METHOD AND APPARATUS OF TRANSI TI ON TO A BATTERY EFFI Cl ENT STATE OR
CONFI cU DI CATI NG END OF DATA TRANSM SSI ON | N T OLUTI ON
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Partnership Project (3GPP) standard for nobile network technol ogy. The LTE
describes a plurality of requirenents for nobile comunications systens in
evol ved or advanced cel l ul ar broadband technol ogi es. Such requirenents
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media, and messaging, with end-to-end Quality of Service (Qo0S). The EPC network

architecture also enables improved connections and hand-over to other fixed-line and
wireless access technologies with improved mobility.

[0002] The LTE Physical Layer (PHY) uses advanced technologies, including
Orthogonal Frequency Division Multiple Access (OFDMA), multiple-input and multiple-
output (MIMO) data transmissions, and smart antennas to meet the network demands
above. The LTE PHY uses OFDMA for downlink transmissions, for instance from a Base
Station (BS) to a User Equipment (UE), which can communicate by transmitting signals
throughout a geographical region known as a cell. Additionally, The LTE PHY uses Single
Carrier Frequency Division Multiple Access (SC-FDMA) for uplink transmissions, for
instance from the UE to the BS. The OFDMA and SC-FDMA technologies reduce the LTE
and UE system complexities and increase the communication spectrum or bandwidth.
[0003] The UE may be any mobile device used in the LTE system, such as mobile
telephones, personal digital assistants, handheld or laptop computers, and similar devices
that have telecommunications capabilities. The UE may consist of a wireless device and
its associated Universal Integrated Circuit Card (UICC) that includes a Subscriber Identity
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t hat have tel ecommuni cations capabilities. The UE may consist of a wireless
device and its associated Universal Integrated Crcuit Card éUI CO) that
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Such AR BIP e neration equi pnent may be referred to herein as
| ong- ?gme ut |lon % %E equi pnent. [0005] The LTE includes protocols such
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ENB or access device may be used herein to refer to any device, existing or advanced,
that may be used to gain access to a network. Such advanced or next generation
equipment may be referred to herein as long-term evolution (LTE) equipment.

[0005] The LTE includes protocols such as a Radio Resource Control (RRC) protocol,
which is responsible for the assignment, configuration and release of radio resources
between the UE and the BS, ENB or other access or LTE equipment. The RRC protocol is
described in detail in the 3GPP TS 36.331 specifications. According to the RRC protocol,
the two basic RRC modes for the UE are defined as “idle mode” and “connected mode.”
During the connected mode or state, the UE may exchange signals with the network and
perform other related operations, while during the idle mode or state, the UE may shut
down at least some of its connected mode operations. Idle and connected mode behaviors
are described in details in the Third Generation Partnership Project (3GPP) specifications
TS 36.304 and TS 36.331.



performother related operations, while during the idle node or state, the
UE may shut down at | east sonme of its connected node operations. Idle and
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t hat meljcationipnptezinea Bedordingato an embodiment of the disclosure.

[0012] Figure 6 is an illustration of a plurality of fast dormancy configurations according

to an embodiment of the disclosure.
[0013] Figures 7 is a flow chart of a method for a UE fast dormancy behavior according
to an embodiment of the disclosure.
[0014] Figures 8 is a flow chart of a method for an ENB fast dormancy behavior
according to an embodiment of the disclosure.
[0015) Figure 9 is a diagram of a wireless communications system including a user
agent operable for some of the various embodiments of the disclosure.
[0016] Figure 10 is a block diagram of a user agent operable for some of the various
embodiments of the disclosure.
[0017] Figure 11 is a diagram of a software environment that may be implemented on a
user equipment operable for some of the various embodiments of the disclosure.
[0018] Figure 12 illustrates an exemplary general-purpose computer system suitable for
implementing the several embodiments of the present disclosure.

DETAILED DESCRIPTION
[0019] It should be understood at the outset that aithough illustrative implementations of
one or more embodiments of the present disclosure are provided below, the disclosed
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The rocedures herein may refer to any procedure or process that
pr onotemedipn @etdppower

[0021] Disclosed herein is a system and method for initiating a fast dormancy (FD)
procedure type at the UE to move the UE from the connected mode to the idle mode or to
release some connections, or uplink transmission resources between the UE and the
network. FD, FD procedure or FD indication may be used herein to refer generally to fast
dormancy techniques such as, but not limited to, those proposed tc UTRAN. The FD
procedures herein may refer to any procedure or process that promotes improved power
management and/or extended battery life by, for example, reducing the time the device
spends in a particular configuration with assigned connection(s) or configured resources
and moving into more energy efficient states or modes, such as idle mode. Accordingly,
the UE may decide that it no longer needs at least some of the radio resources currently
assigned to it based on available upper layer knowledge, such as end of applications or
application contents, and may hence send an indication to the network or an ENB. In
response, the network or ENB may act upon the indication by moving the UE from the
connected mode to a more energy efficient states or modes, such as idle mode without
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managenment and/or extended battery life by, for exanple, reducing the tine
the device spends in a particular configuration with assigned connection(s)
or confi guoediwmssdur ces and moving into nore energy ef f ipCirastomoedses or
nodes, such as idle node. Accordingly, the UE may decide that it no | onger
needs at |east some of the radio resources currently assigned to it based
on avail abl e upper |ayer know edge, such as end of applications or
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remove the need for sending the sounding reference signal or, alternatively, by allowing the
UE time alignment timer to expire without providing any update to the UE time alignment.
Maintaining the RRC connected mode whilst reducing the required number of uplink
transmissions also enables a reduction in the time required for call/session setup latency,
as compared to idle mode. In addition, the FD procedure may improve further the total
power efficiency at the UE since the absence of FD indication could then be used as a sign
that more data transfer is likely to be required (with greater probability than in a system not
using the FD procedure). This would allow, for example, some inactivity timers on the
network side to be influenced, such as extended or reduced.
[0022] Specifically, the RRC protocol for LTE may support discontinuous reception
(DRX) in connected mode, where the UE may switch in an alternating manner or
periodically between the DRX Active Time to monitor Physical Downlink Control Channel

(PDCCH) and exchange signals with the network and the non-DRX Active Time to
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transm ssions al so enables a reduction in the time required for
call/session setup latency, as conpared to idle node. In addition, the FD
pr ocedur evoryioaspivove further the total power efficiencycatuseove/otiB1si nce
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transfer is likely to be required (with greater probability than in a
system not using the FD procedure). This would allow, for exanple, sone
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[0023] AddIthl’I ?Iy, in ucton%ec%d mo%% the UE may search for physical downlink

control channel (PDCCH) information not only in common search areas but also in UE
specific search area, which may increase processing by the UE compared to idle mode
where the UE needs to search only in common areas, and hence power consumption is
greater in connected mode in comparison to the idle mode. The UE may also examine,
during the connected mode, more types of radio network terminal identities (RNTIs), such
as cell RNTIs (C-RNTI) or Transmit Power Control-Physical Uplink Shared Channel-RNT!
(TPC-PUSCH-RNTI) or Transmit Power Control-Physical Uplink Control Channel-RNTI
(TPC-PUCCH-RNTI) or Semi-persistent Scheduling RNTI (SPS-RNTI). Moreover, when
the UE is located closer to a cell edge, it may perform additional measurements, which
may be related to neighboring cells, and report measurements to the network during the
connected mode to ensure robust mobility management. Further, when the UE is
transported between the cells, hand-over signaling is used during the connected mode. In
contrast, the UE may change cells during the idle mode within its registered tracking areas
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specific search area, which may increase processing by the UE conpared to
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Addi tétﬁélai:)irdstocdi he comtiol tdyeirs weicra oyl be avagssashpr suppertesd, isushi as adPaskét wor k

