication subsystem 1111,
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messaging capabilities, a wireless Internet appliance, or a data communication device, as

examples.

[091] Where UE 1100 is enabled for two-way communication, it will incorporate a
communication subsystem 1111, including both a receiver 1112 and a transmitter 1114,
as well as associated components such as one or more, preferably embedded or internal,
antenna elements 1116 and 1118, local oscillators (LOs) 1113, and a processing module
such as a digital signal processor (DSP) 1120. As will be apparent to those skilled in the
field of communications, the particular design of the communication subsystem 1111 will
be dependent upon the communication network in which the device is intended to
operate. For example, UE 1100 may include a communication subsystem 1111 designed
to operate within the GPRS network or UMTS network.

[092] Network access requirements will also vary depending upon the type of network
1119. For example, In UMTS and GPRS networks, network access is associated with a
subscriber or user of UE 1100. For example, a GPRS mobile device therefore requires a
subscriber identity module (SIM) card in order to operate on a GPRS network. In UMTS
a USIM or SIM module is required. In CDMA a RUIM card or module is required. These
will be referred to as a UIM interface herein. Without a valid UIM interface, a mobile

device may not be fully functional. Local or non-network communication functions, as



operate. For exanple, UE 1100 may include a communi cati on subsystem 1111
designed to operate within the GPRS network or UMIS network. [092] Network
access requirenents will also vary dependi ng upon the type of network

1119. For exanple, In UMIS and GPRS networ ks, network access is associ ated
with a subscriber or user of UE 1100. FO{ exanple, a GPRS nobile device
therefore requires a subscriber identity Todul e (SIM card in order to
operate on a GPRS network. In UMIS a USIMor SIMnodule is required. In
CDMVA a RUl MWelras legallrsersinedifiunclisififrasy) suthesemarpencyeallingf mey be availade,a Ul M
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approxi mately 64K of nenory an con and

ot her i nf or ifB2T§01153 such as identification, and subscrl ber rel ated
information. [093] Wen required network regi strati on or activation
procedures have been conpleted, UE 1100 may send and receive communication
signal s ovel093he Whenieqwiredinetgork segjstaationroe activation byocarureshavd b t hr ough
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such common recelver functions as si cat requency
conver si on, 1119 1 &ignaig fec@W@ﬁlWlanwﬂ@dﬂﬂﬁﬁhram wrmﬂbnllcetlorm&ﬂwonk 111Bereigupl| e
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conversion of a received Si g WS nor e ex conmuni ca @4n functi ons
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antenna 1118. DSP 1120 not es communi cation sig ut al so
provi des f o¥gnadeiei hedtransmitted anemqsaseed dsitding moBolatiex anqbbnaqodhdgdogaxmple

applied to by DSP 1120 and input to transmitter 1114 for digital to analog conversion, frequency up
conversion, filtering, amplification and transmission over the communication network
1119 via antenna 1118. DSP 1120 not only processes communication signals, but ailso
provides for receiver and transmitter control. For example, the gains applied to
communication signals in receiver 1112 and transmitter 1114 may be adaptively
controlled through automatic gain control algorithms implemented in DSP 1120.

[094] Network 1119 may further communicate with multiple systems, including a server
1160 and other elements (not shown). For example, network 1119 may communicate
with both an enterprise system and a web client system in order to accommodate various
clients with various service levels.

[095] UE 1100 preferably includes a microprocessor 1138 which controls the overall
operation of the device. Communication functions, including at least data
communications, are performed through communication subsystem 1111.
Microprocessor 1138 also interacts with further device subsystems such as the display
1122, flash memory 1124, random access memory (RAM) 1126, auxiliary input/output
(I/O) subsystems 1128, serial port 1130, keyboard 1132, speaker 1134, microphone



comuni cation signals in receiver 1112 and transmtter 1114 may be
adaptively controlled through automatic gain control algorithns

i npl emented in DSP 1120. [094] Network 1119 nay further comrunicate with
mul tiple systenms, including a server 1160 and other elenents (not shown).
For exanple, network 1119 may communicate wth both an enterprise system
and a web client systemin order to accorkfodate various clients wth
various service levels. [095] UE 1100 preferably includes a m croprocessor
1138 whi ch doé88 recdrerthasgevanabihicatipersabsyaterofi 14thend any other Gavicasibsgstemis
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conmmuni cat i 8K M croprocessor 1138 also interacts with
further device subsystens such as the display 1122, flash nenory 1124,
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t ransm ssi ocalovator ar askrsini cati on net wor k, and devi ce-resi dent functions
such as a calculator or task list. [097] Operating system software used by

the m croprocessor 1138 is preferably stored in a persistent store such as
flash memor POT]L 2@penatting bysi@y softvh@adel ®yahd aasgloprabyssomanss is préeMblyostored
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also preferably stored in read-only memory.

