[ 0001] METHOD AND APPARATUS FOR ENHANCI NG DI SCONTI NUOUS RECEPTI ON I N

W RELESS SYSTEMS [ 0002] FI ELD OF | NVENTI ON [ 0003] The present invention
relates to wirel ess conmunication systens. Mdre particularly, a nethod and
apparatus is disclosed for enhancing discontinuous reception (DRX) in

wi rel ess systens. [0004] BACKGROUND [ 0005] A goal of the Long Term Evol ution
(LTE) program of the Third Generation Partnership Project (3GPP) is to
bri ng new technol ogy, network architecture, configurations and applications
and services to wireless networks in order to provide inproved spectral
efficiency, reduced IatenCéF faster user exEFriences and_richer

appl i cati on§08Hd servi ce MITHOD AND ABBARATPS EOR ENHANCENGY eat e an Evol ved
Uni versal Terrestri al DIRGPETRITOSS RECHRETRONENWIRRL.ESE SYSTHEMS an LTE
conpliant network, discontinuous reception (DRX) operation is used by a

W rel ess tr[@fjéﬂi t/receive unit (W HOFINGE DRX all ows the WIRU to
sl eep during regular intervals and Wake up at specific tinme instances to
verify if t(0803let worRhdpresetdtinvension irelatds30&itefldsg goraminidatios systempi cal

prot ocol st r.chi ure f T rk.i rglan i t he prior
art. The sys gem%r?g@&?%g#’uae%%%nbog?ﬂ%tﬁ}{% ,{%dcggcg&s%g,\ﬁ? %glfw 3{31) an access
gat eway (aG@Mcobinous reeeptaad BDRX) ¢t wiartless §d6Ghs.pr ot ocol 108 and a packet
data convergence protocol 110 (PDCP) may reside in the WIRU 102 and the aGW
106 to allow for conmuni cati on between the devices. A radio resource

control (RROPO4Irotocol 112, a radi BAOKGROUND ol (RLC) protocol 114, a
el 2 oRB0Ror o e R e e P ERY S Rl afTHL) L0 ™
bet ween t hagéned@iidiL PartnbRAOS PI6ject RBGPP) & €F Bring héwRyh@N6d R ntwdtkt WO
states: RRCa_rlclglfgtl?rg?cohﬁgurations and applications and services to wireless networks in
order to provide improved spectral efficiency, reduced latency, faster user
experiences and richer applications and services with less cost. LTE's aim is to
create an Evolved Universal Terrestrial Radio Access Network (E-UTRAN).
[0006] In an LTE compliant network, discontinuous reception (DRX)
operation is used by a wireless transmit/receive unit (WTRU) to save power.
DRX allows the WTRU to sleep during regular intervals and wake up at specific
time instances to verify if the network has data for it.
[0007] Figure 1 shows a typical protocol stack architecture for an LTE
network in accordance with the prior art. The system may include a WTRU 102,
an e Node-B (eNB) 104 and an access gateway (aGW) 106. A non access stratum
(NAS) protocol 108 and a packet data convergence protocol 110 (PDCP) may
reside in the WTRU 102 and the aGW 106 to allow for communication between
the devices. A radio resource control (RRC) protocol 112, a radio link control
(RLC) protocol 114, a medium access control (MAC) protocol 116 and a physical
layer (PHY) 118 may reside in both the WTRU 102 and the eNB 104 to allow for
communications between those devices.
{0008] The RRC protocol 112 may operate in two states: RRC_IDLE and
RRC_CONNECTED. While in RRC_IDLE state the WIRU DRX cycle is
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RRC_CONNECTED. While in RRC_IDLE state the WIRU DRX cycle is configured by
signaling over the NAS protocol 108. This state includes systeminformation
broadcasts, paging, and cell resection nobility. A WIRU in RRC |IDLE state
preferably is allocated an I D nunber that identifies the WIRU in a tracking
area. No RRC protocol context is stored in an eNB. [0009]In the
RRC _CONNECTED state, the WIRU nay make a connection with an E-UTRAN. The
E- UTRAN knows the cel] to which the WIRU bel ongs to so that the network can
transnit arfanfigured b signeking eyerthe NS proiorel 108, “This stateinchydereystemst at e, t he
net wor k_conk ;s phirbidoisteN3agRKeRhaaRd eERUGsARIUChSWATIE BT cel

t RLC/ MAC |

measurenents. Furthernore, at 1 evel, a WIRU can transmt and
recei ve datBRGJIDIExtntelprefarabhoisiallasatedam] R onmber ihehidentifies thadl¥THY channel

for a shar . ehy t ' r. Qe;ﬁ fﬁi er the shared data
channel haggggg%\c%%]%%gt 58’?%@@%&@‘3#6% aﬁglgeol@?'eports channel

qual i ty i nfl000%ht i on Tatke RREJDANNEGHED state, the WERUheayahigke #connection

DRX/ di scont_i.auou S Sl erd od.can.h i ording to
wrRU sot vty Fabay TR IR DTk e AR h B AN ERR BT OF
This is typothid thetretiworkcant trahsnit ahl ee@NB. d4t0 @d/6pbhihe NKERPL dnadthel 108 may

operate in T D state, in ich there..is no entity. The NAS
pr ot ocol 16@%@%@@??&%’% %?ﬁw?#%_olnﬁ_ §’t°§{héy (ﬂ?@%ﬁé‘dl\fﬁé pr ot ocol
&2_8 hrmy OPEVERY doRdadis B%hb?@llsmééﬁwem&tﬁe Fiumtﬂe?ﬁgidaEmmmsM(e, kduri n%
ich sone intor Lon may be stored in the WIRU and in the network, suc
as | F addr &8% ?,%Bifﬁaﬁtffyné?ébﬂcg‘?ﬁ}ﬁ%‘?awoﬁ' 8BFTersandPeRlE R on and
radi o bear @bstrollBgnaingthahf8d6Eh BParet daa EHAMSI td QBSF Akyetrhighissibhy deci ded
in the eNB or the aG)N. [0Q111 The NAS protocol 108 may al eﬁ ({Eer ate in an

LTE_ACTI ' viever theshargdidata chanmghiaas begn pitpcaged\iotbe M RY at e Aise state,

state transiidriehamel EXQ%%QHo\‘mQﬁGﬁ dgad :_éHbtaE'l? B Sod RetiR@NBIA012] DRX
may be activated in LTE ACTIVE state, which corresponds to the

RRC_CONNECHEiX/disgantinugyprsrapsmissionsdtiX) esiod ivap heognrieyrad aceording teTE_ACTI VE
state are tvtf'Pﬁﬁt Uity f&e1 &?gg&g} é%@&&ﬁi LrBRAK RIS ufiliz AW, Bhidiesi s, such

as Vol P. Also, ose  servic enerating delay Insensitive bulk packets on
an i nf r equérpicifsunder soptiolof tie¢NBay run in the LTE_ACTIVE, as well as

t hose servi g@@ gener irﬂﬁ rggl qlﬁgl Qeﬁ:%:?ﬁ %{’f&@HEB% +8S, Pr esence
service. | (S 1 f Base&%tgn é C cglrl;b?t e iozjf'll%cs 0 t'ﬁEe‘ af or enent Fhon’e servi ces,
dat a which there is no RRC entity. The NAS protocol 108 may also operate in an

LTE_IDLE state. Also, the NAS protocol 108 may operate in an RRC_IDLE

state, while in LTE_DETACHED state, during which some information may be

stored in the WTRU and in the network, such as IP addresses, security

associations, WITRU capability information and radio bearers. Decisions
regardiﬁg state transitions are typically decided in the eNB or the aGW.

[(0011] The NAS protocol 108 may also operate in an LTE_ACTIVE state,
which includes an RRC_CONNECTED state. In this state, state transitions are
typically decided in the eNB or the aGW.

[0012] DRX may be activated in LTE_ACTIVE state, which corresponds to
the RRC_CONNECTED state. Some of the services that would run in the
LTE_ACTIVE state are those services generating small packets on a regular
basis, such as VoIP. Also, those services generating delay insensitive bulk

packets on an infrequent basis, such as FTP, may run in the LTE_ACTIVE, as
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transm ssion/reception may be performed during DRX operation wthout RRC
signaling. Also, a DRX cycle |length should be | ong enough for battery power
savi ngs. Furthernore, the anount of data transmitted within a DRX cycle
shoul d be variable fromcycle by cycle. For exanple, DRX for FTP service
may allow an increase in the anbunt of data for each DRX cycle.