Bnd domerCaierasnse Grotee (PO dgero i AdrRdiR  MiCateRER Jiver BY3indd™
Ségﬁ[]r'ﬁ'ﬁ’ﬁ@éﬂ@@% ?ggpg\rllgrgegﬁe Protocol (PDCP) layer 150, a Radio Link
_ ysi cal layer (PHY) 170. [0025] The UE

connefo0R6h nEFREYLE ddrmention imanager 4 18may ke aveara Sf d1e siajusphan appligation
120 running or scheduled for running at the UE, for instance at an application or upper
layers. For example, the UE connection manager 110 may be aware of the start time, end
time, process time, remaining time, or combinations thereof for at least some of the
applications 120 at the UE. The applications 120 may comprise network or link
management applications, network services applications, other network applications, or
user applications. In one embodiment, the UE connection manager 110 may also be
aware of the type of power source or status level of available power being used by the UE,
whereby if the UE is powered by an external power source or the battery is being charged
the UE may determine that the need for FD procedure is reduced or even not needed as
sufficient power is available. Alternatively, the UE connection manager 110 may use a
battery power level indication as one additional input to trigger the need to activate, or
inhibit, the FD procedure, for example enabling the UE connection managers 110
knowledge of application status to only trigger or allow to trigger a FD procedure if the UE
is only being powered by a béttery or possibly when the power is below a certain level.
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120 running or scheduled for running at the UE, for instance at an
application or upper |layers. For exanple, the UE connection manager 110 may
be aware wO 20twss9art tinme, end tine, process tinme, remeCmiUsgONIOR®12 Or
conbi nati ons thereof for at |east sone of the applications 120 at the UE
The applications 120 may conprise network or |ink managenment applications,
networ k services applications, other network applications, or user

app! i Tisé UBheonrettionamandgeti thmaytise sierckhmwledge to detergine whethenthalldo be

f the t f lLevel il ab i
csed mpdshamUe! tin ariB erouces cuprenty ssianer Byhen Tk dhestnssd B 66 oS o,
the blgéée‘af In 'bﬁclb%igggr thar KeewidtydEInaY ehb@Timent if hatcurint appiitdtions ks

procedure 1's redu or even not” needed as_sufficient power Is availa?ée.
Al t ermahingednschetoledHn corakativelyoshorbamgent ofiimgatheudE conpgetien anaaer 11@vel

ARl e A . _ .
i ciney %808 aebr B BEEalipE 11l BE R P EUGARR. & PrdtBehdiBafit N Fifignhe .
110 kogihedge MACaaydri 140.1 Altefiatively, the UE! gortrisctige manager 1100 may tsenddbe a
FD procedure if the UE is only being powered by _a battery or po Shﬂ % quhen
e pomandivatiaset SiatnedRRE BYVeTE) With DaY do i fongrd s Kendaiohpt e

h ' t iRt
cur r B B B e R oD B o e B e e
| ayerthienmtvedgsr. ENB using ah RIRGemessade, fir exampata Sigpaling CosngcigneReleastng

hedul ed i i vel t t, of Li et

anagodioaion SR RaR HETRIIOh Rarass: Bleabhll” @ERR, I, ﬁ%%‘%?‘f%'#ﬁjﬁ%"m
i ndi ' \ tIRan\¥ab Jt#he. RRCt| 130/ riay, senidethelE
connen IR R R R e et g 131 ?%*@qe Rgéﬁ er 130
whi chFbaydicatiantorthe seheerk oreNBmvithinipo KRG Anassagedvitie agpforation elesnent,, 5,
mbodi nent. .. the RRC | 3 , : i mcliicatad t
ENB. WSTESRG Areeung el st E o IAlEalcr. FoF (8ienEs, aif eldghsion ceess of
| ndi cRlicaing 86 Jof dBRCtreABMERidmEe bednelutedivithin an RRCRMessageRRTd sent.

e ereraaiment. oy AT Ao R sSRB B gl BT bl

i ek OB NE g A B e e DXt

t r anspitel Al beaderitifietirigl adlbAC wubHieaden cRRprisiagsa yaiogadogisak chanpehigentity

A e D) Sestmatad Tor use for FIY tndicatisn. ForindncaC itk MAT Slb Ha3uEAHagMave the
a length equal to about one octet. Alternatively, the MAC layer FD indication may be a
short BSR MAC control element identified by the sub-header comprising a unique LCID
designated for use for FD indication by BSR. Other MAC indications, e.g., not requiring
that an explicit RRC message be sent as a response to the FD indication, may also be
used. In this case, the MAC control element for FD indication has the size of about one
octet.
[0026] Further, the UE connection manager 110 may be aware of the status of the UE
data or application buffer, and may use such knowledge with the upper layer knowledge to
determine whether the UE can release the assigned or scheduled radio resources. In an
embodiment, if no current applications are running or scheduled, for a period (e.g., short) of
time and the buffer is empty, the UE connection manager 110 may determine to send the
FD indication to the RRC layer 130 or the MAC layer 140. Additionally, the RRC layer 130
or the MAC layer 140 may be aware of the status of the inactivity timer at the network and
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network or ENB using a MAC control element, the control elenment may have
fixed size of O octets and be identified by a MAC sub-header conprising a
uni que | oyocalo/skemnel identity (LCID) designated for u®eTfuseo0BD63912

i ndi cation. For instance, the MAC sub-header may have a length equal to
about one octet. Alternatively, the MAC layer FD indication may be a short
BSR MAC control elenent identified by the sub-header conprising a unique
LCI D rdaylu;eathsdatbng withe sfich upper tajiec dnowtedge asiudicatedrbwhe Uldeennaciar,

Ch’ HnReRTItd anarbre tar roRte ¢ dSiSmine WEnS 15 SBhu e T TRCARE .
for Fihd pg |ﬁé|’fchﬂ<5h H?a?r béGehi @8 #f RRIOOesSage BE VRt Mm%htrEUeltahﬁ!nt ihen UE

connectlon mana 0O may be aware of the status of the UE d
app! i @abodimentf emq wﬁ@nmmg@ma@m%g@ sehaduled fferpﬁefe @taf?  short

know edge t e t
oo APET FAEE R BT by, hd e lnk Mieshighifint i hidifdiiey the 1L o
?L es SEgigg{r.ﬂg Cntqép bea tmnﬂ[ﬂeﬁ glrg anog'mremboﬂamemp Ifand mmeerﬂuaprdtcatlen% raiey,

i on manager t
he RROMNG@rschegulRd o Ieivel Shor aBhoudt i s e putBrds ety 3Dk, ik
the MG Ia‘ﬁé%eﬁuseﬁ@%%t %nﬂftﬂé *‘}ﬁac‘ﬁ‘bﬁ} timeP mdyRot i biéfore hirgRtively t he

net wor hi's along wth such upper Iayer know edge as i ndicated
by tHengJEnmmheﬁtlmenthaalFﬁgmdlcatm may bertranshtiied.i nf ornati on to determ ne

whet h

roes 0026+ FiBue FANEAIES o v epiment ol FRIhGR4GT pfEbedkRe 260 whg e FC
appl | RRE Iﬁgér e af RURMAEY beuedud eend die HDrlaﬂaatlth/tmmtwm(mWhendhe
time, the fer 1s enpt and the upllnktl al i gnnent SU i nt ai n t he
FD | nUEcmnmtmyanara Ionietides to fORYRNHBR FAIOMLANIT th?f %YJPFEﬁH

appl |
EPhe, RRKLBIE: 756 b Sth KRG ET5itlicgliohineSsdd b5 Sloh 0% SSRURCRYor
E |hr6re i Rgﬁg \llzt%ttue élnem?rkrrmmereu% ewopdate tbafansenit Speaificaliy, yhe KRG dkb ingicagipn

| ndl catl on _na t
crbodmesThe st WECEARANS GBAJLLT Bens Akripe’t FORE. st it
the Uﬁ ”@MmﬂetrHﬁéﬂls%%S%e“ %Bgcnf@ 5k Q3| PRyt Serid e Rehusiiling v&mrest I‘(SR)IE

connec nmanager deci forward the FD indication
t he Rm@shageﬁmwtmmm avhistROayhe eonfigured hy Hhe setyeori sNB) i&fwoaiefgaﬁ

SR freRg%pllnlr( access. The network may receive the SR message 201 and grant the UE
uplink access, for instance by sending back an uplink grant message 202. The UE may
then send a buffer status reporting (BSR) message 203 to obtain uplink resources for
transmitting the RRC FD indication. The network may receive the BSR message 203 and
gfant the UE uplink resources, for instance by sending back an uplink grant message 204.
The UE transmits the RRC FD indication to the network (ENB) 205. In some
embodiments, if the uplink grant message 202 is sufficient for transmission of the RRC FD
indication, the UE may transmit the indication to the network 205 without executing steps

203 and 204.
[0028] Finally, the network may reply with a response message 2086, such as an RRC

use

connection release message, to release the connection with the UE or to move the UE
from the connected mode to the idle mode. In another embodiment, if the UE still
maintains UL TA after sending the RRC FD indication message 205, the network may reply
with an RRC connection reconfiguration message to release the uplink resources to stop
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RCRR, to the network if there is no data to transmt. Specifically, the RRC
FD i ndication may be sent when the UE maintains uplink (UL) time alignnment
(TA), i.ewo2wimes4hi gnment for uplink transm ssions. Aceordisagbpessthe UE
may send a scheduling request (SR) nessage 201 to the network, which may be
configured by the network (ENB) for contention free uplink access. The
network may receive the SR nessage 201 and grant the UE uplink access, for

i nst ahe aeiphigk sranelnnuaycbnokcmnnqbstaws tepents. psiomp epppdinrerisibe ReWeTkeRaY end

abuffrst reportin B s f
Fr andHSETHNE FRsrdRee PTae20G BHC TerenchorvoTes Segadihe Alpifisadineie 0.
203 atDQ w@f\khkhenwy wabsakthee YU TR Siméoto | eggirnamdbheneadstop e luplink
upl i nk grant nmessage 204. The UE transnmits the RRC FD indication to the

net mranmmpnszframﬂhe Wone enbodi nents, if the uplink grant nessage 202 is

ff

the 1 0PRh | Slord T MsRRIGH Aot OEF%%L%'?%%”E?'E%@E@H%%Mm"t
[ 0028khériethk IRRC Udgerme0/at the ol nﬂa;plbe/ used to semc theohBdndicatieyto thealetwath as
an RRC connection rel ease nessa