[098] As shown, flash memory 1124 can be segregated into different areas for both
computer programs 1158 and program data storage 1150, 1152, 1154 and 1156. These
different storage types indicate that each program can allocate a portion of flash memory
1124 for their own data storage requirements. Microprocessor 1138, in addition to its
operating system functions, preferably enables execution of software applications on the
mobile device. A predetermined set of applications that control basic operations,
including at least data and voice communication applications for example, will normally
be installed on UE 1100 during manufacturing. A preferred software application may be a
personal information manager (PIM) application having the ability to organize and
manage data items relating to the user of the mobile device such as, but not limited to, e-
mail, calendar events, voice mails, appointments, and task items. Naturally, one or more
memory stores would be available on the mobile device to facilitate storage of PIM data
items. Such PIM application would preferably have the ability to send and receive data
items, via the wireless network 1119. |n a preferred embodiment, the PIM data items are
seamlessly integrated, synchronized and updated, via the wireless network 1119, with the
mobile device user’s corresponding data items stored or associated with a host computer
system. Further applications may also be loaded onto the mobile device 1100 through
the network 1119, an auxiliary I/O subsystem 1128, serial port 1130, short-range



different storage types indicate that each program can allocate a portion
of flash nenory 1124 for their own data storage requirenents.

M croprocessor 1138, in addition to its operating systemfunctions,

pref erably enabl es execution of software applications on the nobile
device. A predeterm ned set of applications that control basic operations,
I ncl udi ng at | east data and voi ce communi tat i on applications for exanple,
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[0100] For voice communications, overall operation of UE 1100 is similar, except that
received signals would preferably be output to a speaker 1134 and signals for
transmission would be generated by a microphone 1136. Alternative voice or audio /O
subsystems, such as a voice message recording subsystem, may also be implemented
on UE 1100. Although voice or audio signal output is preferably accomplished primarily
through the speaker 1134, display 1122 may also be used to provide an indication of the
identity of a calling party, the duration of a voice call, or other voice call related
information for example.

[0101] Serial port 1130 in Figure 7 would normally be implemented in a personal digital
assistant (PDA)-type mobile device for which synchronization with a user's desktop
computer (not shown) may be desirable. Such a port 1130 would enable a user to set
preferences through an external device or software application and would extend the
capabilities of mobile device 1100 by providing for information or software downioads to
UE 1100 other than through a wireless communication network. The alternate download
path may for example be used to load an encryption key onto the device through a direct
and thus reliable and trusted connection to thereby enable secure device communication.



which is preferably a conpl ete al phanuneric keyboard or tel ephone-type
keypad, in conjunction with the display 1122 and possibly an auxiliary I/0O
device 1128. Such conposed itens nay then be transmtted over a

comuni cati on network through the comunication subsystem 1111. [0100] For
voi ce conmuni cations, overall operation o% UE 1100 is simlar, except that
received signals would preferably be outp Q to a speaker 1134 and signals
for transm ssion would be generated by a m crophone 1136. Alternative
voice or audio I/O subsystems, such as a voi ce message recording
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call related information for exanple. [0101] Serial port 1130 in Figure 7
would normally be inplenented in a personal digital assistant (PDA)-type
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port. An int erface is associated with serial port 1130. [0103] O her
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conmmuni cation between UE 1100 and erent systens or Vi Cces, vgm ch need
not necessaVirgi§ssROMEBYRERtoN nedyerkes. For exarrpl e, the subsystem 1140 may
include an infrared device and associated circuits and conponents or a

Bl uet oot hTM comruni cati on nodul e to provide for comrunication with
sinmilarly dR1RId{E @gpgwwmtqui@e‘sly with one of multiple Node Bs 806. Each Node B

806 is responsible for air interface processing and some radio resource management
functions. Node B 806 provides functionality similar to a Base Transceiver Station in a
GSM/GPRS networks.

