|  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 systdmfor the transm ssion of text,
digitized voice, video and nulti-nmedia. It is a highly subscribed to
standard for thi METHEOTEAND ARPARATIUS ERRAISHR ¥ CHHBNMENTDWECIEDRADEDded
Division Multiple Access RESIBIRECE GONBROLANEA UMTS RETWORK a Radio
Resource Control (RRC) part of the protocol stack is responsible for the
assignment, configuration and rel ease of radi o resources between the UE
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dedi cated channel is allocated to the user equipnent in this state.
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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. Inidle
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. |dle 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 outiined in 3GPP 25.331 which includes
the cell selection process as defined in 3GPP TS 25.304.



messages 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 Discontinuous Reception (DRX) to nonitor
broadcast messages and pages via a Pagi ng I ndi cator Channel (PICH). No
uplink activity is possible. The UE nust perform actions as outlined in
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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 fink 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



to take place and hence decide when to term nate the RRC connection. Since
the 3 UTRAN controls when the RRC connected state is changed to a
different, less battery intensive state or into an idle node, and the fact
that UTRAN is not aware of the status of data delivery between the UE and
external server, the UE is forced to stay in a higher data rate and
intensive battery state than the required 3tate or node, thereby draining
battery life and wasting network resources. [007] The present system and
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domai n. A de¢argrsi andtdsisscists eircainsvatched (CS) 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 simuitaneously
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 fraffic 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).



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. Wenever the RRC
connecti on manager determnes that with some probability that no
application is expected to exchange any data, it can send a signaling
connection rel ease indication procedure fot the appropriate domain (e.g. PS
domain). 4 Alternatively it can send a request for state transition within
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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 1 is a block diagram showing RRC states and transitions;

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



[013] The present application will be better understood with reference to
the drawings in which: Figure 1 is a block diagramshow ng RRC states and
transitions; Figure 2 is a schematic of a UMIS network show ng various UMIS
cells and a URA; 5 Figure 3 is a block diagramshow ng the various stages
in an RRC connection setup; Figure 4A is a block diagramof an exenplary
transition between a CELL DCH connected nbde state and an idl e node
initiated by the UTRAN according to current nethod; Figure 4B is a block
di agr am showi ng drigersecdisizaplyck diagraint stowilethesarioags stefdd in BEHRRC abenantionect ed

node transi }149 .to an idle node according to the present nethod and
appar at us; gure S5A is a block diagramof an exenplary transition between
a CELL_DCH i nacthigutedA & =ablQEH dia§raGHbfi amateimyildry tiaositom betiveemadiELiLn DG+t ed
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accordi ng t onethed;present nethod; Figure 6 is a block diagramof a UMIS

protocol stack; FHi: CAYARES lary . .UE that can be used in association
B ch the prosent FaareREs' SRR SUEAR! Fiohindel BRmBRY GRRLeBPlReRR ee i n

associ at i on GklihDOhestpieamenectad trivdd traasitiom fupar @iteLrs odOESORIIRT tdONe Present

PREFERRED E :MﬁNI . Reference is now nmade to Figure 1. Figure 1 is
a bl ock di ag@?r%s ovmé%éa %ﬁlé vari ous nodes and states for the radio

resource control F;imlrlei%isetfblgclqo:ﬁ@gr_equ agitexekplany aandidh®eetsws ICELLNDCH
Conneot ed_ s{ EeLiT38 = Taiay AR Rk R e SiEimote 5 Bnbed BinfRed noine
art, a UMIScusentoréthedinsi sts of two | and-based network segnents. These are
the Core Netwvorkg{{h) sand atdl]c?cklﬂ?ééll'glrwwso?lan 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 1108 or an RRC
connected state 120,

[015] As will be appreciated by those skilled in the art, a UMTS network consists of two
fand-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.

[016] 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,



Terrestrial Radi o- 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 handl es all
radio related functionalities. [016] In idle node 110, the UE nust request
an RRC connection to set up the radio resource whenever data needs to be
exchanged between the UE and the network. @his can be as a result of
either an application on the UE requiring a connection to send data, 6 or
as a result wfastaresWEchtbailUfonbnitbrag pagigivgy cHarnelab indicatadhetabetheheteN ot he

UTRAN or SN t E to receiyve data fr n external data
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RRC connection to be in. Specifically, the RRC connected node 120 incl udes
four separat t adhese are CELL CH. s 2 LL FACH st ate 124,
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power fromthe UE. [020] Alternatively, the UTRAN can nove fromidl e node
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cont i nuousl ptatem24.or the FACH, and therefore it consunes battery 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 speci {018l atGRLL_BEHtstate 122, ald¢dicdtad obmyinelis dietaied & therttaion bbtr eshol d

the. CuLL FALpIrEn bR S e S b ey b evir g PR = 1

Simlarly, thatietalpapieddd thesUBetypicalyoretoirdrethalmoose battery power from the UE.

[020] Alternatively, the UTRAN can move from idie mode 110 to a CELL_FACH state
124. In a 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.



certain threshold then the RRC state can be noved from CELL FACH 124 to
CELL DCH 122. [022] From CELL_FACH state 124, if data inactivity is
detected for predetermined time in sone networks, the UTRAN can nove 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. 7 [023] From
CELL_PCH state 126 or URA PCH state 128 thé UE nust nove to CELL_FACH
state 124 in order to initiate an update procedure to request a dedi cated
channel. This is the only state transition that the UE controls. [024]
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triggered when moving between 210, 212 and 214 when in a URA_PCH mode.