[0 mlBeniibs UE SPoReeRD BarAds: 0 ABRSeRAS tawarg e FEEaIGony i F 1hal™
ent"’O'u fNe RRE IEag&r ?g%% 's%hd féﬁ' F@R@l iRdicklion me?ésbgé 2050 dLl ashh BBRIFRCRI

i ndi ca I ON nessa e network may reply an RRC connectjon

[ reg 0 ;kﬁn RORR, ito Fhemetma:gb |fttbereeiseuséatart@ tmm $mmlxstwgﬂ%9ﬁ@wﬁvnk
m ssi on .0 el..s
ot aemaerhartessfon Ll TS eh e HIE 8 et mePUAE < WhEh ThE it RBL¥atct Ry

alig
hence‘ 'éEmstﬁg F@% élehﬁ@?edi%st%rQhew Aé@tﬂdm@lwthé.UEﬁmayrsendta)ramipmacme

e uplink transm ssions fromthe UE. 029
il uspneamtﬂe 300to e pevedk.foncoptention heﬁema%eéﬁ%r{?o }sséu‘g@“ §Eh?f ARIE ¢ he

RRC | ayer 130

net vorcesaendtte i ol Uss Tor BEAIE, ’\%%@”"J@“?%‘%“ﬁé O Tof Briorgne
i ndi cgEsOthe ﬁéta:oHEmwrmmtﬁne fBRGoinageness F0eamblee301 andrrant g 'éEttmilﬁk
message 205, such as an

dat a aecessafesinstanes byi ﬁﬁﬂf%{l‘g Pﬁﬁeralﬂﬁophaﬁb‘&etﬁgl %%Sﬂ%fg g@é’sggg% e(":h?rI UL
TA atolies Ueihaq 1) tiiehabked Dle 18\4le (RIS Wonlerdons ambng anéi Ys cthe

schedBf" ng reqoe or the UE. Accordingly, the UE may send a ra

accesfequesting UE may repeat sending the random access preamble 301 and recelvmgmhe
random access response message 302, in comparison to sending the SR message 201
and receiving the uplink grant message 202 in the FD indication procedure 200 described
above.
[0030] In an embodiment, when a preamble group B is available and radio conditions
are acceptable, the UE may then select a preamble from the group and transmits the
preamble 301 in order to obtain an uplink resource sufficiently large for transmitting the
RRC FD indication. In response the network may return a random access response 302
which contains an uplink grant large enough to transmit the RRC FD indication. The UE
then transmits the RRC FD indication 303. Alternatively, when a preamble group B is not
available or radio conditions are not acceptable, the UE uses a preamble from the
preamble group A and the network may send the random access response message 302
to the UE. The preamble group A and B are described in 3GPP TS36.321 specification.
When the UE transmits a preamble from the group A 301, additional steps or messaging
may then be required to execute the FD procedure 300 if the random access response 302
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preanble 301 to the network, for contention based access and conpete with
ot her random access requests fromother UEs, for exanple. Assumng there is
no cont erwoaniczswdyy t he UES, the network may recei ve t heCTASA@II0639¢ESS
preanbl e 301 and grant the UE uplink access, for instance by sending back a
random access response nessage 302 during a period defined by the network.
Due to the possible contentions anong the UEs the reguesting UE may repeat
sendi ingludies updinkl @raricoetssufficienintsr sha (RGP instieationn g Tha dJE amays thesc ek a

respo nessage i n_Go ' [ t

cooi DERTERAT AR BT WREG BL gD ot padtha i Wiy IFE RAR &0 58 9o
descr pbah 8helgh upfiRR Yrahitc fraRERdthBERRC W maicationaBls.e RegardleBsicf the
avai l abl e and radio conditions are acceptable, the UE nay then se]ect a

pr eanpreanible wroue bgingugsesh dhe nghwerkiraay igeary tae Hir AIPSN resPUsERRa fok BSERCSi n

an up i r 0 i ci.ent . )
o b rRREUPEE 5 KOG, ok b etoct] 3000 hihobitc 08 in ool o,
B R O & O T e D 308 A T ottty

. ransm h
when_ 206 impliaty, Py sirBing tAgamission s sonmesate e Bhs areonor o
accept@@r@y YRey BiidiRiva_ BBBERAEN! WhEn DR WRCRTRbE nisiAtaed, ang UBemay

net wo ‘ sen e random access response nessage 302 to the UE The
pr eantéeidg mat o Atant dhd RD éndieation pregeture3d3PP nstemda dhe e may enaienn ¥igen

the UE t | t eanhl e fr h i i
reasageitscn moe Bl FEnrrbv et ablitRefiorls shfied ORMBRHRY, fine
r a“doma%ﬁ\ﬁ@sﬂinéﬁ%ﬁ@ Hefwsiviclelsine thel RRE @rraeiction andutdnisitionthef UE infidleRRC

FD i ndi cati'on. The UE may then send a BSR nessage.303 to.the,
executode. BBRe @bouedaﬁh@v){wr tpay ke enaokged whep dbe '@%F%UBX(’) ;Slm?eféﬁ%mﬁ‘reﬁﬁ&rknk

0 Sy bR ey HEbF e ey o, of ool e s
e e i o i S |
o evseaghn, st g isea R REon) DGR B L % B8
" SRR kbl P Skt R e, TRad s ek
pr oc e thut¢hS Betwdrk smactivity tineer Wl expire émaishortpariest of time, it may not be useful to
send the indication. The UE may measure the value of network inactivity timer by the use
of an internal timer which counts the time between the last data transmission and the RRC
connection release or the network may indicate the value of inactivity timer to the UE.
Alternatively, the UE may decide to delay sending an RRC indication message 305 to the
network until another RRC procedure for mobility, for example measurement reporting, is
initiated to increase the duration of the connected mode and hence reduce unnecessary
mobility tracking and to improve UE battery efficiency. '
[0032] Figure 4 illustrates an embodiment of an FD indication procedure 400, where the
MAC layer 140 at the UE may be used to send the FD indication to the network. When the
UE connection manager 110 and/or the RRC layer 130 decide to forward the FD indication,
the UE connection manager 110 and/or the RRC layer 130 may signal the MAC layer 140
to send a MAC FD indication 403 to the network if there is no data to fransmit, or if there
has not been any data to fransmit within a given time duration. The MAC level indication

403 may comprise a MAC control element for FD indication, such as "End of Data
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connected node until the inactivity tinmer at the network is expired. On the
expiry of the inactivity tinmer, the network will release the RRC connection
and transwoizor/ask®1UE i n idl e node. The above behavi or may/useooenedur aged
when the inactivity timer in the network will expire shortly. This
Inactivity timer may be neasured by the UELlL or could be signaled by the
network to the UE (e.g., broadcast in a cell through systeminformtion RRC
mess afyaasmizsiont or "FasteD ot ledicaion e Sieagentrollglemert mayrhadesibieshsize obne

ey Tase : . ! i
Ther dF GPIE Eneh B0 S RIBHS oY MR e S ReBTe PRRBEEY g s SGra RasteL |
a Sh(?&éntﬁfg[(?ﬁ)goc?/%éji%ﬁﬁedifér W8 fOFadeDuRRARdy Indicaiod. tiner instdinee] thenMAThe UE

may neas e of network inactivity tinmer t}g/ the_useotglf ﬁ@‘d er nal
t i mersubHhesder duay haveeat lengthheaveleto eheut g5e erteh tAltaraate@ly. dheq RRC

{1 oL FOE TG Bl o sford BRSE bis Rt el 8 for 5 Ao flnd KA o

i ng! ﬁﬁﬁd@%m.s mclmﬁuy,czherm ivedivatidn mayibe seritvieen mg‘r waidaine UloTA. X
nmobi l1ty, or exa e neasurenent_reporting, t t Ner

dur atAGSHTERgYh NG A CERY AR AR wﬁﬁwse%aehitohﬂﬁé%i@gw"m@s |’i%$§ebé ©
t ! . . A > ! t
an- oA o o e BB ek R e R | Bt 140

the UDnand eant el UEcupliekdcciss, For instéincatbiyaending backan uplink 9raRbesRaIeE

ti 1 d/ t | . ' D
i A2 oAve e eerb gt pbinerMACED 1t Ston M BB G rigisABs 207 ey
Si gnglaphies dgﬁiﬁﬁf‘reé&ﬁcé Pes8ad by t(RNOEFD trarimiahiMACAED indication, thereford i f
there 1s no data to transmt, or if there has not been data to transmt
wi t hitheaUBi may notneeetl tatsend. amrasdiigoal sessagadsuct 282 %Q FAGS@3Tor TS a