[0106} The wireless fink shown in communication system 800 of Figure 8 represents one
or more different channels, typically different radio frequency (RF) channels, and
associated protocols used between the wireless network and UE 802. A Uu air interface
804 is used between UE 802 and Node B 806.

[0107] An RF channel is a limited resource that must be conserved, typically due to limits
in overall bandwidth and a limited battery power of UE 802. Those skilled in art will
appreciate that a wireless network in actual practice may include hundreds of cells
depending upon desired overali expanse of network coverage. All pertinent components

may be connected by multiple switches and routers (not shown), controlled by multiple
network controllers.

[0108] Each Node B 806 communicates with a radio network controller (RNC) 810. The
RNC 810 is responsible for control of the radio resources in its area. One RNC 810
control muitiple Node Bs 806.



[0104] Reference is now nade to Figure 8. Figure 8 is a block diagramof a
communi cati on system 800 which includes a UE 802 whi ch comruni cates through
a wreless conmunication network. [0105] UE 802 conmuni cates wirel essly
with one of nultiple Node Bs 806. Each Node B 806 is responsible for air
interface processing and sone radi o resource managenent functions. Node B
806 provides functionality simlar to a Bdke Transceiver Station in a

GSM GPRS networks. [0106] The wireless |link shown in comunication system
800 of Figure 8 represents one or nore different channels, typically

different r RIGR oci at ed cql s used

bet ween thew\;\n rg-zfrggs netﬁ\)/{\;c))rr{?:T gr}%@&%@pm&%%ﬁ ﬂérfc 0?%?%”35%5?0 @ﬁ%qsg used
bet ween UE Mloarﬁﬁnwodl@(BS@mnC[i@mm]GSAWGRR&heﬂmd{s Hewavdri am R&IC 8BEoUr ce
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a wirel ess wihawikvolvingltS@slangr3etiee may i ncl ude hundreds of cells

dependi ng upon desired overall expanse of network coverage. Al pertinent

conponents nay be connected by nultiple switches and routers (not shown),
control l ed BA18LTbe Mt@faqeexsadrblehmnwcaﬂel&ses abﬂ)m&] aﬁaslmnl‘tb@lmt@fa&a@os

conmmuni cat ex antrol ler 810, Th

responsi bl e \NEM?J d;(%ldé gPﬂ%Eﬁoqéq{ﬁgqng %Pr ééc fi H”ffga*’*&rté‘aég %ggﬁﬁé 1@10
control nul 8GBPéI'S\EﬁiéSBk/3810m (2202-0pPADIGFRT RPE 483 95i70 (MBS Nkt wor ks
provi des functions equivalent to the Base Station Controller (BSC)
functions in GSM GPRS networks. However, an RNC 810 i ncludes nore

intelli genc@WTh]cUutderrsg Téro&strmtﬁ&a{pioeﬂ,ccess Netwook SUTRANPIZY Somprvag e RINC

Wi t hout i nv %‘? 0110 he interface used between Node B
806 and RN 1 an %Ecgtlhg(@\%%@ réﬁ@kOIAn NBAP (Node B application part)
signaling protocol is primarily used, as defined in 3GPP TS 25.433 V3.11.0
(2002-09) F%,04- 1) 11 rrestrial
Radi o Acbel B ST a8 obisti o Al e o eREd ent ((Si6d Bao s S 1 he
Uu air i nt gstleceen@ider that places the calls, and takes and receives data from the subscriber or

from PSTN (not shown).

[0113] Traffic between RNC 810 and MSC 830 uses the Iu-CS interface 828. lu-CS
interface 828 is the circuit-switched connection for carrying (typically) voice traffic and
signaling between UTRAN 820 and the core voice network. The main signaling protocol
used is RANAP (Radio Access Network Application Part). The RANAP protocol is used
in UMTS signaling between the Core Network 821, which can be a MSC 830 or SSGN
850 (defined in more detail below) and UTRAN 820. RANAP protocol is defined in 3GPP
TS 25.413 V3.11.1 (2002-09) and TS 25.413 V5.7.0 (2004-01).