[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 periodicaily. The
trade-off for this is the [atency to send data. However, if this latency is not too great, the
advantages of being in the idle 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 a first exemplary infrastructure, the RRC moves between an idle mode and a
Cell_DCH state directly. In 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



nove between states 122, 124, 126 and 128 based on various criteria.
Exenplary infrastructures are outlined below. [029] In a first exenplary
infrastructure, the RRC noves between an idle node and a Cell DCH state
directly. In the Cell _DCH state, if two seconds of inactivity are detected,
the RRC state changes to a Cel| FACH state 124. If in Cell FACH state 124,
ten 8 seconds of inactivity are detected fhen the RRC state changes to PCH
state 126. Forty five minutes of inactivity in Cell PCH states 126 w ||
result in tHecRRES dftractvioare digtastasiihen tha IRE staideharnides th B8] state 265 Eound
exenplary i I

110 and sonmecy e qtngg i CHERTH baReCRR A fofuiHERaR, A MofinadBEE

i nfrastruct e &le mpdeHd0payl oad is bel ow a certain threshold then the UTRAN
noves the RRC state to CELL_FACH state 124. Conversely, if the data is
above a certain payload threshold then the UTRAN noves the RRC state a
CELL DCH st d030]1122a SBﬁOW%@XW@mmfraStrﬂctaset. RRE trawsitianf canvascat brivesn aif idle
inactivity t BAN, J1®V

state to CEqufEL&dFACH state %tggwmfdt er ﬁe\%ﬁ%@é?gﬁgoaﬂacUWt [?,Sthggg?cﬁ@‘:
CELL- FACH strftastructare, ifiilee pApad imbeloy a hertaiRireshwibtheo tr@EUTRnNHns\zeattbe 126.

| n CELL_PCHrgi@b@idl foet w;@i%éte@tzd }’éeﬁ%ff%eedéts 560% DA FIRANI

back to idle e 110. [031 na third exe ary 1 nfrastructure
bet ween i di éhraied el the INEANeroveriie RRO siate aIGEéersDbe SCEE12BCH Beateson@?.

Aiter five %ﬁi%@ﬂgétu@ lf't\ﬂé‘%hd{%é ¥f lh%ﬁtv&fﬁk—%@a M E&Z%éﬁgtag%\lt@ves the

RRC state to CELL FACH seconds of Tmactivit LL FACH
state 124 r&FRANToRes e RS stasnto BRI RACH dlate 12 dbfter fige nmsg@ of inaetivitpin t h

exenplary i i

connect ed rrgrfje(raéélﬁlf ggpqﬁ?%{‘%ﬁﬁ&ﬁfm%éj@?zhéeh%%%é 2 (ﬁEeLr[‘fD'our t ﬁaexerrpl ary
infrastruct! m@ELbﬂ@H@éle 326itteo hears giinagtely araceguilsddetare sovirgeack e tdle
includes a e [9pate 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 exenplary infrastructure, the RRC transitions fromidle node 110

directly i n!{ﬁ’,ﬁ e, Skafy dahidrdl rﬁra%m@qﬂo%'rgeglt t?éhﬁeerﬁdeeggﬁiel%&i@ SR Of

inactivity RRC state transitions ata rat state.
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 resuits in the movement back to idle
mode 110.

[032] In a fourth 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



Sevent een seconds of inactivity fromthe |ow data CELL_DCH state 122 result
in the RRC state changing it to idle node 110. [033] The above four
exenplary infrastructure shows how various UMIS infrastructure vendors are
i npl enenting the states. As will be appreciated by those skilled in the
art, in each case, if the time spent on exchangi ng actual data (such as an
email) is significantly short conpared to®the tine that is required to
stay in the CELL_DCH or the CELL_FACH states, this causes unnecessary
current draigenetstioh nemiceiss sigeraseXPTE ivensethan impi®TgeBeragen asRlorisutatasor ks
such as UNW%ng se than in prior generation networks such as GPRS. [034]
Further, altho éh the CELL_PCH state is nore optinmal than the CELL_FACH
state froma battery |life perspective, the DRX cycle in a CELL PCH state is

typically s t | o val eg#:ulrn geidl.e node 110. As a u t he UE
i s requi redei{’%‘”\/\/}lygmﬁb\gﬁé?%g% tﬁ? Zﬁ?{: ﬁtﬂtet'%@oﬁiﬁff%m%@?grﬁahhph{ an

i dl e node. [s@8&frofhebaliedy MehbesdpmictvantiidDRX[IgXecy alGELS] FiCHdtateds typakalpiett he
idle state i.s_likely t t.imal trade bet n ttery life and | atency
for Cconnect 1GR HGwaUlran R 1Enedd PRE ALa PRUATEE Wisstidtey o frafRie ciisin
It is thereff@geentlysn trebCELL dPCHIERE thahnimasidie eedéo the idle node as

qui ckly as possible after an application is finished with the data exchange

froma battery |life perspective. [036] Reference is now nade to Figure 3.
When transi §83f]i MhefURmn REH stitewibddRX cacle cionilpetttad: sfaskeidikastaeus lilkdigthal | ng

dd i : f i | 3, fi .
" em neadi ngPTEeLERBLE Skt PEiy R addTa Rhit BY i hesfiof Fougver; (. bbBGs
above, this cmtpjmmenppwiQGSsethmthANont: igtf@efbm@sdamlt@mumklg triaf & to the37]
T5 1o st ar Lot ds el e BieCAE B enpSon AR nS QPR GHbATS, and

integrity sébopa Ballery $fe retrspectiek. Upon conpl etion of this, a radio bearer
setup 316 is acconplished. At this point, data can be exchanged between
the UE and UTRAN. [039] Tearing down a connection is simlarly acconplished
i n the revei{®8] oRdfarendens ngeneadd to Figerer hdWwhehdansitiorsied trpm3itGidieambdkianm down

and then th connection setu 310 .i.s taken down. At this pgint. the
RRC noves i ﬁ?@%&ﬁ@%@%\@fﬁﬁ sighajing %%qog%tﬁgan?%ctlons need é be made. ﬁe}%rﬁng to
Figure 3, the first item needing toc 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;