MAC control ele r FDJ ndication, " Thdieatidre SiFen” or
" Fast!n F'F@vn@? W\ﬁ giifl”éﬁ%ﬁdﬁﬁgggodn rolYlﬁg'f gon@@ %&eﬁgcﬁ?ggﬂagﬁi of 0
oct etigsapge el MAT tontesl diymenivifayshdvena deregth cmuat i ahguiaonmiogted inddiog|

channel 1dentit LCI D) designated for .use f Fast _Dor jmn | ndi Q.
oo e tMAC s U-hesartc. Tt neseik: mayyohave T SR, gisssata ot o1 bl B 0
octet ALt Lyeky. : Lindi ' rahb med3abe 402.
Gost ginlfs/EpRRfedetdr, inbRRcl ¥y SBbR! SRk aR il Tetobeerrho medsase

Speci The biH then thamshitsithe MAC iFh indicatios 403nt when the UE maintains UL TA

Accorﬁl)loggll v 'Ilhgene%o%}'/nasye h%narrépEIRefﬁi%ﬁ@%it#glreEBOﬁ&e mes4gé oaeintifar By e
the FD procedure 200, or implicitly by not sending time alignment data to the UE. For
instance, the response message 404 may be RRC Connection Release message or a

MAC control element for releasing uplink resources, such as "release Uplink Control
Information Resource” and the time alignment data may comprise a time advance MAC
control element for aligning the UL time at the UE.

[0034] Figure 5 illustrates another embodiment of an FD indication procedure 500,
where the MAC layer 140 at the UE may be used to send the FD indication to the network
if there is no data to transmit when the UE connection manager 110 and/or the RRC layer
130 decide to forward the FD indication. Specifically, the FD indication may be sent when
the UL TA at the UE is not maintained or when the network does not configure scheduling
requests for the UE. Accordingly, the UE may send a random access preamble 501 to the
network for contention access. Where there are no contentions among the UEs the
network may receive the random access preamble 501 and grant the UE uplink access
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configured for contention free uplink access. The network may receive the
SR nessage 401 and grant the UE uplink access, for instance by sending back
an upl i nkwgramosmssage 402. Due to the short |ength of PCA/SMA0EDI2

i ndi cation, the uplink grant nessage 402 may conprise the uplink resource
needed by the UE to transmt a MAC FD indication, therefore the UE nmay not
need to send an additional nmessage such as a BSR message. For instance, the
MAC Rihémgiossibleoor mpyplitable, fdkGnstante dly eendingtbdckr afBndoai ascessnresponse

oct ermeRAGISNE ThS Nadhe b ofBe el FY Mebaidicing fo ittt age
301. ar%@;fa&ﬁs@%es 50D iy KormBRSE L GplirfiOresblfdeanseidaybys trdUBZortisnina
plin esource ant nmessage 402. The UE then transmits the MAC FD

i ndi ddACORD40dicati@0503. Thereforavdhe URynayheet negsl {o sqid Apiaddjtiapal megsage

response nes 404, siml t : ' ey
ondi HERASA Y piavaneS oEpk st Wi VACFEdiafor 886 ey bERMAC oditf B0t
el e T e e aon Uhl L GO L6l Lol ot TaL L fr
s, such as " ' '
Res oL Slemari 6 Fesutr DaART AN BEUE Al GG EAL 5 BDDY e aVEH BE0 L

o ENIT TR AR 0 el s, Il o ity

er e ment o 1I'ndi catron procedure 500, where the
MAC | purttier 1¢He aétwidile iy seyd lmckse dontentien desolotibmessagat 3hta the KE, to

network if th ' ' i
nd) roNmenRes Tl AR B8 ke deiawers el HEF reply SRR 1)
the F ré%n%étrhgﬁcﬁ%ysm SifiRar YW e EDepideeddreat00,her ikfplicilyrist stoppingaimed or

when the 'networ s not configure scheduling requests_for the UE

Accoralignglont date (t:%JE;esw’alﬁ stmen slematiye ebedimept.oahen ALsBA s at meatRARSh «
net el R Uiy MRESBEHE Dkt SiAib e B Bftaht 1iphelish o, “Melead 0e BE eF,
gggg:?ﬁﬁr‘eﬂég grgﬂ??dﬁrier?gtgdemgg% itmgljbtgeitirfﬁ@;eﬁpirﬁs,asimiﬂab’go theriD pypdeduke 308.andom
i ndi ci0REh, Qempating 10 di5ecedips ﬁb@%@s@‘i{%@ %ﬁﬁg%ﬁ?%@%@ 209 nk
e R g AL rdeatalivy e B i FRg e shone.
For i astiewee.aridnehdM& Fizssades areoserto3 Omytheeothenvhandorsturion the MAC FD
indication no message authentication is executed. However, an ENB may check if there is
any on-going data transfer activity for the UE that may have triggered the FD indication
procedure, for instance based on the BSR messages received from the UE or the downlink
buffer status. If there is on-going activity, the ENB may consider that the FD indication is
invalid and may ignore it. Alternatively, the ENB may provide a small uplink grant to trigger
a BSR from the UE. If the buffer is not empty, the ENB may consider that the FD indication
is not valid. If higher security is required, the MAC FD indication may be extended to carry
a short message authentication code derived from C-RNTI and an integrity protection key
associated with the connection, for example.
[0036] Figure 6 discloses three options that are actually different ways in which FD can
be configured by the network - and it is likely that only a single one of these options would
be adopted by the system at one time. Figure 6 illustrates some embodiments for the
configuration of FD 600, which may be supported in the network. An FD configuration may
comprise a plurality of configuration parameters, including for example, an indication that
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element for FD indication, in addition to a CRNTlI control elenent. For

I nstance, the MAC control elenent and its sub-header may have a | ength
equal to wbaoto/sm®ioctet and the CRNTI control el ement a&ou/ust@ossiyiheader
may have a |l ength equal to about three octets. Further, the network may
send back a contention resolution nessage 504 to the UE, to sol ve any
possi bl e contentions anong the UEs. The network may then reply explicitly
wi t h RDisdigatise are yergiitedDf be isend lay tHeoUEhend=an oo tinetO For onstange, iici t | y
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embodiment, the FD configuration may comprise additional parameters, including a value
for an inhibition timer, which may be preset and used by the network to control the
frequency for transmitting FD indications from the UE, as will be described in more detail
below.
[0038] In an embodiment, the FD configuration parameters or information elements,
which may determine the FD behavior, may be defined using a system information block,
an RRC connection setup message, an RRC Connection Reestablishment message, or an
RRC connection reconfiguration message. In an embodiment, the FD configuration may
comprise an optional parameter which may be configured and hence included or excluded
with the remaining parameters in the system information block or RRC message. As an
example, the FD configuration parameters or information elements in the system
information block or RRC message may be defined as:
FastDormacy-Config ;= SEQUENCE {
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configuration paraneters are applied to all UEs in the cell. In this case,
the UE is granted the right to select the target bearer to which the FD

i ndi cati omownidosagpl y. In a second FD configuration 600PCOuise@m/083912t he RRC
Connection Setup nmessage is used to send the configuration to the UE the
scope of configuration is the UE so the set of configuration parameters is
applied to only that UE receiving the nessage. The UE is granted the right
to sel ect fastDdratayeyinpdsifTemer oEWNUMEBRATEDHEO, fdfidaf10ih f1A00, }AHDTIONALr t her,
inathird FD configuration 600 (Option 3), the RRC Connection

Reconf i gurat= ssage is used to send the configuration to the UE, the
scopebof configuration is the UE or radi o bearer so the set of

configuration paraneters is applied to only that UE receiving the nmessage
or to[0038] r dnlian mmmtuo@eruwem@fmag@ W@%Waﬁd&ﬁttg%da-mypasﬁﬁe FD

confi gur at
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layers at the UE. At block 720, the UE or the network may venfy whether the |nh|b|t timer
is expired. The inhibit timer may be previously set, by the network, for instance for a short
time duration to prevent the UE from sending a second or subsequent FD indication in
quick repetition. The inhibit timer value represents the time duration during which the
device is not allowed to send a subsequent FD indication (even if the other conditions for
invoking FD become true again). The time duration may be pre-set in the standards or
indicated from the network to the device as a RRC dedicated or system information. As
such, the inhibit timer may reduce the frequency of transmitting the FD indications and
hence allow more latency in the connected mode. The method 700 may proceed to block
792 if the inhibit timer is still running or may proceed to block 730 if the inhibit timer is
expired or not running. At block 722, the UE may wait for the expiration of the inhibit timer.
The method 700 may then proceed to block 724, where the UE may verify whether
implementing the FD procedure is still valid, for instance when no more data is yet received
or scheduled. If transmitted or received data is detected or scheduled the FD procedure
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-- default fO} [0039] In an enbodi nent, other types of networks, which may
not be LTE based networks, may support FD behavior or at |east some FD
functi onavotzoess4®uch as a UTRAN. Hence, when the UE maycChasteoanspozrted or
rel ocated between such networks, the FD information el enent may be
transmtted during intra-E-UTRAN handover or inter-radio access technol ogy
(RAT) handover between E-UTRAN and UTRAN. For instance, the RRC connection
I econniag Wot bieorliteyagsre ragnde thes retithe 70 nieynelnd,cvthbovise e oRtod 760 or