[0014] Figure 2 shows a DRX signal structure 200 in accordance wth the
prior art. A"H active P‘griod 202 is the period duribn% when a WIRU s
transm t t erV§Eesdhyis serdess geperatigg small Packataoa e bags #H8h APTERRCRer i od
during wheneg/idRU s transmtter/receiver is turned off. A DRX cycle |length

206 is the tine distance between consecutive active_ period,start positions.
[0015] The DRHyci e Basaden thecharagtepaticsa dhorniogementicned spryicedrdata

consi deri ngriAiehiShig/tde¥ptRn B8Y bk pErfbiARed) durdsp DRRYakstidd wRhSR/RTRRC €
activated in the WIRU. "‘Active period start positions should be

unanbi guousignaliagntilsq, adDBY ayeleengtb st berdang peoughEor atars|pevern act i ve
period starg vi{Bg§.' tl‘.‘tﬂ'ﬂlerﬁllafe, YRk %?ﬁhfaogrﬁﬁ&nﬂéd'-%itﬁﬁn&r ‘&?@}Qnel during

a predefine me interval to see wnether ere Is incomng data. A length
of the act isheulddeivadiablpXroma eytie by aydla oz examplen BRXyfoo HTPseraeeomay of dat a

to be transm it ed dur] B@ﬁl 0] position of active
peri od 202%?%‘/ %gng%a%%%% Sl gngﬁy(g%gtgé etgﬁ%% olre'i nplicitly assuned
after inactl0@idy of RigerefrshdesiaRK signel stniceure 00 inJptdordandawithttheansm ssi on

can be initiated,anytine.during,t sl eriod 204. Activ ,,od uplink
Gata b ans DL B BRaveupshd 12,5 AR Rrin Cfe e siens hL Bzt 0F

[ 0017] Fi guntean3nfittemEecaivets tudiyel orDRXd aedéepdpedidd 202 iathe padad duribg h t he
prior art. The t r nmethod may he used o rt. flexi .DRX and
Pre o gt PR SRt iaravars BReq At o8 LECHie GRPAMBIS Ao or 1 i ng
to Figure 3he Gndd dftaheisdtwbERconseiudive 30kvd Ferfodista@ipbsidioty t he RRC. The high

| evel DRX interval 6 ends upon the basic, flow requitenents of the
connect i on,[&? exazcg‘ﬁe‘gﬁgo‘iyg’é 189@?‘ 408 %&ebﬁiﬁm’i‘@&%é{néeﬂ?éw?’ikke. The

hi gh I evel cQ@méﬁﬁgechuqhan%Q@sérﬁc@( 9 reflidentl@tEsraisBeteMtivdled iMdhe i N the eNB
and is signaled to the WIRU usi ng control signal.i gg ]_&0&)18] A | ow | evel
DRX si gnal Y8BRU; dctiyeperiodstary pesidongshopld\heunambigyguslyident Y hetrval 308
i's flexiblgnaferH®YnsiRPaGHE, fast changes in the DRX interval. A MAC header

may carry information regarding |ow |level settings. .
[0016] At an active period start position, the WI'RU may monitor an L1/L2

control channel during a predefined time interval to see whether there is
incoming data. A length of the active period 202 may be variable, depending on
the amount of data to be transmitted during the DRX cycle 206. An end position
of active period 202 may be explicitly signaled by the eNB or implicitly assumed
after inactivity of the predefined time interval. Uplink data transmission can be
initiated anytime during the sleep period 204. Active period uplink data
transmission may end when the uplink transmission is completed.

[0017] Figure 3 shows a two layer DRX method 300 in accordance with the
prior art. The two layer method may be used to support flexible DRX and
includes splitting the DRX signals into high level and low level. Referring to
Figure 3, a high level DRX signal 302 is controlled by the RRC. The high level
DRX interval 306 depends upon the basic flow requirements of the connection, for

example, voice over IP, web browsing, and the like. The high level DRX interval
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[ 0019] Dependence between the high level DRX 302 and | ow | evel DRX 304
shoul d be at a m ni rum because the high I evel DRX interval 306 can be used
as fallback DRX interval in case of any errors occur applying the |ower

| evel DRX interval 308. The network and the WIRU preferably are
synchroni zed with the high | ayer DRX interval 306. [0020] The relatively

| ong high level DRX interval 306 is beneficial for WIRU power savi ngs, but

limts do i _nk cheduling flexipility an hr qughput, If there is a
signifi ca\rll\{g()én‘ﬁ&%?flé%ﬂb?ﬂgﬁ"énﬂtﬁ e qﬁhgnme‘i}%B*‘g‘f W%Bgtsfgé‘ﬁgeﬂité’s' 6n buffer,
it may be bgmMRU §idd RRC ceh@bngghdlmgshort | ow | evel DRX interval 308 for a
period of tinme suitable for the transm ssion of the buffered data. After

the data t 8% ssi dhlov leaelitRK signal B0t isesignaled by theMielayre Ailg | evel DRX
interval 3Q4ye; P2 dasvad @P%s inRxibRPAS ﬂrar%ép&%fa&%h%ﬁéést inb@VIBRR regul ar

signals and interimsignals. [0022] Tablel: Active node DRX control
si gnal i ng inEEGRIMAYLAE Sepdgr may carry information regarding low level settings.

[0019] Dependence between the high level DRX 302 and low level DRX 304
should be at a minimum because the high level DRX interval 306 can be used as
fallback DRX interval in case of any errors occur applying the lower level DRX
interval 308. The network and the WTRU preferably are synchronized with the
high layer DRX interval 306.

[0020] The relatively long high level DRX interval 306 is beneficial for
WTRU power savings, but limits downlink (DL) scheduling flexibility and
throughput. If there is a significant amount of data buffered in an eNB or WTRU
transmission buffer, it may be beneficial to change the short low level DRX
interval 308 for a period of time suitable for the transmission of the buffered

data. After the data transmission, the WTRU and the eNB could resume the high

level DRX interval 302.
[0021] As shown in Table 1, DRX may be split between regular signals and
interim signals.
[0022] Tablel: Active mode DRX control signaling
RRC MAC
Regular
DRX
control X
Interim
DRX
control X
[0023] Signaling DRX in the RRC is based on the regularity of the basic

connection requirements and may result in a regular DRX signal ensuring the

requirements of the connection. Regular DRX is determined in the eNB. A WTRU

should know, through RRC signaling, to apply regular DRX. In other words,

when a WTRU enters active mode, one of the RRC parameters delivered to the

WTRU will be the regular DRX parameters to be applied. While in active mode
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DRX contr ol

X Interim DRX contr ol X

the eNB can change, at any point in time and through RRC signaling, the regular
DRX parameters used by the WTRU.

[0024] Figure 4 shows RRC signaling for regular DRX 400 in accordance
with the prior art. An eNB 406 transmits an RRC signal 404 to a WTRU 402.
The RRC signal 404 includes a regular DRX request. The WTRU 402 responds to
the eNB 406 with an RRC signal 408 indicating that the WTRU received the
regular DRX request.

[0025] MAC layer DRX may be able to handle fast and irregular changes,
such as, an instantaneous increase of data throughput, for example. The MAC
layer interim DRX may be temporary. Interim DRX settings preferably are
determined in the eNB. A WTRU acquires information regarding which interim
DRX parameters to apply through MAC signaling. MAC signaling from the eNB
to the WTRU may include interim DRX information. The WTRU may apply the
interim DRX according to network instructions. Applying interim DRX does not
affect the regular DRX interval. When a WTRU no longer applies interim DRX it
will resume regular DRX.

[0026] Figure 5 shows MAC signaling 500 for regular DRX in accordance
with the prior art. An e Node-B 506 transmits a MAC signal 504 to a WTRU 502.
The MAC signal 504 includes DRX activation commands. The WTRU 502
responds to the eNB 506 with a hybrid automatic retransmit request (HARQ)

process 508 indicating whether the WTRU received the activation commands.