Figure 1. [040] Al though 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 term nation of a signaling connection for a
specified core network domain such as the Packet Switched (PS) domai n used
by packet-sw tched applications. According to section 8.1.14.1 of 3GPP TS
25.331; 10 The signaling connection reledfe indication procedure is used
by the UEto indicate to the UTRAN that one of its signaling connection
has been rel easedlhe signaing cosettioe ral@asei inditation ;ira'tetduaé @ Usbe bl}ZIR@ gBRect i on

rel ease procedure, T tayi.n n the current 3GP

speci ficati ons, P‘B%%*F%%B“egm@%&ﬁg?&f Q%E'Q”alwoﬁae‘ﬁﬁf‘ﬂaétb@a“ (eFeethe
teari ng down of thes siogadure Mgaydo ure ddifiae tseRRE cdhiectioh rélgayd placedurehe
ability of the UE to tear down signaling connection setup 312, and this in
turn according to the specification "may" initiate the RRC connection

rel ease. | 04&41]A3Tmislsltayﬁ3'tg Wit el Aredt BgPPRpsEificdtiohs, ethraling benraktion tdease

si gnal i ng copnec set u 12 is torn.down, the UTRAN will gl so need to
ol san up dodipns PBSEPR e GarbS colhgp TS kg eaT belot et R S T vib e
t he signal i nige emhm@tﬁtﬁedn\Ewtwpdmszbashr@&&mnta@trdm @AWB12, bﬁéﬁiis inftugi gnal i ng
connecti ons set is tarn.down, ,the nection s is typically
br ought dowd°H Hﬁqﬁ ﬁ%etw)eic 'c?tborn Elﬁyré“ﬂta*%d%? Cﬁf"?%fi??ﬂ% es. [044] Using
t he above, if the UE determnes that it is done with the exchange of data,
for exanple connect i o na onent of the UE soft

brovt ded Wit RIaAS G 2R A iley PRE Shis TR B it Sontmsten soRbrss”

t he RRC conieoti down,the BIFE&ANwY atkatrm’emtﬂelewh%hmrcipﬁénm‘g)zﬁnd otdgeiar sedans12 he
signaling c n For _exa maj | i cation on the
devi ce sendgggﬁg%ﬁr gé@#%ﬁﬁ%ﬁ%thﬁ&gﬁg egté‘?f‘ seiler g@ﬁ%ﬁf%ﬁé@%ﬁw?'r om
the push email server that the enmail was |ndeed received by the push
server. The n can keep trac f.all exigti applications,.
associ at ed confast@%?ng C%nnegg?rgstseéu':b 1?5&?6‘ o4 B}esﬂigﬁcfgﬁg?g@f’aq?g@ Rircuit
swi tched (Gjcathatraughedovar by tha rdéhay fonrcuriensveardeintrastriturent r oduced to
ensure that the application is truly finished with data exchange and no

| onger requires an RRC connection even after it has sent the "done"
i ndi cati on. [0A4] s Udelgaie ebowy ifitvalUEndetdroningsatodt ivistdpnt wite ok easage af e¢gta, Wi t h

ool D! C2tdrfampBRif'a FRRE'ERAEBN FhaGEH SolnioBn e WEAGE shihale'it FRctitlea 7"
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 email 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. PS8 Domain).

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



an emai|l application can have an inactivity tinmeout of five seconds,
whereas an active browser application can have a tinmeout of sixty seconds.
Based on a conposite status of all such indications fromactive
applications, the UE software decides howlong it should wait before it
can initiate a signaling connection rel ease of the appropriate core network
(e.g. PS Domain). [045] The inactivity tirfdéout can be nade dynani ¢ based on
a traffic pattern history and/or application profile. 11 [046] Wenever

t he RRC connection nanager determ nes with some probability that no

application js..e cted chan of data, it can send a signalin

cohnect on AbFEaABREIGHEr AR BR aﬂwnﬁa?rcéq%%maefp%'mm%wgﬁﬁﬁ“w.tg?tm]
The above Uapipmatnbaﬁmaeb@lsm exthah@e bflliganpeeh mgmrnglcanwoﬁtr@g@seof
the RRC connected nod s illust %‘héed in Figure 1 and ends up having

the network " ‘éﬁ“é’ﬂ?éocteﬁgr € SRREW BB URY noving to a idle node 110 as

illustrated in Figure 1. This is also appllcable when the UE is performng
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rel ease pr O?é%%fagechqrﬁopp%g gg to E%S@?alfzg? ﬁ&@ﬁgﬂnﬁg\sﬂpﬁorﬁe (§PdN¥e Fi gure
4A shows a startesaatredWESto bmdm@rrrenrsaidrefembm:meihmgodnaeﬁhe moterrasH lstact:é.ure
"four" exa e abo | ustrate ur.e ros e
hor | vontat SREE R S et bf aSpRiTio I st Fubechentnd Tha 3oBR rPRa LAl oan
| ocal data reathwigrthe W to request the UTRAN move it to a specific state, in this case the

URA_PCH state 128.

[049] Alternatively, 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.