E- UTRAN handover, while an Evolved UMIS Terrestrial Radio Access (E-UTRA)
mobi | M@y Peeraesa tiegk $#0.used for handover between E-UTRAN to UTRAN. [0040]
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functions” associated w side. At block 710, the UE waits until it
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i nf or mati ¢ ne inhibit tinmer my red_ucethefreuncz of
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connect ed de. met hod, 70 : j } Toe)
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the i bit tiner. The net hod 700 th d
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| nst alnncs?anvc\:kéegy chiﬁmgewﬂ@fh%r S imMBleni&R@h¥ ¥D procedure in an explicit manner. The
UE decision may also be based on FD configuration, user preference, or network setup.
The FD configuration may include a setting such that the UE can determine whether to
initiate the FD procedure when TA is not maintained based on whether the UE would
benefit in power efficiency from transmitting to the network in order to move to idle mode or
whether it would be sufficient to remain in a timing unaligned status in RRC connected
mode. The method 700 may end when implicit FD is decided, allowing the uplink time
alignment timer to expire. The other embodiments of explicit or implicit decision are
discussed above.
[0042] At block 760, the UE transmits FD indication to the network. The indication may
be an RRC message or MAC control element which are also described above, the method
to be implemented in the UE may be based on system design decision or a network
protocol standard for instance 3GPP TS36.331. At block 770, the UE may start the inhibit
timer since the FD indication has been sent to allow the delay between FD indications and
hence reduce their frequency during connected mode. The method 700 may then return
back to block 710 to restart the FD procedure.
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or scheduled. If transmtted or received data is detected or schedul ed the
FD proceduremay not be valid anynore, hence the nethod 700 may end,

ot herw sewoheiwmmstdvad 700 or may proceed to bl ock 730. [ @04AjS209/0kd%azk 730,
the UE may verify whether data buffer for uplink transm ssion is enpty. The
data buffer is a buffer which stores PDCP Service Data Units (SDUs), PDCP
Protocol Data Units (PDUs) and RLC PDUs for initial transm ssion or
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proceeds to 820 and ends. At block 830, the ENB may decide whether to transition the UE

from the connected mode to the idle mode. The method 800 may proceed to block 850 if

the condition of block 830 is met, otherwise the UE may proceed to block 831. At block

831, the ENB may verify whether the UE maintains UL TA. The method 800 may proceed

to block 833 if the condition of block 831 is met, otherwise the FD procedure may end. At

block 833, the ENB may decide to release the UEs uplink resources implicitly or explicitly.

The method 800 may proceed to block 834 if implicit implementation is decided, otherwise

the method 800 may proceed to block 835. At block 834, the ENB may stop sending TA

commands to the UE, which may be MAC control elements (CE), so the UE wili loose

uplink time synchronization and hence release the uplink resources after expiration of a

certain time. Alternatively, at block 835, the ENB may explicitly release the UEs uplink
resources by transmitting an RRC connection reconfiguration message or a MAC CE, for

instance to release uplink resources.
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timer since the FD indication has been sent to allow the delay between FD

I ndi cations and hence reduce their frequency during connected node. The

met hod 70Wo0rmal/aseem return back to block 710 to restart PCASERD9/063912
procedure.[0043] Figure 8 illustrates a nethod 800 for inplenenting the FD
procedures or functions associated with the network or ENB. At bl ock 810,
the ENB my wait until it receives a no nore data (NVD) indication fromthe
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node. r“l' e net hod 800 nay proceed to block 850 if the condition of block 830
|s me?Nd 88 RBrwi se the UE may proceed to block 831 . At block 831 , the ENB

ﬁfgﬁ?}’ WHeh§E dorankiBdeg ardigpiag 90R. The UE@UMImmoﬂﬁ@srm;othme@smveo
block if the condition of block 831 is net, e ur e
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! Chasr,rsao%la@teed m% g (t)er.llfa;r)ﬁr!mg 'kS&Tﬁa” ﬁ I%putieys *ﬁ‘?ayUEcY“de a I’tr%t%l%wheel, an exit or
escape key, a trackball, and other navigational or functional keys, which may be inwardly
depressed to provide further input function. The UE 901 may present options for the user
to select, controls for the user to actuate, and/or cursors or other indicators for the user to
direct.

[0046] The UE 901 may further accept data entry from the user, including humbers to
dial or various parameter values for configuring the operation of the UE 901. The UE 901
may further execute one or more software or firmware applications in response to user
commands. These applications may configure the UE 901 to perform various customized
functions in response to user interaction. Additionally, the UE 901 may be programmed
and/or configured over-the-air, for example from a wireless base station, a wireless access
point, or a peer UE 901.

[0047] Among the various applications executable by the UE 901 are a web browser,

which enables the display 902 to show a web page. The web page may be obtained via
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uplink time synchronization and hence release the uplink resources after
expiration of a certain time. Alternatively, at block 835, the ENB may
explicitlwonelwas®it he UEs uplink resources by transm t ®PCmgSa009/866812
connection reconfiguration nessage or a MAC CE, for instance to release
uplink resources.[0044] Figure 9 illustrates a wireless comunications
systemincluding an enbodi ment of the UE 901 . The UE 901 is operable for
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the user to direct. [0046] The UE 901 furth
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(LCD), which may include a touch sensitive surface 1030, an LCD controller 1032, a
charge-coupled device (CCD) camera 1034, a camera controller 1036, and a global
positioning system (GPS) sensor 1038. In an embodiment, the UE 901 may include
another kind of display that does not provide a touch sensitive screen. in an embodiment,
the DSP 1002 may communicate directly with the memory 1004 without passing through
the input/output interface 1018.

[0049] The DSP 1002 or some other form of controller or central processing unit
operates to control the various components of the UE 901 in accordance with embedded
software or firmware stored in memory 1004 or stored in memory contained within the DSP
1002 itself. In addition to the embedded software or firmware, the DSP 1002 may execute
other applications stored in the memory 1004 or made available via information carrier
media such as portable data storage media like the removable memory card 1020 or via
wired or wireless network communications. The application software may comprise a
compiled set of machine-readable instructions that configure the DSP 1002 to provide the
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comands. These applications may configure the UE 901 to perform various
custom zed functions in response to user interaction. Additionally, the UE
901 may beopromgsasvred and/ or configured over-the-air, fecTasamoloessizom a
wirel ess base station, a wireless access point, or a peer UE 901 . [0047]
Anong the various applications executable by the UE 901 are a web browser
whi ch enabl es the display 902 to show a web page. The web page nay be 1
obt aigegRed f@vdtiohhitgsoc theaslication Beftwatéﬁrrmyvher bigbdeveieﬂoma{e arstectontte, a

cell tower, a peer UE 901 |, t I
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signal  processing uthShamP” B 9" M ulfionterfiGatiafdn, Prcdafiiddtddiy, t
interleaving/deinterleaving, spreading/despreading, inverse fast Fourier transforming
(IFFT)ffast Fourier transforming (FFT), cyclic prefix appending/removal, and other signal
processing functions. For the purposes of clarity, the description here separates the
description of this signal processing from the RF and/or radio stage and conceptually
allocates that signal processing to the analog baseband processing unit 1010 and/or the
DSP 1002 or other central processing unit. In some embodiments, the RF Transceiver
1008, portions of the antenna and front end 1006, and the analog baseband processing
unit 1010 may be combined in one or more processing units and/or application specific
integrated circuits (ASICs).