[0027] SUMMARY

[0028] A method and apparatus for discontinuous reception (DRX) in a
wireless transmit receive unit (WTRU) is disclosed. The method preferably
includes a WTRU receiving DRX setting information over a radio resource control
(RRC) signal, and the WTRU receiving DRX activation information over medium
access control (MAC) signal. The method may also include the WTRU grouping
DRX setting information into a DRX profile and determining a DRX profile index
associated with the DRX profile. The method may also include the WTRU, in a



[0023] Signaling DRX in the RRC is based on the regularity of the basic
connection requirenents and nmay result in a regular DRX signal ensuring the
requi renents of the connection. Regular DRX is determned in the eNB. A
WIRU shoul d know, through RRC signaling, to apply regular DRX. In other

wor ds, when a WIRU enters active node, one of the RRC paraneters delivered
to the WIRU will be the regular DRX paraneters to be applied. Wile in

active nod he eNB can change, at. any, point j.n t.i nd t u RRC

S onali ng. TREEPRGm Ao yepe b g At By nyratin SRR B Al ur 6 4
shows RRC segaalihgh ixﬂéctlﬁq:hbkiaﬂbﬁ)ﬁ]ﬁ éﬂ(ﬁeidﬁtaﬁﬁﬁ%ﬁaﬂﬁignﬂl.h h the pri orI art.
An eNB 406 nsmts an . Si t The RRC signal 404
includes a [{) hi ar DRX r&?}' sﬁb%%%é%%@yﬁﬁﬁgé% the eNB 406 with
an RRC si gnet30408 i it idethileRaindeRRandAR\hd b€ huadréhahé gallvahg DI CK
request. [0025] MAC | ayer DRX nmay be abl e to handl e fast .and, irregul ar
changes, s&esrriptionggivem by 3ep pf examplepadda de upflerginod in gonjupGHontwith of

exanpl e. Thge ¥oerpa¥fihg dpd Wit WhEeiey be tenporary. Interim DRX settings
preferably are determned in the eNB. A WIRU acquires information regarding

whi ch i nt ed®331bRX pdiiguretleskowsoa synital nrpfoer] ghadkachitegiare fag anNKkE si gnal i ng
fromthe e t: | pel iaterim DRX i nformati on. The WIRU may
apply the yﬁ%ﬁﬁkﬁnéﬁ%gacgg%?ﬁngﬁtﬂgggngWr k instructions. Applying interim
DRX does nd®032f f ect Rigrre2ehowvaa DBROsignal etructiure WfegrordaiERUtnthelpmioyer appl i es
interim .t will resunme regular DI CK. 100261Fi gure 5 shows MAC signaling
500 for regular DICK in accordance with the prior art. An e Node-B 506
transmts 40MBC si gifiagurdBdshowsaa WiRlaysd PRXhethddGnsicgordhndeOwith thé udes DRX
activation commtnds. The WIRU 502 responds to the eNB 506 with a hybrid
automati c IP&OF?\F1$mt request (HARQ process 508 indicating whether the WIRU
recei ved t @03t i vatigure dohvmsitbgulal QIR2Y Sigh AMARY ap 0@ cA with the griand
apparatus for discontinuous reception (DRX) in a wireless transnmt receive
uni t (WI'RU)aW’s di scl osed. The nethod preferably includes a WIRU recei vi ng
DR X setti n@3snf or nWihie 5QHews idtérad DRX SigAalinpSinGocrd Sce W¥REhe prignal , and
the WIRU recei ving DRX activation information over nedium access control
(MAC) si gn&Ft} The nethod may al so include the WIRU groupi ng DRX setting

i nformationgsgio a @%;@ 62Ehdvs PRE s8R {n@E MAHFatich SERAIREGH hécBrdandex

associated wiith the DRX profile. The nethod may al so include the WIRU, in a
with one embodiment;

[0037] Figure 6b shows DRX activation information signaling in accordance
with one embodiment;

(0038] Figure 7a is a signal diagram of DRX operation in accordance with
one embodiment;

[0039] Figure 7b is a signal diagram of DRX operation in accordance with
an alternative embodiment;

[0040] Figure 7c is a signal diagram of DRX operation in accordance with
another embodiment; and

[0041] Figure 7d is a signal diagram of DRX operation in accordance with

yet another embodiment.



DRX m ni mum active period, receiving a data indication signal froman eNB
and remaining in an active period based on the data indication signal.

[ 0029] BRI EF DESCRI PTI ON OF THE DRAW NGS 10030] A nore detail ed under st andi ng
may be had fromthe foll owi ng description, given by way of exanple and to
be understood in conjunction wth the acconpanyi ng draw ngs wherein:

[0031] Figure 1 shows a typical protocol stack architecture for an LTE

network in rdance with t Figure 2 shows a DRX signal
structure Jﬁalgﬁcor dance wthhﬁﬁﬁ‘&%‘oﬁﬁ%ﬁ%ﬁqfh%gé 31Figure 3 shows a two
| ayer DRX nfe048)d i n WE&Dr dafeeRdW foh héreafdér, Orthar tterrhiOREY Fi gtietesd shows

regul ar DRX signaling in _accordance with the prior_art;
transmit/receive unit (WTRU)" includes but 1s not limited to a user equipment

(UE), a mobile station, a fixed or mobile subscriber unit, a pager, a cellular
telephone, a personal digital assistant (PDA), a computer, or any other type
of user device capable of operating in a wireless environment. When referred to
hereafter, the terminology "base station" includes but is not limited to a Node-B,
a site controller, an access point (AP), or any other type of interfacing device
capable of operating in a wireless environment.

[0044] Two layer DRX operation may include a regular DRX operation
controlled by RRC signaling and an interim DRX operation controlled by MAC
signaling. The use of RRC signaling takes advantage of the reliability and
robustness of RRC signaling in general. Reliability is achieved via response or
acknowledgement messages that are generated at the RRC layer or via the use of
the acknowledged mode (AM) service of the RLC layer. Also, ciphering and
integrity protection are required for RRC signaling, thus making an RRC signal a
reliable signal.

[0045] A MAC signal is used for speed. MAC signaling is generally faster to
generate and to process than RRC signaling. Interim DRX operations that use
MAC signaling may be flexible, but do not include the reliability and security
aspects that provided in RRC signaling and not MAC signaling.

[0046] DRX signaling information can be classified into two categories: 1)
DRX settings, parameters or configurations, such as DRX cycle periodicity, for
example, and 2) DRX activation commands, such as to turn DRX on or off, for
example,.

[0047] The DRX settings, parameters or configuration information
preferably is signaled reliably, robustly, and securely. Interim DRX RRC
signaling parameters and configuration information may be communicated via
RRC signaling. However, DRX activation commands that, for example, instruct

the WTRU to enter DRX mode, are preferably signaled quickly via MAC



[ 0035] Figure 5 shows interimDRX signaling in accordance with the prior

art; [0036] Figure 6a shows DRX settings information signaling in accordance
wi th one enbodi nent; [0037]Figure 6b shows DRX activation information
signaling in accordance with one enbodi nment; [00381Figure 7a is a signa

di agram of DRX operation in accordance with one enbodi nent; [0039]Figure 7b
Is a signal diagran1of DRX operation in accordance with an alternative