[051] The UE starts in RRC idle state 110 and based on local data needing to 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



transmtted or a page received fromthe 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 12 illustratedl2n Figure 4A, the tine for noving
fromRRCidle to the tine that the radio bearer is setup is approximtely
two seconds iliustrafeidin Examplda, tHelbdd fdPaicvircsirdte RREMRN NG time Itiattiheraianpl e

Figure 4A this is achieved in fQur seconds and is illustrated
bygstep 420%9[?"5?355] fR @rap(ﬂ’é‘?xé{“?a@g’g%@ﬁgﬁ@é({f 'PW'%FWW?O no data i s being

exchanged except for intermttent RLC signaling PDU as required and thus

the radio bearer is reconfl%ﬁed bP/ the network to nove into a | ower data
rate DCH st dP¥Haflta? s 8xqheneed-y Nt esapelgddgureVd is is aphipyved inabedt we

steps 422 angifi#decdd8@hdlidiitdiritéP¥pstcfald. rate DCH state nothing is
recei ved for seventeen seconds, at ~which point the RRC connection is

rel eased by the network in step 428. [057] Once the RRC connection is

initiated i t te 430
For approxi 1oty orets!inBrRaesd  oPheR i & RindSRaRRrbicg B8 P 12
state 110. [Ue®)iltentsy. $tgm@mg£@ﬁasm@isrgdraedﬂm thﬁeadfbweremecanﬁgsr@drbm on
is illustr att!’?éjnétQ/BrI@tg%ov%qﬁﬂo%dlobv@r %\h%‘te@@f—l% Fﬁer 8%@%@1 ﬁ%?ﬁo‘?ﬁd;22

As seen, the current consunption IS —approxi mate i anmps for
the entire dbisdsilbptraed imseset?2 ci¥24.ate. During di sconnect and idle,
about 3 mllianps are utilized, assuming a DRX cycle of 1.28 seconds.
However, the 35 seconds of current consunption at 200 to 300 mllianps is
dr ai ni ng on[05& Hratmedm\yer J<0% edte RETHestatecothiag cheiaetefdreeﬁrgemes@Bndfiagure

4B utilizes 0 0 bove, only now
i npl enent i ng\;'\;hfbﬁé)%m gna ?’f%)%@éﬁ'r?gg% ?egn e;dcoéﬂé%nel[wﬁébr ﬁépar%f?ust rated in
Figure 4B, the same setup steps 310, 312, 314 and 316 occur and this takes
the sane a f tinme n _mying bet 110 an
CRLL D of 1T 1 Dot R ARTRgonts e A alenedsba SR Reale roseinis &
exenpl ary ed‘&bd)mﬁctlﬁg §tatecd 3o sp@bsimately forty milliseconds, after which the UE is in a

RRC idle state 110.

[058] Alsoillustrated 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.

[058] Reference is now made to Figure 4B. Figure 4B utilizes the same exemplary

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.



done at Figure 4B and this takes approximately two to four seconds. 13
[062] The UE in the exanple of Figure 4B has an application specific
inactivity timeout, which in the exanple of Figure 4B is two seconds and
is illustrated by step 440. After the RRC connection manager has

determ ned that there is inactivity for the specific anount of tine, the
UE rel eases the signaling connection setup3in step 442 and the RRC
connection is released by the network in step 428. [063] As illustrated in

Fib gu; ezgg, t t[hgz}g urrrrelet{JE irCHB SHEPpIe0sT H@uﬁﬁm Mﬁa@dht gélfaﬁ SHeeific mb.%ﬁwiy&m%duk,l
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state resul t | n tter savings for an a
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"three". As with Figures 4A and 4B, a connection setup occurs which takes
approxi mately two seconds. This requires the RRC connection setup 310, the

si gnal i ng cqoeBCiasQussatddin Figure 4Ee 116d ahaint e&s@%nbﬁlh@mg fng cragt werH3dédpand
the radi o bearer setup 316. %)peﬂ‘ Durin hIS setup, the UE novés from RRC

idl e node 1182i%stY 9@9&12%9 lamps o Meratmngfs@t@ toamiserty ahpukeigpt 410
in between. sEOGRk. A Wil bbprﬁbﬂtgdeoy“tﬁosé §k|||%|dgH'EH°e aﬁmﬁé&r&%@aﬁ%%amﬁt

occurs, and in the exa ure 5A takes two to four seconds. [067]

Accor di ng t 8' e thel’iﬁﬁed@gg'éﬁzﬁta)’%mttﬁ? el DRHetale JRAIresifs F’Dﬂg@’fd%ﬁﬁﬁaﬁefyecel ves

no data andatigsior anlaflsfoprumpasiies of five seconds in step 422, except
for intermttent RLC signaling PDU as required, at which point the radi o

bearer reconfigures the network to nove into a CELL_FACH state 124 from

CELL_DCH st pd63 12&%feré—rﬁue$|sln8wdﬁé& o'Figh®rs. 5 QR&)s hRetdiR Slaktnid Gkl fleat €
124, the RLica:‘j SI] nal i nrgq! PDU exchange ?I nd s%g{etheresl se no data except for

i nt er ni t t ent"BECULGHATIP3iEd BbRYSRS ggeirydyer Greer peavitioHiaset anhline of

time, in thb§nﬁ‘e%§@n E&tlip LYo e GPRMSakdla Maﬂé@‘tﬂfb sRchits. Cﬂf‘é‘%&!ré’@th’é@i@@se
by network is perfornmed. in step 428. 69] seen in Figure 5A, this

moves t he R%ge[cg?résgtap pap eth%@@alinﬂ)confgctlon setup 312, the ciphering and lntegrlty
setup 314 and the radio bearer setup 316.

[065] During this setup, the UE moves from RRC idie 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 RL.C 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 PBU 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.



[070] As further seen in Figure 5A, the current consunption during the DCH
node is between 200 and 300 mllianps. Wien noving into CELL _FACH state
124 the current consunption |lowers to approxinmately 120 to 180 milli anps.
After the RRC connector is released and the RRC noves into idle node 110

t he power consunption is approximately 3 mllianps. [071] The UTRA RRC
Connect ed Mbde state being CELL DCH statel422 or CELL FACH state 124 |asts
for approximately forty seconds in the exanple of Figure 5A [072]
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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 HM™Qr&hbBITRARRBR O icatddMbde staieeingOHEL IHOH staw es2 b0 a
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whi ch according to the exanple of Figure 5 is approxi mate ei ght seconds.
[076] Therefore, a conparison between Figures 4A and 4B, and Figures 5A and
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[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 illustrates a protocol stack for a
UMTS network.