[0052) The analog baseband processing unit 1010 may provide various analog
processing of inputs and outputs, for example analog processing of inputs from the
microphone 1012 and the headset 1016 and outputs to the earpiece 1014 and the headset
1016. To that end, the analog baseband processing unit 1010 may have ports for
connecting to the built-in microphone 1012 and the earpiece speaker 1014 that enable the
UE 901 to be used as a cell phone. The analog baseband processing unit 1010 may
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operates to control the various conponents of the UE 901 in accordance with
enbedded software or firmvare stored in nmenory 1004 or stored in nenory
cont ai nedwoi2otwos4idhe DSP 1002 itself. In addition to thecemdseadodsssnftware
or firmvare, the DSP 1002 may execute other applications stored in the
menory 1004 or nmade available via information carrier nedia such as
portable data storage nedia |i ke the renovable nenory card 1020 or via
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sign n sone descriptions a radio transceiver, or RF transceiyer
may Kteansmuters furmtionothien DSRi €l G92harays pgiamm gneewatiomqceding: irdRdeaYING s8R% as

pr o B FBadthe?  (oroUEL ok RSP, TOSTHID (EAoRh esitatiha,
1S B 0 ot ampenspmeny i S o
e eat Sondetndbions oo obss ACREMA wsdbldy abdRerRE i by
bascomtret Behaf RISH g2, inaf et BloghleRa. cBuRGRRerinir, iheraoal g
pr oc efagt PEuIiET thansfornsingrarehbydicrrefis apperdimg, andfarcerapsiver function the DSP
1002 may perform cyclic prefix removal, fast Fourier transforming, deinterleaving,
decoding, and demodulation. In other wireless technology applications, yet other signal
processing functions and combinations of signal processing functions may be performed
by the DSP 1002,
[0054] The DSP 1002 may communicate with a wireless network via the analog
baseband processing unit 1010. In some embodiments, the communication may provide
Internet connectivity, enabling a user to gain access to content on the Internet and to send
and receive email or text messages. The input/output interface 1018 interconnects the
DSP 1002 and various memories and interfaces. The memory 1004 and the removable
memory card 1020 may provide software and data to configure the operation of the DSP
1002. Among the interfaces may be the USB interface 1022 and the short range wireless
communication sub-system 1024. The USB interface 1022 may be used to charge the UE
901 and may also enable the UE 901 to function as a peripheral device to exchange
information with a personal computer or other computer system. The short range wireless
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1008, portions of the antenna and front end 1006, and the anal og baseband

processing unit 1010 may be combined in one or nore processing units and/or
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mechanism may be the LCD 1030, which may include touch screen capability and also
display text and/or graphics to the user. The LCD controller 1032 couples the DSP 1002 to
the LCD 1030.
[0057] The CCD camera 1034, if equipped, enables the UE 901 to take digital pictures.
The DSP 1002 communicates with the CCD camera 1034 via the camera controiler 1036.
In another embodiment, a camera operating according to a technology other than Charge
Coupled Device cameras may be employed. The GPS sensor 1038 is coupled to the DSP
1002 to decode global positioning system signals, thereby enabling the UE 901 to
determine its position. Various other peripherals may also be included to provide additional
functions, e.g., radio and television reception.
[0058] Figure 11 illustrates a software environment 1102 that may be implemented by
the DSP 1002. The DSP 1002 executes operating system drivers 1104 that provide a
platform from which the rest of the software operates. The operating system drivers 1104

provide drivers for the UE hardware with standardized interfaces that are accessible to
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by the DSP 1002. [0054] The DSP 1002 may communicate with a wireless
network via the anal og baseband processing unit 1010. In sonme enbodinments
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1002 via the interface 1018 to provide one mechanismfor the user to .nmake
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system 1200 might include network connectivity dewces 1220, random access memory
(RAM) 1230, read only memory (ROM) 1240, secondary storage 1250, and input/output
(1/O) devices 1260. In some cases, some of these components may not be present or may
be combined in various combinations with one another or with other components not
shown. These components might be located in a single physical entity or in more than one
physical entity. Any actions described herein as being taken by the processor 1210 might
be taken by the processor 1210 alone or by the processor 1210 in conjunction with one or
more components shown or not shown in the drawing.
[0060] The processor 1210 executes instructions, codes, computer programs, or scripts
that it might access from the network connectivity devices 1220, RAM 1230, ROM 1240, or
secondary storage 1250 (which might include various disk-based systems such as hard
disk, floppy disk, or optical disk). While only one processor 1210 is shown, multiple
processors may be present. Thus, while instructions may be discussed as being executed

by a processor, the instructions may be executed simultaneously, serially, or otherwise by
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di splay text and/or graphics to the user. The LCD controller 1032 coupl es
the DSP 1002 to the LCD 1030. [0057] The CCD canera 1034, if equi pped,

enabl es tWe H/B@bi1to take digital pictures. The DSP 10@2Tamspomansidat es Wt h
the CCD canera 1034 via the canera controller 1036. In another enbodi nent,
a canera operating according to a technol ogy other than Charge Coupl ed

Devi ce caneras nmay be enployed. The GPS sensor 1038 is coupled to the DSP
1002 ¢ie decoditiplgl mbebssosi t Tlmmipnocesgst d&18irgapnibe, implemebiece aalgriengr e UE
901 tQ determne its position. Various other peripherals may al so be
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her ei receivetihfonyatiemonto whichrtha ppocasser dA10 ayaht outpd Ief@ﬁFBGHéfht 1114 ni ght be
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CPU) , céiductors, in coaxial cables, in waveguides, in optical media such as optical fiber, or in
other media. The transceiver component 1225 might include separate receiving and
transmitting units or a single transceiver. Information transmitted or received by the
transceiver component 1225 may include data that has been processed by the processor
1210 or instructions that are to be executed by processor 1210. Such information may be
received from and outputted fo a network in the form, for example, of a computer data
baseband signal or signal embodied in a carrier wave. The data may be ordered according
to different sequences as may be desirable for either processing or generating the data or
transmitting or receiving the data. The baseband signal, the signal embedded in the carrier
wave, or other types of signals currently used or hereafter developed may be referred to as
the transmission medium and may be generated according to several methods weil known
o one skilled in the art.
[0063] The RAM 1230 might be used to store volatile data and perhaps to store
instructions that are executed by the processor 1210. The ROM 1240 is a non-volatile
memory device that typically has a smaller memory capacity than the memory capacity of
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system 1200 m ght include network connectivity devices 1220, random access
menory (RAM 1230, read only menory (ROM) 1240, secondary storage 1250, and
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may not be present or nmay be conbined in various conbinations wth one
another or with other conmponents not shown. These conponents m ght be
located in a single physical entity or in nore than one physical entity.
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o2l o STARET SRR ARy orgty (e taemi
Specifications (TS) are incorporated herein by reference for all purposes: TS23.401,
TS23.203, TS36.331, TS36.304, TS36.321 and TS36.300. The foliowing U.S. patent
applications are also incorporated herein by reference for all purposes: 11/302,263 filed
12/14/2005; 60/747,466 filed 05/17/2006; 11/464,380 filed 08/14/2006,; 60/956,785 filed
08/20/2007; 12/195,018 filed 08/20/2008; 61/061,359 filed 06/13/2008; 61/074,856 filed
06/23/2008: 61/086,955 filed 08/07/2008; 61/089,731 filed 08/18/2008 and 12/270,522 filed
11/13/2008.

[0066] In an embodiment, a method is provided for sending a Fast Dormancy (FD)
indication from a User Equipment (UE) to an access device through a Media Access
Control (MAC) layer. The method includes receiving an indication from an upper layer that
there is no more data for a prolonged period of time and generating and sending a MAC
control element to the access device.

[0067] In another embodiment, a method is provided for responding to a FD indication
from a UE. The method include responding to the FD indication by at least one of
releasing a connection with the UE, moving the UE from a connected mode to an idle
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frequency signals. Alternatively, the data nay propagate in or on the
surface of electrical conductors, in coaxial cables, in waveguides, in

opti cal medi2aic3edvias optical fiber, or in other nedi a. PCmaSkeoansde: ver
conponent 1225 mi ght include separate receiving and transmtting units or a
single transceiver. Information transmtted or received by the transceiver
conponent 1225 may include data that has been processed by the processor
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execution of the instructions. Access
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layer by receiving an indication from an upper layer that there is no more data for a
prolonged period of time, and generating and sending a MAC control element to the
access device.
[0072] In another embodiment, an access device is provided. The access device
includes a processor configured such that the access device responds to a FD indication
from a UE by at least one of releasing a connection with the UE, moving the UE from a
connected mode to an idle mode, replying with a reconfiguration message to release an
uplink resource to stop an uplink transmission of a channel status report, and stopping
sending a time alignment command to the UE.
[0073] In another embodiment, an access device is provided. The access device
includes a processor configured such that the access device responds to a FD indication

from a UE through a MAC layer by determining whether there is any on-going data transfer
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depicted in the previously described drawing of the UE 901 , such as the

di splay 902 and the input 904. [0065] The following Third Generation

Par t ner shwp 2Proajsesstt ( 3GPP) Techni cal Speci fications (TSpcarus20000639pDr at ed
herein by reference for all purposes: TS23.401, TS23.203, TS36.331 ,