ccor dance JPETSTHEP PR i ABRA A e OO I HSFE T e SRe Bhal di agr am
of DECK opedaMAQsighalaggor dance with
[0048] In an alternative, some DRX settings, parameters, or configuration
information may be signaled with the DRX activation commands.
[0049] Figure 6a shows interim DRX setting signaling in accordance with
one embodiment. Interim DRX setting information may be conveyed using RRC
messages. A WTRU 602 receives an RRC signal 606 containing interim DRX
setting information from an eNB 604. The WTRU 602 may respond to the eNB
604 with a confirmation signal 608.
[0050] Figure 6b shows interim DRX activation signaling in accordance
with one embodiment. The interim DRX activation signals are conveyed using
MAC signals. The WTRU 602 receives a MAC signal 610 containing interim DRX
activation information from an eNB 604. The WTRU 602 may respond to the
eNB 604 with a hybrid automatic repeat request (HARQ) signal 612.
[0051] Sets of DRX setting information can be grouped to form a DRX
profile. A DRX Profile ID may be used to indicate the DRX profile. RRC signaling
may be used to define a DRX profile and attach it to a DRX Profile ID. The DRX
profile may be used with interim DRX, regular DRX, or any other DRX mode.
Once the profiles are setup or preconfigured, an eNB and a WI'RU may exchange
DRX activation commands that may reference an appropriate DRX Profile ID for
the WTRU. The activation commands may be RRC signals, but are preferably
MAC signals.
[0052] The WTRU may dynamically apply the DRX parameter information
in a particular DRX profile using MAC signaling that makes reference to the
DRX profile ID, rather than having to specify and detail all DRX parameters. An
interim DRX activation signal may reference a DRX Profile ID, or may contain
some DRX settings that were not included in the RRC signaling. This signaling
method may be applied to any level DRX or any type of DRX operation in
general.
[0053] A DRX cycle preferably contains an active period and a sleep period.
The active period start positions may be unambiguously identified by both a
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yet anot her enbodi nent. [0042] DETAI LED DESCRI PTI ON [ 0043] When referred to
hereafter, the term nology "wireless transmt/receive unit (WRU)" includes
but is not Iimted to a user equipnent (UE), a nobile station, a fixed or
nobi | e subscriber unit, a pager, a cellular tel ephone, a personal digital
assistant (PDA), a conputer, or any other type of user device capabl e of
operating in a wireless environnent. Wien referred to hereafter, the

t er m nol 0gYy,,r t at | S but, ngt limted to a deB a site
contr ol 1 o0 WAL End 68 iy i g SeEe Betioh ot mey B VERatR ol FEEFAG ot ce
capabl e of @&t ainbligt ifdata t Her@ssmicted idueinERRé DRXAGEK] Two Iayer DRX

operation I.ncl ude regul.ar DRX operation controlled by RRC signaling
and an i nt dPPFHIDRX op PRZsidnalogTRessrgedrelsjahinepecifighan aﬁgvatrpﬁé% of RRC

signal i ng takas tady ﬁ[htt@sg@seﬁfto fnti!?cakei {igaith hitwaddihe TRIRX &) st enffr if¥BC

signaling in general. Reliability is achieved via response or

acknow edg fmades éagve‘@vqlwh@ﬁéa@bﬁmdma&ﬂ igtabpqlutertpams, gy eglatiye 89j 3 t he use
of the aCk %’P&Qﬁ%ﬁ@%eﬁﬂ\&tﬁ JK% G&’ch%e tﬁ&@éb@%ﬁﬁa ud%.luﬁ)(?%?o%lghe“ ng and

integrit Ing, thus ma an RRC

ection are require
signal a rederatbﬁs’éhs istprtpf t@&@%]cﬁdmﬂ ghBR istgnading nessagepaged fayAC
signal i ng | Rﬁg’ kAL S DRR a RS S@{l)g _process than RRC
riem

signalin operatlons at use signaling may be flexible,
but do not DoEdlude tAWTRY malyirbmbin iand asedke DR¥/medplers mitieatm petivei ded in

RRC si gnal I&%[ gnq,hgontm %%mshgzﬁ‘é‘é | ng; Qe 4 a})PR)% congmal i n dl nf Ol’ﬂﬁkl on can be
classified’n tWo categori Y‘f Set ngs ararre er’s
confi gurat |smg‘tsa,hnglmdsssage, E]m@meRC er PRYC,adiitcéanyhe ﬁr@def'ﬁ»ednﬂ‘he mlﬁﬂﬁmﬁ) DRX

t t ff, f 0047] Th
BRX sot t| ndeavE RPaTLPaY enups duttel S WRY Ba Pies s BRSHPBFGPREIIL o
si gnal ed r gbbombé Ywakotiugtdive thnd securel y. InterimDRX RRC si gnal i ng

par anmet er s confi ation i nfor | on e.co ni cated v
B gnal | ng. PikRver . 1R Stivs g beceheRahatly, R Prasmanetie Dot ruct ¢ he
g g
WIRU t o entcgéle @Péfyrmd@sec.aheoxﬂéﬁioaﬁ@lahsé thie GleRibAly 4EDRK| ¥nothér dvéde of
DRX operation may be utilized whereby a DRX cycle start time is defined during

a previous DRX cycle. This mode can be used independent of or in addition to the
periodic mode of DRX operation. As an example, during the active period of a
DRX cycle, once the WTRU has received its intended data and there are no
further packets to transmit to that WTRU at the eNB, the eNB may instruct the
WTRU via a signaling message, either MAC or RRC, to go to sleep for a
predetermined time and/or wake up at a predetermined time.

[0057] Additionally, it may be advantageous under certain circumstances
to keep the WTRU awake during a DRX cycle instead of allowing it to go to sleep
until the next DRX cycle. In order to achieve that, a DRX signaling message,
either MAC or RRC, may be used to instruct the WTRU to stay awake until a
specified time, such as, the next DRX cycle, for example.

[0058] A WTRU may, by default, enter DRX once it is in the
active/connected state. As an alternative, signaling messages may be used to
exchange capability information regarding whether the WTRU supports DRX
operation in the active/connected state. An eNB may obtain the WTRU’s active
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signaling. For exanple, the commands to enter or exit interimDRX are
signaled via MAC signaling. [0048]1n an alternative, sonme DRX settings,
parameters, or configuration information may be signaled with the DRX
activation conmmands. [0049] Figure 6a shows interimDRX setting signaling in
accordance with one enbodinent. InterimDRX setting information may be
conveyed using RRC nessages. A WIRU 602 receives an RRC signal 606

containing in ' .setti.ng informati on from an, e 604. The WRU 602
mmy +espond® s DR eangg RE ARy ofheR BT i RO OGLGHANT 858 C2pBORHY i gur e 6b
shows i nt erAdtorditglgche €NBi By Fsgitiat tHOVTRUae ol tiviidote DRX axibodi nent .
The interim DRX activation signals are conveyed using MAC signals. The WIRU
602 recei v$§e‘é‘sﬂﬁﬁs§?’§nal 610 containing interimDRX activation information
froman eNgoEd}. Thes WARY RAF re@iin’ HEMRTr 4 Mikibfine NRiveQérivd.t Dufinpybr i d
automati c repeat. request (HA signal 612. [0051] Sets of DRX setting

i nf or mat i oA the sNRaay yse baver 4, bpyer groslaye 3 vignsbingppessages Y D may be

used to i ngdjhdiedid wHaehdPAXtLR A e teansBiFied LR WMRUMRYInES fﬁdﬁ%&@l@ff me a DRX
profile and attach it to a DRX Profile ID. The DRX profile nmay be used with

I
i nt er i m DR&yele-ctha WTRSRay stavzimythe apidve pRiedintd theheginning opthenaxts are
setup or pEeeRtid) Wl%@VTRU ﬁﬁ%o@@geﬁfomwgfgﬁ%ﬁ%s i eet | On

commands that may reference an appropri at I or the WIRU. The
act i vat i on begmmingief thepeyddDRREyde.gnal s, but are preferably MAC signals.

[ 0052] The may Lo IRR{{ . t.er i : Lon in a
parti cul ar %]prof ﬁﬁgﬁﬁﬁéﬂ%{%&gﬁﬁ%ﬁé?,ﬁ%l 1%?2{1@ e@%@%@%&tgo t he DRX
profil e | Dthe ptasencetofidatahfaw a pgrtianl ap&TRIUy Fhidhe VETRUI doas hotDiedeipaamnet ers. An
i nterimDRX_act.ivati on ig?ﬁé rence DRX Profile.lD. or may
contain sonl%(ﬁgﬂfs?nse’ioﬁ r%%% at {L\%y‘;eﬁ}gtm%cqeg%n? r?h?'hé’oEE@%li ‘g";’ﬁ%l ing. This
si gnal i ng nedtosodttedyr the sigppl wed nhissiaghut shalllstdRé ake bedayisé thpee mfghDRX

operation in gengral . [0053] A ef erably contains an active
bg Sgﬁ“&‘g‘b"%@‘} h&]cgvjnlmm %%%Rﬁr

period and
[0061] Figure 7a shows a signal diagram for DRX operation 700 in

accordance with one embodiment. The DRX cycle 704 includes a minimum active
time 710 and a sleep time 702. The WTRU may receive a command 708 in each
minimum active time 710. If data is available for the WTRU, the WTRU receives
an indication in the command 708, receives the data 712, and stays awake until
the next DRX cycle 704.