[079] Wthin these three planes, a non-access stratum (NAS) portion 614 and
an access stratumportion 616 exist. [080] NAS portion 614 in CS control

pl ane 610 includes a call control (CC) 618, supplenentary services (SS)
620, and short nessage service (SM5) 622. [081] NAS portion 614 in PS
control plane 611 includes both nobility managenent (MM and GPRS nobility
managenent (GW) 626. |t further includes!SM RABM 624 and GSMS 628. [082]
CC 618 provides for call managenent signaling for circuit swtched

servi ces. THers]se@syeen iMARAGE BERE LPATS irRiudel a3 BARNI 6Rhe [B10VP S esntfdd blaibP
cont ext actl ti o dea t| v i on and nodification. SM RABM 624 al so

provi des fofP 3 il negoti ation. [083] The main function of

t he RABM portion of t he Sl\/! RABM 624 is to connect a PDP context to a Radio

Access Bear T RAB i s responsible for setu nmodi fication
and rel ease?@%g]r g&iﬁ@ %easreep'ﬂ g @ R@Sﬁ‘?ﬁsoﬁtram”&ﬁ@x‘% 6Hanchit r of

pl ane 611, iabcddRastratpessrtish6abvst16 sit on radio resource control (RRC)
617. [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
exanpl e, ingdsoje NAB@tioeE1PMatDeohtrd bRhe d10%luddecess ohfralt(am) 616, in PS

user plane 630 i ncl udes pack a conver gence roto ) 632. PDCP
632 i 5 desi GRRFTE R e &%@%ﬁ%ﬁ%@&ﬁ%ﬁﬁ%sﬁ S CIS A
protocol between UE and RNC (as seen in Figure 8) and is optionally for

P traffic a r ot Ssi on 087
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reside on the g@gf?ge and the User Equi pnment. [088] The Layer 1 (L1) UMIS

| ayer (physfa %F; 650) is below the RLC/ MAC | ayers 640 and 650. This

| ayer is the physical layer for comunications. [089] Wile the above can
one.

be i npl emantﬂ%g o] f bi | e devices,  an, exa . ile
dovi oo 1 o ol B R ks B PR antodTae il o KERBrSHeEy SOToRr it
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).

[086] 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 optionaily for

IP traffic stream protocol header compression and decompression.



to Figure 7. [090] UE 1100 is preferably a two-way w rel ess communi cati on

devi ce having at |east voice and data comruni cation capabilities. UE 1100
preferably has the capability to comrunicate with other conmputer systens

on the Internet. Depending on the exact functionality provided, the

wirel ess device may be referred to as a data nessaging device, a two-way

pager, a wireless e-mail device, a celluldf tel ephone with data nessaging
capabilities, a wireless Internet appliance, or a data comuni cation

device, as [egAMHRSUMTEREdioNIEK Sobliroi1R00) 680 8@ ReBRinf Afcds¥WTuNRY (MAC)
comruni cat i gn, |g aé\%l I éngor?o ate a corrrr%ﬂl cation subsystem 1111,

i ncl udi ng boMFrRORLENVRE datetiok sibriayets oHae M et ragipinterfagrs aggbiesidgon the
associ at ed RNPabENLSd HellsarEqQipenept, nore, preferably enbedded or internal,
antenna elenents 1116 and 1118, |ocal oscillators (LOs) 1113, and a

processi ng nodule such as a digital signal processor (DSP) 1120. As wl |
be apparent [088]t Thea agki 1 [Led UMTS REer (phedich! Rfyef 650US bEiBiv tRORLCIMAC layers
parti cul ar ﬁﬁl gagﬁ) F{pe comunl c%o%] subsystem 1111 will be dependent
upon the comftuf on "RERRE NP RNYRIFR FAYER & $8U G0t ended to  oper at e.
For exanple, UE 1100 may include a communi cati on subsystem 1111 desi gned
to operate wthin the GPRS network or UMIS network. [092] Network access
requiprement %aﬁl |W@E§Be@ PYP ?Pé%‘&?ﬂ%“ﬁﬁ%%of‘ ﬁé/af'%é’f%wbﬂ%?%??@’ aR £XgMPior
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subscri ber user ,of UE 1100. For exanple, a GPRS nobile device therefore

;
requires a ?%ﬁﬁ’é'é?i?ber identity nodule (SIM card in order to operate on a

GPRS network. In UMIS a USIMor SIMnodule is required. In COVMA a RU M

card or nod i ired., These wll be referred tp as a U Minterface
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interface 1144 is ,nornall sim'J%r to a card-slo“ﬁi nto which a, card can be
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ot her infor g%r%&gs 1153 such as identification, and subscriber rel ated

[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 skilted 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 COMA 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



information. [093] Wen required network registration or activation
procedures have been conpleted, UE 1100 may send and recei ve conmuni cati on
signals over the network 1119. Signals received by antenna 1116 t hrough
conmmuni cation network 1119 are input to receiver 1112, which may perform
such common receiver functions as signal anplification, frequency down
conversion, filtering, channel selection did the like, and in the exanple
system shown in Figure 7, analog to digital (A D) conversion. A/D
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i nplemented in DSP 1120. [094] Network 1119 may further conmunicate with
mul tiple systems, including a server 1160 and other elenments (not shown).
For exanpl e [0983t Wiindn b iBedmaatwokveyisiratdreor aunt/énohcptrdsbeaur@maeém@ese system
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T per for im cOTRTERN ST dtdnedd BF amdororien (noBaE2Yt KEP SeOREBreRs may
provi de "r esigdantd betransmitted boeprbusgsiet pinsluding modulation and encoding for example,
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 also
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
(1/0) subsystems 1128, serial port 1130, keyboard 1132, speaker 1134, microphone