TS36. 304, TS36.321 and TS36.300. The following U S. patent applications are
al so incorporated herein by reference for all purposes: 11/302,263 filed
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T o e mrmcis: e bt erey e s TES s by 5o, 2

recei letgrghonnlsun%t '&6‘ Bleimﬁ toqﬂg details given herein. For example, the various elements
or components may be combined or integrated in another system or certain features may
be omitted, or not implemented.
[0077] Also, techniques, systems, subsystems and methods described and illustrated in
the various embodiments as discrete or separate may be combined or integrated with other
systems, modules, techniques, or methods without departing from the scope of the present
disclosure. Other items shown or discussed as coupled or directly coupled or
communicating with each other may be indirectly coupled or communicating through some
interface, device, or intermediate component, whether electrically, mechanically, or
otherwise. Other examples of changes, substitutions, and alterations are ascertainable by
one skilled in the art and could be made without departing from the spirit and scope

disclosed herein.
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sending the RRC FD indication. [0070] In another enbodinment, a nethod is
provided for handling a FD indication during an inter-radi 0 access

t echnol ogyORRM4RAndover. The met hod includes transmi t PRFSRY/063912
configuration paraneters using a RRC connection reconfiguration nessage
during a handover to a long termevolution (LTE) network. [0071] In anot her
enbodi nent, a UE is provided. The UE includes a processor configured such
that the UE sends a FD indication t&ldMitcess device through a MAC | ayer

by reggixyi: ngdi cati on froman upper |ayer that there is no nore data
for aq@b#%%@ﬁegﬁi od of tine, and generating and sending a MAC contr ol

el enrent to the access device. [0072] In another enbodi nent, an access
device is provided, The access device includes a, processor caonfjgured such

that the afc@eihestior sendisgbhast Rermansey (FRyindication frorgm HseEayipaent dds
one iio BR A8 deviof HIBEGH Mol Akdlle ol WAL 1dya? ddmbrigiiga connect ed
e repl th a I gur

node to an i node, ying w recon t1'on nessage to rel ease an
upl i nk r esoecaidng oars tingicatiom fromkan reppem Byeoithatf there hisnnel meteatdada rfopat |
and st oppi ng sendi ng a tine a}t[%n,ms(% command to the UE. [0073] In another
embodi ment, an REYEULEHRGHIQLOTUME 80F ded. The access device includes a

processor e@AbiAinghdSsEHind'aMAOoAGERSIBMERY te-the R8s device. a FD _
i ndication froma UE through a MAC | ayer by determ ning whether there is

any on-going data transferactivity for the UE that may have triggered the

FD i ndj cat i i ' t L0 ' j Aola]l

transrer - adtPUNEoPBEoa, f e orbigho B pP benafndydhg iy
i ncl udigs MAQT eorttas slerent itguhedascess dédwite tihan UBEsaplittk &nfeDalignihentt isonot o
an access devjce through a RRC protocol |ayer, wherein, when a UL TAis
mai nt ANFB@NE% ween the UE and the access device, the UE sends a schedul i ng
request, receives an uplink grant, and sends the RRC FD indication. [0075]
I n anot her enbodinent, a UE is provided. The UE includes a processor

confi @ur ed Thecimetiiort of fokaiE 1hdurtherscampiising dietemivingdwhethgr 4o $ence therKkD

handover, ARSI H.ER GOhHAAY Liirpar amet ers using a RRC connect on

4, The method of claim 3 further comprising refraining from sending the FD indication if
the UE knows that the network inactivity timer expires in a predetermined period of time.

5. The method of claim 1, wherein the MAC control element has a fixed size.
6. The method of claim 1, wherein the MAC control element is identified by a MAC
sub-header comprising a unique logical channel identity (LCID) designated for FD

indication.

7. The method of claim 1, wherein the MAC contro! element is extended to carry a
short message authentication code derived from a celi radio network temporary identifier.
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message during a handover to a LTE network. [0076] Wil e several

enbodi nents have been provided in the present disclosure, it should be
under st oostotznarostdve di scl osed systens and net hods nmay becerdseaveddsin many
ot her specific fornms wi thout departing fromthe spirit or scope of the
present disclosure. The present exanples are to be considered as
illustrative and not restrictive, and the intention is not to be limted to

the dgt ai | A ngéthed ofesspondiriepio @ FaspDermariey (FD)iindisatidrefrent a User Egnipomentt s
o £ &45) GRIEING resPengada. e 6D PICAIGH by ELISHR GIBST. syst ems.  subsyst oms.
and net hod éicﬁﬁ‘gj; i ed in the various enbodi nents as

di screte o'r%lsep %?gﬂr&%%ewtﬁﬁﬁﬂgd or integrated with other systens,
nmodul es, trobingde$E fronma chonkcted tiasiettogupidietmadef rom t he scope of the
present disclosure., Other itens shown or .di e : [ |y
coupl ed or &P H‘f'@a?irﬁﬁoﬂ\ﬁqqﬁa MS5eAdey t?rdéfseégauﬂh??’%@ﬂ%"?@%ﬁ%%@fgh

conmmuni cati ng t fbiiGarfpiiBsibA of BfckaAneRdiuegepdit; ar er nedi at e conponent,
whet her electrically, nechanically, or otherw se. O her exanples of

changes, sstoppingwending a time aliongrent comnandtodbed!kE.ai nabl e by one skilled in
the art and could be made wi thout departing fromthe spirit and scope

di scl osed herein. CLAIM5S What is clained is: 1. A nethod for sending a Fast
Dor magcy ( ABhethodiof atépondingto a FaseDofnanpndFi) iddiEptionfram adlses Eaumment

t hrough_a Media Access Cont ol é?@ﬁ | ayer, con'gri_si ng: receiving an

i ndi c&dE)dhraughng Me%ésﬁeﬁ%{}eﬂtf ' QH@%@' CeMRESN8r e data for a prol onged
od of Lo . . .

period o aétgﬁngﬁibﬁgﬂ@%ﬂgrﬁg%%g?@gg oTEG6ihE Yata WaRsfep athivily for EVEUE that hizg

access devi Ce. aim1, “further conprising refraining from
generating and bavaltriggetedbtheitD indicatisin; @ndnent to the access device if an

UE uplink tine alig nt. 1S n mai. nt ai of claim1,
further coﬁﬁ?i'@ghba ﬁﬁﬁ%é'ﬁ?ﬁ%gt“\'ﬁ{st'%8ﬁ’9?§%s%%8 tﬁ‘g’fﬁ%'cati on based on
the status of an inactivity timer.

10. The method of claim 9, wherein the determination is based on a Buffer Status

Report (BSR) received from the UE.

11.  The method of claim 9, wherein the determination is based on a downlink buffer

status.

12.  The method of claim 10, further comprising:
providing an uplink grant to trigger the BSR.

13. A method for sending a Fast Dormancy (FD) indication from a User Equipment (UE)

to an access device through a Radio Resource Control (RRC) protocol layer, comprising:

| when an uplink (UL) time alignment (TA) is maintained between the UE and the
access device, sending a scheduling request (SR), receiving an uplink grant,

and sending the RRC FD indication.
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4 . The nethod of claim3 further conprising refraining fromsending the FD
indication if the UE knows that the network inactivity tinmer expires in a
pr edet er mvoediopsuisod of time. 5 . The nethod of clai m 1pCrhse@dnciohe MAC
control elenment has a fixed size. 6. The nethod of claim1l1, wherein the MAC
control element is identified by a MAC sub-header conprising a unique

| ogi cal channel identity (LCID) designated for FD indication. 7. The nethod
of cl #4.m 1Thevnesthod dfrmauhm:spmrthemlcoaimmg, sending arudier tstatuarreporh (BRIt

nmessage aut hentl cati.on code derived froma cel.l radio ne

| dont MesEATE aNer FeeRisagoie: LBl &%‘ A9 9ENNDR FRARY %ﬁ'@@f@?ﬂfﬁ
fromg, ﬁ% Héqu@npgtm&bﬁ)orporrprl sing responding to the FD indication by at
| east on rel easing a connection with the UE, noving the UE froma

connected node to an idle node; replying with a reconfi guratl on nessage to

I I | ;
St at albr opBhe melfiod BF SRR . SuRPR 48 RAR- pRApLAATT S U8 Wlerfu TS o
A et hednaitdifePBeRliei the WE BaaithPatomsscdevideo sendi aeandmm Broesspreamble,
Equi prent (UE) through a Media Access Contr ol

C
det er anchiwiteraiie 8 H@NdORE AECRSS eﬁ@ﬁp%ﬁeg'@reﬁﬁa%t'%g??%l é? C@ﬁpy rﬁd{ﬁﬁ%PHe UE
t hat %&és%'@ev% ggered the FD indication; and ignoring the FD indication
if th 'i ng data transfer activity. 10. The nethod of claim?9,
wherein the determ nation is based on a Buf fer Status Report (BSR) received

f the UE. 11. Th th f cl wh d

on 8 #wni The MAIneRpr JRIm 19, Whsteinyes iR Proldil FEF i gt when 'tr%edgﬁse
icet the BERefraihis flomsehdithgf

(S:ggg'rxéllgg H{aﬂﬁogﬁg%@m e%%kh?ﬁﬁﬁ"fhﬁ]&fﬁfn@%@lﬁir Equi gr:ent (UE) to anor

acces&@léi)umrhcatmghsagme aressufledc®ont rol (RRC) protocol |ayer,
conprising: when an uplink (UL) time alignnment (TA) is maintained between
the UE and the _ ]

17. A method of handling a Fast Dormancy (FD) indication during an inter-radio access

technology (RAT) handover, comprising:
transmitting FD configuration parameters using a Radio Resource Control (RRC)

connection reconfiguration message during a handover to a long term

evolution (LTE) network.