[0062] In an alternative embodiment, if the eNB has not or will not
transmit data for the WTRU during this DRX cycle, it does not send the
command 708. The WTRU may interpret the lack of command as an indication
that it can go back to sleep until the next DRX cycle, as it has no data to receive.
[0063] Figure 7b shows a signal diagram for DRX operation 720 in
accordance with another embodiment. The WTRU receives a command 708
during the minimum active time 710 indicating whether there is data for the
WTRU. Once the WTRU receives the command that indicates that the eNB is
transmitting during the DRX cycle 712, the WTRU exits DRX completely and
may disregard its prior DRX operation and configuration. The WTRU may then
stay awake in a non-DRX cycle 722. The eNB may use a signaling message 724
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The active period start positions may be unanbi guously identified by both a
WRU and an eNB, while the active period | ength may be variable and depend
on an anmpunt of data to be transmtted during the DRX cycle. 100541A DRX
signaling nessage preferably specifies an activation tine or a start tine
that is used to indicate a tine to activate the DRX cycle or enter into DRX
node. An activation tine can be indicated in absolute terns, or relative to

t he present t| ne, t hat, the bo e WIRU and the B
unanbi guousfy tﬁ@?ﬁw&&?&t b tt?eﬁgﬁﬁﬂ?%q‘@ ajige, pt ?Q‘gfg dnal i ng
nessages Ussighdling dRfbeRRE VAT, Yor IPIY Hi@ﬁa d@%da@tﬁg@t it Bertratel thet ti ne.

100551A WI-RU@glﬁy remal nin an awake a mninmum active per| od.
The ni ni muritgRalingecasc e dhe ;ﬁ%‘f‘%‘t"&b‘?f ldll% °Edﬁﬁ‘i§ﬁ’“éf'a§1€’& followingrg datgnal i ng

message, eitrdiimikiin 61 da%@\n&ﬁer‘ thﬁ%@n&iﬁ)eﬁh@ geBisReGwledSothat theb@dreact i ve

period may ensure that if a as m ssed sone transmssions it will soon

be awake t doriBeks Rasketgdhat PWS*@]@F@(&%%HPIH@@GP dherd{THIE. E@leﬂUﬁéﬁnodl cal ly,

for exanpl
lexi b1ty S hn S HeoR e L e T i e B wher eby 2

DRX cycl e Sctive timerdlOiis thepesddR¥ardnd04 previ ous DRX cycle. Thi s node can
be used in g@@ dent M I%rr]é R It t 'I%ﬁ'ﬂ( %&?

operat i on. q an exa durﬁg tl%gﬂal 12 e&ﬁgfrafo of()pgP cycle, once the
WRU has r eceirdauteiwith amaleemwvdahbochmelntt e DR sgmadingumdskage thaidket s t o
transmt t t the B, . he eN I nst.ruct . th RU via a
signaling qrrlgéés"go ac\%Rye[ﬁkX Oﬁ’/ﬁﬁf lgr p aytlggi@ggfy’@egf)‘%lg{sy f’foﬁ&’e?#‘é’&(‘t erm ned
time and/ orthavak,el DRXapclatipre dehmimmadtive time, z[uﬂ%ﬂe)d—’t(ﬁdaioﬁ'ﬁaﬁﬂabdomtel t may be
advant ageous unger C clngyner ance \AWI)J(H ng a
DRX cycl e :é'ﬁ%? ghen gpe em%lh"dﬂ% ftaf%"rg%? ‘t"8E esthg 2%66 ﬂ?ffrlatl?lh cycle.

I n order tan®cdulerk uﬁtbél'lRX apdpbdiors hthe neRODRESFElgaas it Fidige THAE affer RRC, nmay
be used to nStHngt(X WI'RUto,s%é ke until a specified tine, such as,
t he next € EeppRID 59887\% WRU may, by default, enter DRX
once it isi[0085) he aCA WIER[Q m&gﬁ&dnmxﬁodéﬁaﬁébralatﬁéﬁhatdg\ﬁ@ess@egaal ing
nmessages may RI% (si

aneNBin 1catmg that the WTRU wants to enter DRX mode. The signaling can
be RRC, MAC, or PHY signaling. The WTRU may use a trigger to generate the
signaling, such as, the detection of an idle time or inactivity time following the
reception of data by the WTRU, for example. There may be other triggers as
well. Upon receiving the signaling message, the eNB generates a response signal
to instruct the WTRU to go into DRX operation and the DRX settings.

[0066] Figure 7d shows a signal diagram for DRX operation 760 in
accordance with another alternative embodiment. A signaling message 762
indicates a relative or absolute time 764 when data transmission will begin and
optionally, a relative or absolute time when data transmission will end 766. The
WTRU stays in DRX mode.

[0067] A DRX cycle is typically associated with a single WTRU. However,
for multimedia broadcast/multicast service (MBMS), it is difficult to broadcast to
multiple WTRU’s that have different DRX cycles. Therefore, an eNB or a radio
access network (RAN) may define an “MBMS DRX” cycle that is common for a

group of WTRU’s. One-to-one signaling messages can be exchanged between the
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exchange capability information regardi ng whet her the WIRU supports DRX
operation in the active/connected state. An eNB may obtain the WIRU s
active node DRX capability and any other paraneters associated with such
capability. Accordingly, the eNB may instruct the WIRU to go into active
node DRX as it deens necessary. [0059]A WIRU may remai n awake for a m ni num
active period. During this period, the eNB nmay use Layer 1, Layer 2 or

Layer 3 sig in es . to indicate r ta.will be transmtted to
thcurry o geae JERR0 Ieter b endCogiim e MM ki dpap alieriatienct | ve
period untidmbddembet)ithel MBMSTDRXIRyé16%hn BESet 4b Ivea midiEcabl B bréddcagtot sl eep
followng the reception of its data until _the beqlnnln of _the next DRX

cycl e. 1006B9PREESVER eXagAPIfai 90 Robrogcask mbagpel. silgnanother, altematvep o

i ndi cate t henijdaaens ane! MENS DRX eyd?@réahcué aﬁnﬁNERUor | deriveg HdRUadoes not
receive an indication fromthe eNB,  the WIRU nay determ ne that no signal

was t r ansmiRredeiespined MBMS sehedybing P@ﬁt%r AGVERU maapewesdayn sgdfBMBecause
there m 9httr£§‘sc§19§@&dl%%(ar?ﬂ1ﬂﬂ§ jenk for the WIRU [0061] Fi gure 7a shows
or

a signal diagram operation 700 in accordance with one enbodi nent.
The DRX cydPe@s8ios i déllﬂ@eéelatb}n tA enordinate; Mwwméhemlﬂﬁdtraﬂisl@e@&etl me 702.