Not abl y, sone subsystens, such as keyboard 1132 and di splay 1122, for
exanple, may be used for both comrunication-rel ated functions, such as
entering a text nessage for transm ssion over a conmuni cation network, and
devi ce-resident functions such as a calculator or task list. [097]
OQperating system software used by the m croprocessor 1138 is preferably
stored in a persistent store such as fladh nenory 1124, which nmay instead
be a read-only nenory (ROM or simlar storage el enent (not shown). Those
skilled in t1M86ad shom-tdnge appihacicatiend Hiafsystbe PRSIALIang oMEs detibe SPIRGAfehts

devi ce applicatignsg, .or rt ereof, may be tenporarily |oaded into a
vol atile mﬁﬁPﬁraﬁhﬁﬁS‘%’?ﬁﬁﬁ il% Recei ved communication signals may al so

be stored in RAM 1126. Further, a unique identifier is also preferably
stored inr =0 menory., [098] As shown, flash nmenory 1124 can b
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Voi ce conmusaicalitoonr apRlisicati ons for exanple, 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

or gani ze an{97napgeatidgisgsteirestiiwaed asadigy the nib®preess@M188& preferdtty gewddce
such as, but_ npot |im.t i

dto, e- il, cal ar, events, vojce mai|s
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be avai | abl eeotory (RORMDbI timildestbegeteterh@ti(hottshb@n st THoagekiéd P the datvdll |t ens.
Such PIM applicatjo uld preferably have the ability to send, and.receive
data i tenobyBaelBaliRy obeBlth SIIRRLARIE delire BPpiatitet. QaPERDERSRETTSY t he
Pl M dat a it beterapearilg éanted 4rgd v Violdtieghained; sieyncRAMiI1226. Redeivgdlat ed, vi a
the wireless network 1119 with the .nobi.l i ser's carrespondi ng
data i toms SOOPuRGIoT s Rekd s e Rn g RAN I o ey R e RBRRE
appl i cat i onslsopyefaladly dterel raded-ooint @etnbey. nobi | e devi ce 1100 t hrough the
network 1119, an auxiliary |I/O subsystem 1128, serial port 1130,

short-range 19 comuni cations subsystem 1140 or any other suitable
subsystem 1[048] Asdhowstflakh etbniiyry 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. In a preferred embodiment, the PIM data items are
seamiessly 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



a user in the RAM 1126 or preferably a non-volatile store (not shown) for
execution by the mcroprocessor 1138. Such flexibility in application
installation increases the functionality of the device and nay provide
enhanced on-devi ce functions, conmunication-related functions, or both.
For exanpl e, secure conmunication applications may enable electronic
commerce functions and other such financi df transactions to be perforned
using the UE 1100. These applications will however, according to the above,
in many casesmnnetshtibes HEbsgEp VR cbyar@ o Ldble {;Lﬁi%%tehﬂ'&lﬂataﬁd instailed by
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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 I/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.



and thus reliable and trusted connection to thereby enabl e secure device
communi cation. 20 [0102] Alternatively, serial port 1130 could be used for
ot her communi cations, and could include as a universal serial bus (USB)
port. An interface is associated with serial port 1130. [0103] O her
conmmuni cati ons subsystens 1140, such as a short-range comuni cati ons
subsystem is a further optional conponeng0whi ch nmay provide for

comuni cation between UE 1100 and different systenms or devices, which need
not necessarily be simlar devices. For exanple, the subsystem 1140 may
include an i red vi.ce and ci at ed CIrCUIt and conpopents or
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typical |y dfe communigation with sbviekialchalblan dydterib aftdedcéd. mi t ed battery power
of UE 802. Those skilled in art will appreciate that a wireless network in
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radi o net \/\owkelemtcrmﬂnhamatjcﬁd\@thrkO The RNC 810 is responsible for control
of the radio resources inits area. One RNC 810 control mnultiple Node Bs
806.

[0105] UE 802 communicates wirelessly 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 link 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 overall expanse of network coverage. All pertinent components
may be connected by multiple switches and routers (not shown), controlied 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 multiple Node Bs 806.



21 [0109] The RNC 810 in UMIS networ ks provides functions equivalent to
the Base Station Controller (BSC) functions in GSM GPRS networ ks. However,
an RNC 810 includes nore intelligence including, for exanple, autononous
handovers managenent w thout involving MSCs and SGSNs. [0110] The
interface used between Node B 806 and RNC 810 is an lub interface 808. An
NBAP (Node B application part) signaling gtotocol is primarily used, as
defined in 3GPP TS 25.433 V3.11.0 (2002-09) and 3GPP TS 25.433 V5.7.0
(2004-01). [0111] Universal Terrestrial Radio Access Network (UTRAN) 820

conprises t N de 06 .and the Uu air interface 804. [0112]
Groui o (0B e MBI LRI B8 rphr sl et ReUlRR e AVBESE 330,
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circuit-sw twthedt icaies MSDs 4ray SGEANsYI Nng (typically) voice traffic and
signal i ng between UTRAN 820 and the core voice network. The mai n signaling
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[0113] Traffic between RNC 810 and MSC 830 uses the 1u-CS interface 828. {u-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 signaiing protocol
used is RANAP (Radioc 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.