[0114] For all UEs 802 registered with a network operator, permanent data (such as UE
102 user's profile) as well as temporary data (such as UE’s 802 current location) are
stored in a home location registry (HLR) 838. In case of a voice call to UE 802, HLR 838
is queried to determine the current location of UE 802. A Visitor Location Register (VLR)
836 of MSC 830 is responsible for a group of location areas and stores the data of those
mobile stations that are currently in its area of responsibility. This includes parts of the
permanent mobile station data that have been transmitted from HLR 838 to the VLR 836
for faster access. However, the VLR 836 of MSC 830 may also assign and store local
data, such as temporary identifications. UE 802 is also authenticated on system access
by HLR 838.



[0112] Gircuit switched traffic is routed to Mbile Switching Centre (MSC)

830. MSC 830 is the conputer that places the calls, and takes and receives
data fromthe subscriber or from PSTN (not shown). [0113] Traffic between
RNC 810 and MSC 830 uses the lu-CS interface 828. Iu-CS interface 828 is

the circuit-switched connection for carrying (typically) voice traffic and
signali ng between UTRAN 820 and the core %oi ce network. The main si gnal i ng
protocol used is RANAP (Radi o Access Network Application Part). The RANAP
protocol i s [QE&H Packetdeiesssoigad troghbserviee GRRE: SQopart NedauBEGSI8Pas0. vBGEN can

be a MSC 83 ,g&];?u | ' el q 320.

RANAP pr ot oggwsi t§§ e ei“%gg)ei( n c@%ﬁ%a%{hgfg?%é%fﬂfk&V%ngwgﬁw

25. 413 V5. 720d srespprgible for deldgiiveryrof dhta ddeket8 02n argl otthe BEswiithin its net wor k

oper at or, d er. tofil I

Compor ary dgr oo ane et 3% eriat Spb Rfeed iRer ReABIL AR ind s

| ocati on re§P&tany ig tHemacBaigswilched agmeofiorafov caroeng &y picdlly) Liad@Hic addR 838 is
ueried to i i 802, Visitor Lacation

gegi ster (Vﬁgﬁgrn?%%%%%%fﬁ ??gg%{g%&og% cej"HEé}re Ofér rt‘JepmgI‘n ﬁ'%@ﬁ?&’on ar eas

and st ores Pipéocghtsedds RANAR (degolliddabsia) i ons that are currently in its

area of responsibility. This includes parts of the pernmanent nobile
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rout ed t hr otigh a8dhy internePRPrBapmtworkie.d EASBGN) is8aPne B a BEblid dath he

gat eway betw&gﬁm?}lﬁoquagﬂﬁeg%{cg network in a GPRS/UMIS network and is
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responsi bl e for the delivery a packets fromand to the UEs within its
geogr aphi cal service area. lu-PS interface 848 is used between the RNC 810

and SGSN i . t-sw tched,.conpection for carryin
(ot oal | y)PALIaNbseBKEE P AR Ut bt B SRRISE reBil e BRIt i cor e
dat a net wordthermyetemsi, posdign aiciuding gihatretwdrks.sed ekslicRiNABwhde Sijuredd Aabove) .
[0116] The i.cates.wmth the t ewa Suppor de (GGSN)
b0, oo B0 s S B SRRt e R 0T Rt R L3 ner
net wor ks  information on an ongoing basis, even if there is no actual packet data exchanged.

Although the network consists of many parts, these parts all work together to result in

certain behaviours at the wireless link.

[0118] The embodiments described herein are examples of structures, systems or
methods having elements corresponding to elements of the techniques of this application.
This written description may enable those skilled in the art to make and use embodiments
having alternative elements that likewise correspond to the elements of the techniques of
this application. The intended scope of the techniques of this application thus includes
other structures, systems or methods that do not differ from the techniques of this
application as described herein, and further includes other structures, systems or
methods with insubstantial differences from the techniques of this application as
described herein.