18. The method of claim 17, further comprising transmitting the FD configuration
parameters using an Evolved UMTS Terrestrial Radio Access (E-UTRA) mobility command

during a handover from the LTE network.

19. A User Equipment (UE) comprising:

a processor configured such that the UE sends a Fast Dormancy (FD) indication to
an access device through a Media Access Control (MAC}) layer by receiving
an indication from an upper layer that there is no more data for a prolonged
period of time, and generating and sending a MAC control element to the

access device.
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access device, sending a scheduling request (SR), receiving an uplink
grant, and sending the RRC FD indication.14. The nmethod of claim 13,
further cwoppioismyl sending a buffer status report (BSRpCcrass@gecmfil er
receiving the uplink grant, and receiving a second uplink grant before
sending the RRC FD indication. 15. The nethod of claim 13, wherein the RRC
protocol layer is used when the UL TA is not maintained between the UE and
t he aamessTHeVECS dlains ¢9,dwaeremnM&ue&amsﬁrm‘ar@ﬂnerathgda%%@ing the Midom
access response nessage |s ecei an RRC i.ndi caf.ion, nes e is sent.
o oRntiob RGeS o Biesfichess demiver b Ut Wl ae AlGTBRG 5 20t Falgareds  us o
when the UL TA is not nmuaintained between the UE and the access device, the

UE refrains fromsending the FD indication nmessage to the access device.
17. A*ret hithe BE trﬁacidirm n§, whesain the Utadeterirms Wh@ﬁh@aﬂ@ sandthe R indication

inter-ra |o cc chnol RAT) handover, conprisin transmtting FD
confi p§ éPé"%@R’ﬁ&Q'H‘%dl o] Resource gnt r ol g(RRC) connect igon
reconfi guratl on nessage during a handover to a Iong term evol ution (LTE)
network. 18. The method of claim 17, further, c i Si a e FD
conf i 22ir at Then U phaleirard! fusthes CQW@WQ/@TW% ﬁggag’ﬂatﬁem"&é’ﬁ%gj&g

(E @AH%@@Wgr{?éﬁﬁgﬁa%rﬂwﬁé&ﬂ.tet.nmﬂg%s Y Btedeforirified poiod bt tirkg. A

User comprising: a processor configured such that the UE
sends a Fast Dor mancy (FD) indication to an access devi ce through a Media

Access Control ( MAC) C upper | ayer
that 2her elfhesUfof .t%he%mﬁ' 3\“%?0‘%5@8'3 %ﬁtlﬂ'gg%{){?@rgfé:d generati ng
and sending a MAC control el enent to the access device.20. The UE of claim

19, wherein the UE refrains fromgenerating and sending the I\/ACr‘@get %I
el emePd. t oThé&JEaot elaim diéy ivdeerein tha NMACugantiok elementyis;ident su

Cend fearisomseing. s bopSdadioRl lablel BERE Goidfuen ﬁ%@?‘%‘“ﬁ?‘&‘é‘rﬁ“‘er °

25.  The UE of claim 19, wherein the MAC control element is extended to carry a short

message authentication code derived from a cell radio network temporary identifier.

26.  An access device comprising:
a processor configured such that the access device responds to a Fast Dormancy

(FD) indication from a User Equipment (UE) by at least one of:

releasing a connection with the UE;

moving the UE from a connected mode to an idle mode;

replying with a reconfiguration message to release an uplink resource to stop
an uplink transmission of a channel status report; and

stopping sending a time alignment command to the UE.
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22. The UE of claim2 1 further conprising refraining fromsending the FD
indication if the UE knows that the network inactivity tinmer expires in a
pr edet er voediopsuiood of time. 23. The UE of claim 19, wreraiseomlnessnnC
control elenment has a fixed size. 24. The UE of claim 19, wherein the MAC
control elenment is identified by a MAC sub header conprising a uni que

| ogi cal channel identity (LCID) designated for FD indication. 25. The UE of
cl ai @719, Amaceess ddviceMi®nposingol el enent is extended to carry a short
message authenticatio

d | _radi
Gont 111 ora PRFSSAA SOTSLEG SP Ve Aceray dexcp, Beadudy (48 fas TRRRRERY,
that the accesqrﬁﬁvﬁcgea %déljser Eqﬁwerwqumuwugﬁla) Metlii AgddserCoritasn a

User Equi prent east one of: releasing a connection with the UE
novi ng the UE f(M;qsﬁ)almd@pto@memnumgtwhatmerdherm@nyr@wgpmggdﬁtac fragsfer

reconfiguration 0

{ranom 551 on orelvE e Wt Biaiide fRys Madsfed FRFEDfabandH 2o Bhdiy'he
al i gnment comreprp iRdicatiom iheld is dm-gamgedtta transfee activity. i si ng: a processor
configured such that the access device responds to a Fast Dormancy (FD)

indication froma User Equi pnent (UE) through a Media Access Control (MAC)

| ayer,by 0L 0i t t ®uffert y
for 1L Ui A R i e B e e R the e

i ndi csfat@Report @SR) receivedgoomdghedta transfer activity. 28. The access
device of claim27, wherein the determnation is based on a Buffer Status
Report (BSR) received fromthe UE 29. The access device of claim 27,

wher epq t h?h@%&?éé@ 84i0 b TS E dwRerei dakionintibhes teisetiun alibwilin

access ‘device of claim 28, further comprising: providing an uplink grant to
tri goeuffarstatB&R. 3 1. A User Equi pnent (UE) conprising: a processor
configured such that the UE sends a Fast Dormancy (FD) indication to

30. The access device of claim 28, further comprising:
providing an uplink grant to trigger the BSR.

31. A User Equipment (UE) comprising:

a processor configured such that the UE sends a Fast Dormancy (FD) indication to
an access device through a Radio Resource Control (RRC) protocol layer,
wherein, when an uplink (UL) time alignment (TA) is maintained between the
UE and the access device, the UE sends a scheduling request, receives an
uplink grant, and sends the RRC FD indication.

32 The UE of claim 31, further comprising, the UE sending a buffer status report (BSR)
message after receiving the uplink grant and receiving a second uplink grant before

sending the RRC FD indication.

33,  The UE of claim 31, wherein the RRC protocol layer is used when the UL TA is not
maintained between the UE and the access device to send a random access preamble,

and wherein a random access response message is received and an RRC indication

message is sent.
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an access device through a Radi o Resource Control (RRC) protocol |ayer,
wherein, when an uplink (UL) tinme alignnent (TA) is maintained between the
UE and t hOZ0W4843% evi ce, the UE sends a schedul i ng req8&d{US20080&¥%%s an
uplink grant, and sends the RRC FD indication. 32. The UE of claim 31,
further conprising, the UE sending a buffer status report (BSR) nessage
after receiving the uplink grant and receiving a second uplink grant before
sending the RRC FD indication. 33. The UE of claim3 1, wherein the RRC
proto I ES I t i [ nd
t he ag‘%és S a%(;%\rlvgeo#iaqg]e%\gqghér%ﬁ]d é{m%@(@ g g:gﬁgrp ({gﬁgpégygﬁ% %tg\r,@ﬁ%n gﬂbreg#i@n
accessds hospairtainet behgeen the BEcantEthecautess dBIACe| theki B rehainsEpagendiag the
sent. 34, The UE of claim31, wherein, when the RRC protocol |ayer is used
when thHidindicatiannessage g the acARSP ¢RYRen the UE and the access device, the
UE refrains fromsending the FD indication nessage to the access device.
35. A User Equi pnent (UE) conprising: a processor configured such that the
UE harfll. es AaUBesEqiipmem {YEJ EONnprisidgcat i on during an inter-radi o access

= Radi o RodbBRERTD oY SEBRTAhS LBnpeBR A EROh R BEERTI R 2
handover to a | Qgingeiniri¥otadid aBcddsTRrhAGIbYP(RAT3 thanfbeel by afanshritting ¥D

wherein the UE transmts the FD configuration_paraneters ushn an Evol ved
UMTS Terr est ri alcorfigurgtiop esametersuRing arigdia Resewsaerenter! R@aﬁ%ﬁ@%r

fromthe LTE ne%\@é#ﬁguration message during a handover to a long term evolution (LTE)
network.

36. The UE of claim 35, wherein the UE transmits the FD configuration parameters
using an Evolved UMTS Terrestrial Radio Access (E-UTRA) mobility command during a
handover from the LTE network.
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