[ 0115] Packet data is routed through Service GPRS Support Node (SGSN) 850.
SGSN 850 is the gateway between the RNC and the core network in a

GPRS/ UMTS network and is responsible for the delivery of data packets from
and to the UEs within its geographical service area. |u-PS interface 848
is used between the RNC 810 and SGSN 850, and is the packet-sw tched
connection for carrying (typically) data £Raffic and signaling between the
UTRAN 820 and the core data network. The main signaling protocol used is
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Al t hough th@rcneft;mmegd BARSNAP sdexcrib@ybpalt s, these parts all work together
to result in certain behaviours at the wireless link. [0118] The

enbodi ments described herein are exanples of structures, systens or
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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 eiements 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.



nonitoring, at the user equi pnent, application data exchange; determ ning
when no application on the user equipnment is expected to exchange dat a;
and initiating, fromthe user equipnment, a transition to a |less battery
demanding radio resource control state or node 2. The method of claiml,
wherein the initiating step conprises tearing down a signalling connection
setup between the user equi pnent and the ®Breless network. 3. The net hod
of claim2, wherein the tearing down step causes the network to release
the radi o r qaitheze connection, transitioning the radio resource control
state to an idle node for said user equipnent. 4. The nethod of claim2 or
claim3, wherein said tearing down step frees up network resources. 5. The
met hod of any of ong rGiAbdTor inbBvéd baﬁ@yséﬁomc%r@é&%au@%wnka \.Welﬁs

Uni versal Mobil e Tel ecommuni cation Syste UMIS" net he met hod of
claimb5, wherein a P& hwe@p@dﬁ@i@@qﬁwm@rm @RQ cstasta$ @ommsmgéme ng
step is a CELL_DCH gp@ofELL_FACH state. 7. The nmethod of claimb5, wherein
a radi o resource control state prior to said initiating step is a CELL_PCH
or a URA PCH state. 8.MIHEringtaEie wier enaipmest. applselomdataiedchafioei at i ng st ep
further conprises 5e”@ef&mwﬁnd”ﬁﬁé@ﬁ@abﬁllcﬁtlé’mbh’ﬁ{és@er561551%%%:5%!(;3&%@&@
Access Network "UTRAN' to nove he radi o resource control state to a |ess
battery intensive S@)gﬁhgngqgfatagandrhe met hod of claim8, wherein said |ess
battery intensive Staﬁrﬂtlétﬁmgafréh@ﬁ@u@%ﬁwp%éﬂxg @tré?%hien'f&%s%tb%ttt@ c?en%{e‘mfc"'
state or a URA PCH state. "10. The nethod of any one of calms? 9,
wherein the user eq@idb’rf@ﬁ?urF%C%er' glaigsrede devi ce required to send keep
alive messages to an application server. 11. The nethod of any one of
clainms 1 to 10 wherel n the user equipnent further conprises a Radio

Resour ce Cont Bl " RER® MERA &% et Tvaheigisythe inlfiatinarter easiiises fasingdawg e
performng said detggmdiHgn@nBb&Rn 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 the radio resource connection, transitioning the radio resource control

state to an idle mode for said user equipment.

4, The method of claim 2 or claim 3, wherein said tearing down step frees up

neiwork resources.

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

Universal Mobile Telecommunication System “UMTS” network.

8, The method of claim 6, wherein a radio resource control state prior to said
initiating step is a CELL_DCH or a CELL_FACH state.

7. The method of claim 5, wherein a radic resource control state prior to said
initiating step is a CELL_PCH or a URA_PCH state.

8. The method of claim 5, wherein said initiating step further comprises sending
a message to a Universal Terrestrial Radio Access Network “UTRAN” to move
the radio resource control state to a less battery intensive state.



12. The method of claim 11, wherein said determ ning step conprises
tracking currently running applications, each of said currently running
applications having an inactivity timeout, and creating a conposite status
to find when no application is expected to send data. 13. The nethod of
claim 12, wherein said determning step further conprises tracking
associ at ed Packet Data Protocol "PDP' contéxts, packet switched "PS" radio
access bearers, PS radio bearers for said user equipnent. 14. The method of
claim 12, dwh_er 8i n sahe rr@ﬁicgirdﬁcnjirﬁ@, %@tbgf s Rk b@ﬂgr}?fli_ﬂ;]téﬁ§ve ét@%qk;arw?te_ 13
associated circuit swtched "CS" 0 hear ) e nmet hod of claim

or claim 14, wherei ﬁo@ﬁ’i"ﬂ’%ﬁpﬁﬁi—%&b Higp? Eéfméﬂis@te B‘é%je’gz%ﬁ GH sipts ¢
pattern history. 16. The nethod of claim 13 or claim 14, further conprising

the step of bl ockin said initiating step if said RRC state is a URA PCH
state. 25 17. 1% usgPeaﬁﬁnoarfﬂﬁﬂyaaaﬁ?@am%?*Or%dtamr%tflfaﬁeéﬁgu'emﬁguﬁ&f‘i on in
a Universal Mobile Jekesonauiiceaddudred By séraimeddMIive nieebaddsko ahR@pi&Ebn

equi pnrent having a_radi o subsystem conprising a radi o adapted to

comuni cate with t he®™Y®MIS network; a radio processor having a digital
signal processor and adapted to interact with said radi o subsystem a
menory; a user,jnteLface; processor adapted to run user applications and
teract i th The nErgthoRin By BRF ST HART hio Tsielalt e ses SORmSRHIaRT | o
run applications, téwnpHses a Raio REBfirce CanaeitRRIC €bnhyctibaWidigigeNBARSRROr
nonitoring, at the user eg}ui grrent, ﬁﬁpl.i cat.ion data eﬁchange; means for
det er mi ni ng when no"EBFFTRHPRAIEERETNINE 87id SEIFBIEA SR expected to
exchange data; and neans for initiating, fromthe user equi pnent, a
transition to | ess,battery,. demandi ng radi p , resqurce, control state or
mode. 18, The (Rer DT BIRBHI! GRS 11 KIS 9 SHeI eI TIRE SHOAMETTEPS PR Teat | ng
i s adapt ed tg L earCLdMyl mr&ir@rmidlidli(tgioag,rémhtdfeéid?eetrU:ﬁliyhehM\iﬁglanllit@tiUﬁ@r
equi prent and the wreless network. 19. The user equi. nt .clajm 18,
wher ei n the neans ffbarwqgnqn[ng{hvﬁg?n\mg%a?%aﬁa%gacom%osn%nﬁatus?o fifa Whih 78

application is expected to send data.