such as the Internet or private networks. GGSN 860 is connected to a public
data network PDN 870 over a G interface. [0117] Those skilled in art wll
appreciate that wirel ess network may be connected to other systens,

possi bly including other networks, not explicitly shown in Figure 8. A
network will normally be transmtting at very |east sone sort of paging and
system information on an ongoing basis, even if there is no actual packet
data exchanged. Although the network consists of many parts, these parts
all work together to result in certain behaviours at the wireless |ink.
[0118] The enbodi nents described herei4s are exanples of structures, systens
or nmethods having el enents corresponding to el enents of the techni ques of
this application. This witten description my enable those skilled in the
art to nake afdaims enbodi nents having alternative elenents that |ikew se
correspond to the elements of the techniques of this application. The

i nt ended scope of the techniques of this application thus includes other
structures, 1systamstiod forBinprodsg bavety mefomaincabffamebilé nmmctuﬁua@é&mh@mques of

this appllcat n descri bed herein, i ncl udes
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met hod for n %ﬁﬁc{fornanc% of a _nohile user equi pment used in
a mnrelesslﬁ ?‘Wﬁv ﬁ@3 94 oMmBrTng e SteRsb i “gﬁﬁWP@Te tates, the user
equi pnent capabl xecam‘mg i 1ﬁdlmt\bmgf<ﬁtambcufaagd doyhplakio frbh @i tl’&@}tﬂralﬂﬁbﬁ ons, each
of which isqﬁggab e,.of. ex
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fromthe ap@#m@aim@m&mmhahm #Q@ exchanged data in the RRC state, determ ning
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demandi ng Rife osthedeaf Odetdide@dion is hadkethndiapgice®in dnShdRecequlpaienmio appl i cation
on the user qukpnen% i S

expected to exchange data.

15
2. The method of claim 1, wherein the initiating step comprises tearing down a signaling

connection setup between the user equipment and the wireless network.

3 The method of claim 2, wherein the tearing down step causes the network to release a

20  signaling connection between the user equipment and the wireless network.

4. The method of any of one claims 1 to 3, wherein the wireless network is a Universal

Mobtile Telecommunication System “UMTS" network.

25 5. The method of claim 4, wherein the RRC state is a CELL_DCH state or a
CELL_FACH state.

6. The method of claim 4, wherein the RRC state is a CELL_PCH state ora URA_PCH
state.
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expected to exchange data. 15 2. The nethod of claim 1, wherein the
initiating step conprises tearing down a signaling connection setup

bet ween the user equi pnent and the wirel ess network. 3. The nethod of claim
2, wherein the tearing down step causes the network to release a 20
signal ing connection between the user equi pnent and the w rel ess network.
4. The nmethod of any of one clains 1 to 3, wherein the wreless network is
a Universal Mbobile Tel ecomruni cation System "UMIS" network. 25 5. The

met hod of claim4, wherein the RRC state is a CELL DCH state or a
CELL_FACH state. 6. The nmethod of claim4, wherein the RRC state is a
CELL _PCH state or a URA PCH state. 30 24 7. The nethod of claiml1,
wherein said initiating step conprises sending a nessage the wreless
network requesting transition to the other, |less battery demandi ng RRC
state or nmode. 5TR niqikodafichod | Ofheadiradain iditiatiigarepicomprives @hdieg a messsgebixt t ery

demandi ng state or node is .one of a LL, FACH, st at a,. P tate, a
URA_PCH st at &"irel5ps %qugfeéu??ﬂ%ﬁané'?’owgﬁﬁémdﬁs8?&8{9{ %ll"}%ml’?g grsglE n°§each of
the pluralitynsat. different applications that exchanged data with the
wireless network while in a RRC state is an active application. 10 10. The
nmet hod of any one of clainms Ito 9, wherein the user equi pnent further

conpri ses sa Radi oTiRas@kddcst climnt IveHereirfRRES th&soRizdatiérg dervmd mg etate or matle per f or ns

said receiving,.d r i, ni and_initiating 15 1 1..JThe method of
clai m 10, whePesh? éé‘ﬁdgléwarﬁ’ﬁ%r’%ﬂs}%@gStEtS’rﬁ)[ﬁ'iQ‘gE‘gc%gf“&roﬁia’h|‘d g"%en  no
application on the user equipnent is expected to exchange data based on a
conposite status_of the data exchange conpl etion i.ndications .received from
the applicatfons Tfl?d?e‘h%é’gﬁlé%édﬁﬁ%ﬂ"aeaﬂhogﬁ%ﬁﬁ yof ggﬂgfe"?@p cff‘o"?ﬁ & et hod

of claim1l, waRkgeddslewan MeWift@sOlerwdie WhilOind[RHC aat isan acivetaplicatsont

10
10.  The method of any one of claims 1 to 9, wherein the user equipment further
comprises a Radio Resource Control “RRC™ Connection Manager, that performs said
receiving, determining and initiating steps.