I'I'gea%:? IUabI e for ,'[R}\fl@ %%W“&/@é{} ?“e’g’gglcle);&gérfm%t&{‘l on lﬁe colrrImﬁgt 2

108, recei vesflit han bascheddizd wathdthet RX cpodadftha WTRU ’lﬁhisrselxetmm)(ydaycl e 704.
[0062] I n a | & er.natd enbodlrre f.th NB e Qr W | t
transmt q?gég%ﬂgﬁfe%e ?I% '],;}F'ﬂl Dﬁﬂf‘(g CIIJI];'aﬁI‘Sq;‘?l Be%ven% eléeé%d t he
comand 70DRX kegcleSt Rult mayy laaﬂetbpnateaiédeeﬁiaekcyoémmthmﬁﬂ‘m vall Havdi cati on
that it can nti] the next DRX cycle, as it has no data to
receive. (5’(5‘%5 QQM @Eﬁ%"ﬁ ®si gnal diagram for DRX operation 720 in
aﬁcordance (008 anotDheingeD DR md Utrﬁh@mﬂﬂlﬁhhg‘pﬁé Hﬁ;&nﬁm@@lﬂiﬂﬁ?ﬁlszoﬁ during
the m ni nmu ctive tipe 710 indi er t a for the WIRU.
Once the eaPs; DG i taSHrn SO %%tzyaﬁ%ﬁ’ﬁapﬁtlﬁ@ he |
transm tti ngilged, a¢d the DI eMCDOEX /ihfervhRRyMWIRh B X bdifcil¥AsCaleH gsel y and
may disregard _its, prior DRX operation apnd configuration. The WI'RU may t hen

stay awake Posillenghopsier toyalley maximyme effiigngpjn (powen cengymptiony FeEssage 724

example, uplink resource assignment can be done in a periodically. Aligning the

uplink resource assignment with the DRX period may result in greater efficiency.
In particular, periodic thin channel assignments can coincide with the DRX cycle.
[0070] System messages related to handover are critical. If a DRX cycleis
too long, a WTRU may react too late to handover commands, which can cause
complete failure of transmission and reception. Accordingly, the handover timing
should be a consideration when the DRX cycle is determined, adjusted and
signaled by an eNB.

[0071] For example, when a WTRU is close to a cell edge a measurement
cycle may be required to be shorter than the normal DRX cycle in LTE active
mode. Therefore, a signaling message may be sent to the WTRU to reconfigure
the DRX cycle to reflect the WTRU being close to a cell edge.

[0072] Also, when a neighbor cell’s measurements are strong, meaning it is
a high probability that handover may occur, the DRX cycle should be turned off
by the eNB by sending a signaling message or command to the WITRU. The
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to instruct the WIRU to go back into DRX operation at time et 726. The
signaling can be RRC, MAC, or PI-1Y signaling, and a trigger to generate
the signaling can be the detection of idle or inactivity tine following a
data transm ssion of data. Another trigger nmay be the eNB' s know edge that
there are no nore packets that need to be transmtted to the WIRU. The
WTRU then resunmes DRX operation and receives a comand 708 during t he next
m ni mum act | iﬁﬁilne 710 in the next % 704. Oéﬁl c shows a
si gnal di ag BRY W%B%I&moaﬁov%o‘man e Brighhire? TSRS nat | ve
enbodi ment . o,11o@ eldiXpRi frphiButiRsHABSihliR adjSsthRatl dro P%pai/@fdi‘ aliRX
operation 744 may include a per|0d|C|tg of the DRX cyg that is, a DRX

cycl e ti ne)handoysraelaied ativitye In goperalgy exatl}eeqeg{lpg,gelb}qlm sBREh e ti e

when the V“i?éhs’iﬁi@éibﬁ’q@élﬁ&in&?&at@ﬁk bM& 8 cbin RO tRE WIRU fREriIRU may go
back into DRX operation at the next DRX cycle, as in Figure 7b, or after

t he next DRXnelkd putdeiodpRX msle Mhoqdﬁgmévqﬁle WOBE5ubettarhandede makenot i n DRX
node may s NB i ndi cating that the VWTRU wants
to enter Daﬁg“r?%é%&[}ﬁgml anai I%Qf'aé%gh%&llam MAC, or PHY signaling. The
WIRU may ud@0&ltri gg‘@Tthng}ahBrmects h@ygilyrmleifnqorbmehera:éne thedDX&t ect i on of
an idle ti r ti y the
WRU, for e grgrﬁfle ﬁg}r{{eé thdg n%e%? #etg\ﬁtﬁr}?gg%égr gpmé{” ?Iﬁp% (?%@éi‘d:fégl ving the
si gnal i ng rthﬁ”mgesemhes,etNBayéhéP,aweéﬁ)rawsmgpmf&mmhtgahke erWTIYn'@Imayt t he WIRU

oo o o IR B Saa B G indpenagr TR RPs for Baegl ehe NEBRPr &1 oyt ve

enbodi ment .WARSI gaphaveg smgs m cfole whodé Dm(&ett&xgseiaaﬁmmrwatﬁﬁ&hb ute tine

Thaoltte Lnaereanst e Parten: IR R ubdh, it etk el 1 Drx

nmode. 1006 7%lignbiRYr 6difdide a§mtum la§ @bésYblé,SﬁQﬁﬂ@ttednébbﬁﬁbe&hé w@hﬁaW«SRU.
However, for nultinedia broadcast/nulticast service (MBMS), it is difficult
to broadcad®VEHSHIMES pl e WIRU s that have different DRX cycles. Therefore,
an eNB or gooagi o ageseDIMIMrK (RAN) may define an "MBMS DRX" cycle that
is comon for a group of. WRU s. One-to-one signaling nessages can be
exchanged bet wedn t Hemethed of discentinmprus reseptien 18 acirelessirapsnitBVS DRX
cycle. In 3gcedd @5iDAVTRE) Q@%tmomﬁ&%é\m% fe¥&hisg PHX Sdtiagt up via
mul ticast or broadcast nessages, for ‘exa , on a broagcast channel In
anot her al tlefonaptloeomﬁmﬁﬁour@m@nmw%wg}ﬂ& e can be i rrpl icit or
derived froma predety Srﬁbﬁgg Mm@%%%ﬂ PIRBLL & nSAh RUwAByy power down
its MBMS transceiver during an cycl eﬂ% n& |s preferable to
coor di nat e reesivieg PRXaetivetien M@Natmnweltmedlmcwonwdl(mdlgnh]e WIRU s
normal DRX cycle. F " t he DRX
cycle of the WIRU. hlegé%c Ae?rséuln@%@ ?Itégsisg em%ﬂ %??gl%gfggo‘gélggnany WI'RUs
i nvol ved i rDMBmtiLnbanfotmvteordmfw elHIX p@ﬁ@ cycl es, but may | ead to i ncr eased
efficiency sinc have .al i N=IAY
[0069] Dur 1 ng D%, & SRR PP AL R ler SR e PR R et bR o
DRX proﬁle 1ndex associated with the DRX profile.

5. The method as in embodiment 4 further comprising the WIRU
receiving the DRX profile over RRC signaling.

6. A method of discontinuous reception (DRX) in a wireless
communication system, the method comprising a wireless transmit receive unit
(WTRU) in a DRX minimum active period receiving a data indication signal from
an e Node-B (eNB).
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and sl eeps during the rest. Coordination between DTX and DEC may be
utilized, and the DRX and DTX interval s/cycles may coincide as nuch as
possible, in order to all ow maxi mum efficiency in power consunption. For
exanpl e, uplink resource assignment can be done in a periodically. Aligning
the uplink resource assignnment with the DEC period may result in greater
efficiency. In particular, periodic thin channel assignnents can coi nci de
with the DRX cycle. [0070] System nmessages rel ated to_hangﬁ)v e
critical. If a BRX c’é}v@uee diasoin) gbpdimentriafurthsr sonaprising the o handover
commands, W@!nﬁﬁxiﬁ%ﬂx ERHER eGRIBE Bhsed G theldatLindidaiba Figaal.on and reception.
Accordi ngly, the handover_ tim ng should be a consideration when the DEC
cycle i s det er mned Theapeibedes izembodiment S¢r §furtheroepprismg the BiRE x anpl e,
when a WRWidcin@haRg DX Spdislibn GEE oft (HEARMSHRBH0FYERA. MRy be required to
be shorter than the normal DRX cycle in LTE active node. Therefore, a

si gnal i ng nessa%e miipepmethodtastin enhkodismend 6,07 or Sofirthgu cemprigingrecycl e to

reflect th i . : . ﬁ/\%@ ei ghbor
cell's ma&%@ﬁ?@h g’%eﬁig?ﬁ)gﬁlé?m?rgg%dn%f?? &iels‘legg% pfrhoaba |Piat%3?pt hat
handover maiptorceptiont he DRX cycl e should be turned off by the eNB by

sendi ng a signaling ssage, or . command & o .t he RU., Jh WRU.ma
conti nuously m)m'tor et’%&g\%aﬁﬁﬂaﬂ %nen(gie bt?glrmé(igegf H’gsfuféeifelércoemh%résnslggnal, to,

for exanpl ehe PWERErtearssiittivg® Wignial t0 thp &¥BUshereid theodighal cpmppiaesaf or any
handover rel at eﬁ act i Vfah‘* 4&{1 general, when the serving cell's signal
dquAc

strength oreqYyeshioqnies ty indicator is below a certain threshold,

t he WIRU pr ef er gl y The héthodas ! lembbdignddf10fatthel Coraprisifig tite WTRUt he WIRU a
better chance tq pake neasurepen and try and sustain the call. [00731WRU
mobi lity a§f?é’é?éttwiﬁlsg5‘ag@ tggﬁggkﬁse{lgnaéflgg?ﬁ- ne the DRX cycle in LTE

active node. Separ atfelkRthePidinReDHodRyen? 20 bF Pl fiFHYr 86 pAsing tid NE N
services, such as VolP, web browsing traffic and the I1ke. A WIRU may have

mul tipl e séppeadidecto thegsigapldenth prereens: pigaak grhergionthsr seoprd i@l ces, or a