13. The method of claim 12, wherein said determining step further comprises
tracking associated Packet Data Protocol “PDP" contexts, packet switched

“PS” radio access bearers, PS radio bearers for said user equipment.

14, The method of claim 12, wherein said determining step further comprises

tracking associated circuit switched “CS” radio bearers.

15. The method of claim 13 or claim 14, wherein said determining step is dynamic

based on traffic pattern history.

16. The method of claim 13 or claim 14, further comprising the step of blocking
said initiating step if said RRC state is a URA_PCH state.



down the signaling connection, is adapted to cause the network to rel ease
the radio resource connection, thereby transitioning the radio resource
control state to an idle node for said user equipnent. 20. The user

equi pnent of claim 17 or claim 18, wherein said neans for initiating, when
tearing down the signaling connection, is adapted to free up ciphering,
integrity and radi o bearer resources. 21. 2F¥he user equi pnent of claim17,
wherein said neans for initiating is adapted to send a nessage to a

Uni versal Terr ¢gtri alusBaghuioriemesispliativoelucihd Faldry cbsuimiien tihg Uridireal
resource control state to a less battery intensive state. 22. The user
equi pment of cl ai m YpbilgH&lesammsnicaties Sysiem ek TSnnelsirk dhe usareguipment

state conprising of : r :
state. ng 23. '?’he B%é&%gﬁ@%e&nﬁg%%‘?%on@ron@l 86%(3\5 iéa%%eedltg Ctog]#%_aj\}\aﬁg!rtgithr?
the means for det er HMiSnptiverkaa Redie proReswuhengartigil sigRiR@ro@sserentdi on
Manager. 24. The usgi, &Jfog%rgctﬁ?/fth%%iﬁ'r%ia%ub ?Jn?'é}némogﬁg%grepgl gLipn

manager is adapted to track currently running applicati pplication
protocol s, each of Progagssor adanted foyrunusar arplisaipine eatdiideracbwittahs! hemeiyothe

protocol s havi ng angg|gaed thy by iﬁfe%&’éj%:gd ??‘éﬁgecﬁﬁg}{ﬁ%@ﬁﬁc@ii@?& tHRgager

i
adapted to create a conposite status . application is
expected to send dag@ippent chih@ciesiged bybeyingnt of cl aim 24, wherein said RRC

connecti on nmanager is Toye I . P |
TBOP" contexts. _packel"eartarlerbaR nEnan ChaFErfANRRR B BRI
bearers for said user Maggaifgstarmings wie noseplicatjon prthet ussk eqliamendig,
wherein said RRC ¢ gg@hq@emﬁggrd jSan@dapted to track associated circuit
swi tched "CS" radio bearers for .aia user equi pnent. 27. The user

equi pment of cl ai m 25MsENe fiiPHIZEY. Kbrertbe nseraatiPRROL Golnsitiondn a lesszeajlery i s

adapted to determ %M%&ﬁaﬁ%%&@ékﬁtgﬁﬁ]ﬁg%%w@ffi c pattern history.

28. The user equi pnent of claim?25 or urther conprising nmeans
for

18. The user equipment of claim 17, wherein the means for initiating is adapted to
tear down a signaling connection setup between the user equipment and the

wirefess network.

19. The user equipment of claim 18, wherein the means for initiating, when tearing
down the signaling connection, is adapted to cause the network to release the
radio resource connection, thereby transitioning the radio resource control

state to an idle mode for said user equipment.

20. The user equipment of claim 17 or claim 18, wherein said means for initiating,
when tearing down the signaling connection, is adapted to free up ciphering,

integrity and radio bearer resources.

21. The user equipment of claim 17, wherein said means for initiating is adapted
to send a message to a Universal Terrestrial Radio Access Network “UTRAN"

to move the radio resource control state to a less battery intensive state.

22. The user equipment of claim 21, wherein said less battery intensive state is a
state comprising of a Cell_FACH state, a Cell_PCH state or a URA_PCH
state.



bl ocki ng, said nmeans for bl ocking adapted to prevent said neans for
initiating fromstarting a transition if said RRC state is URA PCH 29. A

conput er program product for inproved battery performance of user

equi pnent in a wireless network having nmultiple radio resource control
(RRC) states, the conputer program product conprising a conputer readable
medi um enbodyi ng program code neans execuf@bl e by a user equipnent to

i npl ement the nmethod of any one of clains 1 to 16. 30. A Universal Mobile

Tel econmuni cat2nn Sy @48r 'eliiibFientt aMy dhe o QRIS $7 RO22 WHeksiakid tiedis faser

equi pnent s accordi ng one of clainms 17 to 2
etermmmg is a Radio Resource Control “RRC" Connection Manager.

24, The user equipment of claim 23, wherein said RRC connection manager is
adapted to track currently running applications or application protocols, each
of said currently running applications or application protocols having an
inactivity timeout, said RRC connection manager adapted to create a

composite status to find when no application is expected to send data.

25. The user equipment of claim 24, wherein said RRC connection manager is
adapted to track associated Packet Data Protocol “PDP” contexts, packet
switched “PS” radio access bearers, and PS radio bearers for said user

eguipment,

26. The user equipment of claim 24, wherein said RRC connection manager is
adapted to track associated circuit switched “CS” radio bearers for said user

equipment.

27. The user equipment of claim 25 or claim 26, wherein said RRC Connection
manager is adapted to determine on a dynamic basis based on traffic pattern

history.

28. The user equipment of claim 25 or claim 26, further comprising means for
blocking, said means for blocking adapted to prevent said means for initiating
from starting a transition if said RRC state is URA_PCH.

29. A computer program product for improved battery performance 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 1 to 16.

30. A Universal Mobile Telecommunication System “UMTS" network
comprising a plurality of user equipments according to any one of claims 17 to
28.