15 11.  The method of claim 10, wherein said determining step comprises determining when

no application on the user equipment is expected to exchange data based on a composite
status of the data exchange completion indications received from the applications that

exchanged data in the RRC state.

20 12.  The method of claim 1, wherein determining of when no application on the user
equipment is expected 1o exchange data is also based on a delay to ensure that the

applications that exchanged data in the RRC state no longer require an RRC connection.

13.  The method of claim 12, wherein the delay is a composite of a plurality of inactivity
25  timeout periods, each inactivity timeout period corresponding to a respective application that

exchanged data with the wireless network while in the RRC state.

14.  The method of claim 1, further comprising tracking each of the plurality of different

applications that exchanged data with the wireless network while in a2 RRC state.

30



equi pnment is expected to exchange data is al so based on a delay to ensure
that the applications that exchanged data in the RRC state no | onger
require an RRC connection. 13. The nethod of claim 12, wherein the delay is
a conposite of a plurality of inactivity 25 tineout periods, each
inactivity timeout period corresponding to a respective application that
exchanged data with the wireless network while in the RRC state. 14. The
met hod of claim 1, further conprising tracking each of the plurality of
different applications that exchanged data with the wireless network while
in a RRC state. 30 25 15, The nethod of claim 14, wherein the tracking
step further conprises tracking associ ated Packet Data Protocol "PDP"
contexts, packet switched "PS" radio access bearers, PS radio bearers for
sai d user equipnment. 5 16. The nethod of either one of clains 12 and 13,
wher ei n sai dislel afheinsetiayipachin Baghoein die ttackiigf tep fpaiter eqmprispssitagkiyg and/ or

application profiles. . Th ) of either. o fn&l ak: 14,
further conp ﬁs%ﬁ‘%ﬁ!e'%‘ﬁlée%éf'@;grog?cggl kiSRG L 81 e‘isﬁ'ﬂﬁegt ?érigrg%‘tgg%é%fbgggris’d RRC
state i s a URAuBHeatatiasaid Qsek8quinanser equi pnment adapted for reducing
battery consunption in a wireless network, the user equipnent having: a
radi o subsystem conprising a radi o adapted to conmunicate with the wirel ess
network; 45 g.r adihe nfpfie es&ter dnavi sigm 10iagd Balhatignad dgayis dgmoric kasetl adapt ed
to interact with_said tadio(ﬁubs%stenl a,nennry; a user interface; a

3P B

processor addpafc pasemistyy g {GUBPUBYT i cati ons each of which is

capabl e of 20 exchanging data with the wreless network; and an RRC .
of "dat a exchbhgs Wssee PRTFT B bR aF Strie SR bRyt BrRL R, Aot on
appl i cat i onssaidiatiatigtdpangRARRIasae wid URA RCHMtitel ess network while in a RRC
st at e, aﬂ?’ based on the data
18. A user equipment adapted for reducing battery consumption in a wireless network,
the user equipment having:
a radio subsystem comprising a radio adapted to communicate with the wireless
network;
15 a radio processor having a digital signal processor and adapted to interact with said
radio subsystem;
a memory;
a user interface;
a processor adapted to run a plurality of applications each of which is capable of
20  exchanging data with the wireless network; and
an RRC connection manager that is adapted and configured to: receive an indication
of data exchange completion from each of the plurality of different applications that
exchanged data with the wireless network while in a RRC state, and, based on the data
exchange completic;n indications received from the applications that exchanged data in the
25  RRC state, determine when no application on the user equipment is expected to exchange
data; and initiate a transition from the RRC state to another, less battery demanding state or
mode if a determination is made that no application on the user equipment is expected to

exchange data.