WIRU nmay haygpases Ik SettiRs e¥6hRatidiose DRX settings/paraneters satisfy the
nost frequent traffic pattern. If multi gl e DRX cycles are used, the cycles

may be aligned bt colheemghodasineny ase basiiments - 1% whereimothedatai ze t he
potential f0of; . b L08R 4] EMBERLJVENTS 1. A nethod of

di scont i nuolgcgc#%\ggfﬁﬁ\ré\ !?%%R%Sﬁ n asvvi rga}ass transmt receive unit (WRU),

t he met hod conpt4-si Ademrtholr Rejin ansepng of prmbRRiments 6ni Whéreimieidata over a
radi o resot 3 8 I 9RR! . DRX k0. enmbodi nent
1 further %‘ﬁ%@%@ﬁ%‘&{l ﬁ&e lSJSdr eceicml%gmﬁ& act%\k}gﬁ%&?ﬁ? gi?rrlrgtglmén over
medi um accesd addRX start tieC) si gnal . 3. The nmethod as in enbodi nent 1

or 2. further cofRr 30 44 048] A SKo Sk bdbmb A TR Alr bl anDRX

the WTRU discontinuing DRX operation based on the data indication signal.

16. The method as in any one of embodiments 6-15 further comprisnig
the WTRU resuming DRX operation at a start of a regular DRX cycle.

17. The method as in any one of embodiments 6-16 wherein the data
indication signal comprises a data transmission start time and an indication of a
temporal length of the data transmission.

18. A method of discontinuous reception and discontinuous transmission
in a wireless communication system, the method comprising coordinating DRX

and discontinuous transmission (DTX) cycles such that the DRX and DTX cycles

coincide.
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4. The nmethod as in enbodinent 3 further conprising determ ning a DRX

profile index associated with the DRX profile. 5. The nmethod as in
enbodi ment 4 further conprising the WIRU receiving the DRX profile over RRC
si gnal i ng. 6. A nethod of discontinuous reception (DRX) in a

Wi rel ess conmuni cation system the nethod conprising a wireless transm t
receive unit (WIRU) in a DRX m ninum active period receiving a data

i ndi cation sign from an. e Node-B. (eNB). . 7. net hod a

erood oot o DUl R e oo erboRrIet 18 b eTeiR DGR RRIRPERt or | o
based on t lagcléldtdepénidheed 4 BidtAice B wireless transtnit fdtgivERhROWTRY)ifdnenbodi ment
6 or 7 further corrprl sing the WIRU di sconti nui ng DRX operation based on the

dat a i ndi c&t®B#I&s-gnal . 9. The method as in enbodinment 6, 7 or 8
further conpri sggg tﬂaeniémadsaﬁuﬂy&ge@Bﬁ&b@&%@twmﬁ@e@mpﬂsﬁﬂwel ved
signal froman eNB after data reception. he nethod as in any

one of enbd¥FREfissortimuing DR¥emodadnsed on ﬁgewwmeﬂgtéﬁgwgbphyaa signal to
the eNB, Wpgkshdiqt he signal conprises a request to enter DRX node.

11. The method as in enbodi ment 10 further conprising the WIRU transmitting
the signal to t¥e eflBebreta asin any enqpfembodiments 18:20 T epmNEENgAS | N
enbodi ment 4 A r i e si gnal

with a secon Sl gn% w\ﬁ%@%@ B lgeig%ﬁéﬁgﬁng%gﬁ%g%%fe}ghwgﬁgtti ngs

i nf or mat i omervices compr_i@ vonee)vaEHhﬁtDld’s) and wehyrovengf enbodi ments 6-12
wherein the datg, i ndi¢ si n ri.s art t 14.
The net hod as |2r312 an;g/1 ongieg? ear'rlg%% Ir}gé:ﬁ]{[‘rg uéuﬁigw\/\,ﬁgqgoﬁﬁ ed at aceinﬁedl cation

si gnal conpiscagmnwubditeptial ORX)reetting DFfmation in ﬁn&aﬁlb\tm contrel and a DRX

start tine 15 The nethod as in any one of enbodi ments 6-14 further
conpri si ng(l?]i}ig) d| sconti nui ng DRX operation based on the data

i ndi cation si grniil The WTRU @s deiﬁbdaI&héIﬁIBZ&“ﬁrthar@ﬁﬁgth@feceanmrent s 6-15

further conpri he WIRU res g P {MB? .at a start of a regular

DRX cycl e. activa 1on ormation in a me ccess contro signal.

24. The WTRU as in embodiment 22 or 23 wherein the WIRU is further
configured to receive a data indication signal from an e Node-B (eNB) while the
WTRU is in a DRX minimum active period.

25. The WTRU as in embodiment 24 wherein the WTRU is further
configured to remain in an active period based on the data indication signal.

26. The WTRU as in embodiment 23 or 24 wherein the WI'RU is further
configured to discontinue DRX operation based on the data indication signal.

27. The WTRU as in any one of embodiments 24-26 wherein the WTRU
is further configured to resume DRX operation based on a received signal from an
eNB after data reception.

28. The WTRU as in embodiment 27 wherein the WTRU is further
configured to transmit a signal to the eNB, wherein the signal comprises a
request to enter DRX mode.

29. The WTRU as in embodiment 27 or 28 wherein the WI'RU is further
configured to transmit the signal to the eNB based on a trigger. |
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17. The method as in any one of enbodi ments 6-16 wherein the data

i ndi cation signal conprises a data transmi ssion start tinme and an

i ndi cation of a tenporal |length of the data transm ssion. 18. A
met hod of di scontinuous reception and discontinuous transmssion in a

wi rel ess communi cation system the nethod conprising coordi nati ng DRX and
di sconti nuous transm ssion (DTX) cycles such that the DRX and DTX cycl es

?rg:algﬁlrgrerent cycl38 %%Rgz\ﬁg?%ggﬁggn%‘? §F“g’b€1é“eg‘$ %4%?}“'@““&}’??)@];@)( recei ve

unit (WRU)is fﬁ@lﬁr&oﬁﬂéﬂre@d@tﬁscontmue DRXbpefdteonBisbd6h fife daba Bidcabiog Of
enbodi ment 19 further conprising the WIRU di scontinuing DRX node based on a

serving celqlgT?tlrengt h falling bel ow a threshol d. 21. The nethod as

in any one of eB’POd'TTPe'W?RﬂJ&s%Qa%BﬁMEm%Q&Mén%éM3G’@h&remﬁhbwmsepar ate
DRX cycle for certaln services erein the certain services conprlse

voi ce- over -if furthancpyfigimed tatssumne R Xqperation at a spart ofia yeguiard2RX excls m t
receive unit (WiRU) ’ﬂf}rWTﬂWaSQn LAy b&EF B0l 8{24 @W%iére{ne&@ PR ( DRX)

settlng |nfornat|on In an radl o resource contr S|gna
The WIRU ags fm@maﬁmd tepeasure haachviby tlgmrfelélowmg reseptiomofiRtaact i vat | on

| nfor et on N g MedURAGRPSS uf BRlkh b do VA0 BLINARe WTRL 1o AfmelNe WIRU as

i n enbodi nent 2 wherern I'S fur configure 0 receive a
data indi ca;pnﬁgursd gcnéétefmmmDﬂi( epdiatien BattehdBpd mmheumumwme. s in a DRX