30 19.  The user equipment of claim 18, wherein the RRC connection manager is adapted to

tear down a signaling connection setup between the user equipment and the wireless network.



exchange conpl etion indications received fromthe applications that
exchanged data in the 25 RRC state, determ ne when no application on the
user equi prment is expected to exchange data; and initiate a transition
fromthe RRC state to another, less battery demanding state or node if a
determ nation is made that no application on the user equipnent is expected
to exchange data. 30 19. The user equi pnent of claim 18, wherein the RRC
connection manager is adapted to tear down a signaling connection setup
bet ween the user equi pnment and the wireless network. 26 20. The user

equi pnment of claim 19, wherein the RRC connection manager; is adapted to
cause the network to rel ease a signaling connection between the user

equi pnent and the wireless network bﬁ the tearing down of a signaling
connection setup. 5 21. The user equipﬁent of any one of clainms 18 to 20,
wherein the wireless network is a Universal Mbile Tel ecommunication

System "UMIS" network. 22. The_yser..equi n I: hert el e RRC
state is a C%?.’L_Iﬁl us§r SEuppEnt gf g I&ﬁﬁerégﬁﬁ%&%fact‘)g}?e%gg I%%rﬁgwi}gégpgawpnent
of cl ai m 22, casethenstwbiao RRGsest sgnelingcoancOfin beR@eh tieataw egripraent YRAMPCH st at e.
15 24. The user, equi nt_of clajm18, wherein th connecti on manager

i s configur eH“eléﬁg'eg'le’ﬁglf‘?’gtgﬁmfréngsdé’ﬁ’ﬂ ogé ' sag%%onP %Ctlﬁ'h% rel ess network that
requests @ transition to the other, |ess battery-demanding RRC state or
node. 25. The user, equi pnent of cl ai 8 reiLn .said.othe | .

bat t er y- demafldi ngt @t"ﬁ?@g‘ﬂ?mer’éﬁh}%ag‘e ﬁr’?scjraé'ﬁg&g(fﬁg’ ‘tfﬂﬁ‘_“_&ﬁﬁ’-ﬁe%fsa'}eg’?&lgséEL L_PCH
state, a URAURCHsSMIbRe Tele@mmilicatidngieem “PBATSThetwesier equi pment of claim
18, wherein each of the plurality of different applications that exchanged
data with the wireless network while in a RRC state is an active

appl i cation. 225 Zfhe uddiequig@ént 8OUMIRATRNheddin Mk RIRO st is WiGBLE DCHatate RRC
connecti on nanagg%vgg adapted to determ ne when no application on the user

equi pment¥i sCEk st exchange data based on a conposite status of the
dat a exchange conpl etion indications received fromthe

23.  The user equipment of claim 22, wherein the RRC state is a CELL_PCH state or a
URA_PCH state.

15 24.  The user equipment of claim 18, wherein the RRC connection manager is configured
and arranged to send a message to the wireless network that requests a transition to the other,

less battery-demanding RRC state or mode.

25. The user equipment of claim 18 wherein said other, less battery-demanding state or

20 mode is one of a CELL_FACH state, a CELL_PCH state, 2 URA_PCH state or an idle mode.

26.  The user equipment of claim 18, wherein each of the plurality of different
applications that exchanged data with the wireless network while in a RRC state is an active
application.

25
27. The user equipment of claim 18, wherein said RRC connection manager is adapted to

determine when no application on the user equipment is expected to exchange data based on
a composite status of the data exchange completion indications received from the
applications that exchanged data in the RRC state.
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applications that exchanged data in the RRC state. 30 27 28. The user

equi pnent of claim 18, wherein said RRC connection nmanager is adapted to
determ ne when no application on the user equi pnent is expected to exchange
data based on a delay to ensure that the applications that exchanged data
in the RRC state no longer require an RRC connection. 5 29. A conputer
program product for inproving battery life of user equipnment in a wreless
network having nmultiple radio resource control (RRC) states, the conputer
program product conprising a conputer readable medi um enbodyi ng program
code neans executable by a user equip t to inplenment the nethod of any
one of clains | to 16. 10 30. A Universal Mbobile Tel ecommuni cati on System
"UMIS' network conprising a plurality of user equipnents according to any
one of clai#s 17hkQsef8quipment of claim 18, wherein said RRC connection manager is adapted to

determine when no application on the user equipment is expected to exchange data based on

a delay to ensure that the applications that exchanged data in the RRC state no longer require

an RRC connection.

5
29. A computer program product for improving battery life of user equipment in a
wireless network having multiple radio resource control (RRC) states, the computer program
product comprising a computer readable medium embodying program code means
executable by a user equipment to implement the method of any one of claims | to 16.
10

30. A Universal Mobile Telecommunication System “UMTS" network comprising a

plurality of user equipments according to any one of claims 17 to 28.