m ni mum acti ve r| he W RU o erein the
WRU is furthergtgonfl gure% agln%%?ne(’femgﬂdlgl@ |ks\r/be4‘3 evrvl o né‘eégr% the data

i ndi cati on isfuytladr.configured t@femathén Mbpasatidm ferh adhindurh aaav@perm. wher ei n
the WIRU i t her nf i e nt| nue DRX o on se on the
dat a i ndi ci?éﬁ si g ﬂ‘ gﬁ%hegaé’f W?ﬁsﬁe ?iscﬁlﬁff{ ? eé’Fe Ef6%di nent s
24- 26 wher inib f otihﬁedﬁli' R%Jphﬁlcﬁlﬂ’rtcbﬁblmf hé gsaemoeat@—er&MexERXnQ:pafsaal OE based
on a receiv si.gha r eNB aft at 28. The WRU
as i n enbodi At tWFe‘??’_g%’ﬁn‘t‘Wées\ﬁPﬂ ?qn%e“ﬁf?ftt %H?gleﬁﬁ’f’@aﬂef‘&s‘lrﬁ%nsmt a
Si gnal t 0 WasioeNBmMBMARIsRvitHér vt btHee FAathRe ndeleHUHRS Thé Rettitder DEt X
node.

or flow charts provided may be implemented in a computer program, software, or
firmware tangibly embodied in a computer-readable storage medium for
execution by a general purpose computer or a processor. Examples of computer-
readable storage mediums include a read only memory (ROM), a random access
memory (RAM), a register, cache memory, semiconductor memory devices,
magnetic media such as internal hard disks and removable disks, magneto-
optical media, and optical media such as CD-ROM disks, and digital versatile
disks (DVDs).

[0076] Suitable processors include, by way of example, a general purpose
processor, a special purpose processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, one or more microprocessors in
association with a DSP core, a controller, a microcontroller, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs) circuits,
any other type of integrated circuit (IC), and/or a state machine.

[0077] A processor in association with software may be used to implement

aradio frequency transceiver for use in a wireless transmit receive unit (WTRU),
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29. The WIRU as in enbodi nent 27 or 28 wherein the WIRU i s further
configured to transmt the signal to the eNB based on a trigger.

30. The WIRU as in any one of enbodi nents 24-29 wherein the WIRU i s further
configured to discontinue DRX operation based on the data indication

si gnal . 31. The WIRU as in any one of enbodi nents 24-30 wherein the
WRU is further configured to resune DRX operation at a start of a regular
DRX cycl e. . 32. WRU in any one of enpodi t -31 wherein
the WIRU i ngqu%me%deﬂﬁgfﬁrre-ala@aﬁ%%tet}% ratioRe Yo Wﬁ?ﬁﬁ?ﬁﬁ?»m ng
reception Qinydigds®-computer. T WU \Mljiégb@%séd‘ixﬁﬁ&ﬂdhmt witR Mb&iled,n the WRU
is further configured to determ ne operation start based on the

i nact i vi ty impiaented in harglyarqqadioy reftare) pucings ®Femera, &iHers SR8 24- 33
wher ei n t heny§iiRY L SyifiedphBRE, & OHehbitpRshd G eBRLBn | deviRX 20B5RELOR fOr a

mi ni num active period. [0075] Although the features and el enents are

descri bed imicraphong.ef delewigionntsarticaiver s2 bangmifnep chdadsetc anksivheardons, each

feature or @%ﬁ%ﬁ‘%ﬁ@eﬁgﬂuﬂe yﬁgguﬁﬁg%dw&&@mm P&aioLAR! aﬁf&@ﬁ&'{%@%taﬁmd

el ements o rred e nts or 1 n various conbihat S with or

wi t hout ot klispldye@(QINdsspdamdirat, amergagic lighd-epsttingriloder (OLER) despraytunifpr ovi ded
may be i npl epent.ed i.n conputer _progra software. or fi r angi bly
erodt ed | Bt epRy B A o P Mee Rtk PR ufiuls FOUREGe "o er x
pur pose cofgpewssr, ad/@ gnyociedssy locdbapaiphetworld (WhANVieduleeadabl e st or age

medi uns include a read only ngnory (ROM , a random gccess nenory (RAM, a
regi ster, cache nenory, sem conductor nenory devices, magnetic nmedia such
as internal hard disks and renovabl e di sks, magneto-optical nedia, and
optical nedia such as CD-ROM di sks, and digital versatile disks (DvDs).

[ 0076] Sui t abl e processors include, by way of exanple, a general purpose
processor, a special purpose processor, a conventional processor, a digital
signal processor (DSP), a plurality of mcroprocessors, one or nore

m croprocessors in association with a DSP core, a controller, a

nai crocontrol l er, Application Specific Integrated Crcuits (ASICs), Field
Progranmabl e Gate Arrays (FPGAs) circuits, any other type of integrated
circuit (1C, and/or a state nmachine. [0077] A processor in association with
software may be used to inplement a radio frequency transceiver for use in
a wreless transmt receive unit (WRU)
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user equi prment (TIE), term nal, base station, radio network controller
(RNC), or any host conmputer. The WIRU may be used in conjunction with

nodul es, inplenmented in hardware and/ or software, such as a canera, a video
canera nodul e, a videophone, a speakerphone, a vibration device, a speaker,
a mcrophone, a television transceiver, a hands free headset, a keyboard, a
Bl uetooth(r) nodule, a frequency nodulated (FM radio unit, a liquid
crystal display (LCD) display unit, an organic light-emtting di ode (OLED)
display unit, a digital nusic player,, a nmedia player, a video gane player
nodul e, an Internet browser, and/or %#wm%jreless | ocal area network (W.AN)

nodul e. C ains 1. A nmethod for discontinuous reception (DRX) in a
wireless transmt receive unit (WRU), the nmethod conpri sing: t he
WIRU r ecei vi ng; I .control
(T emcanon ot T BRGS0 TRl B0 R0, RRRHT Bt

per|od|C|thGNTRULchhkémdnompﬁﬁﬁgCCNNECTED state the WIRU recei ving an
indication during DRX active tine that data is to be transmtted to the
WIRU; responsi : Wl active
time; and the Vﬁﬂlﬁ?g%@{ﬁeé;%%kggdl@%lg% rllﬁgtj}8 %Qﬁeﬁa\%%g?wg ggl?tlhgur ation
i nf or mat | RRE)nmesgotiseDRYE qoefi girdiiorginforDR¥omedmpraiiganDBXgyale i n a medi um
access contrg gNMKD nmessage. 2. The nethod as in claim1l1 further
conpr|S| 8& ing the DRX configuration information into a DRX profile.
3. The nethod as in claim?2 further conprising determning a DRX profile

i ndex associ atwhileintaRRGeCORXESIED $tate, the WTRY recEhéngwntindidatas dupingl ai m 3
further risi e RU recei vin ofil e over RRC signaling.

AR ol e B OFE Tt PSR RO ol

5. A netho ous r a wirel ess comuni cati on

responsive to receiving the indication, the WTRU remaining in active time; and
the WTRU resuming DRX using the received DRX configuration information in

response to receiving a DRX activation signal in a medium access control (MAC)
message.

2. Themethod as in claim 1 further comprising grouping the DRX

configuration information into a DRX profile.

3. The method as in claim 2 further comprising determining a DRX profile
index associated with the DRX profile.

4. The method as in claim 3 further comprising the WTRU receiving the DRX
profile over RRC signaling.

5. A method of discontinuous reception (DRX) in a wireless communication

system, the method comprising:
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system the nethod conprising: a wreless transmt receive unit
(WIRU) receiving DRX configuration information in a radi o resource control
(RRC) nessage, wherein the DRX configuration information conprises a DRX
cycle periodicity and a m ni mum active peri od; the WIRU receiving a
data indication signal froman e Node-B (eNB) during the m nimum active
period; responsive to receiving the data indication signal, the WIRU

stayi ng awake; and the WIRU r esumi ng DRX usi ng t he recei ved DRX

configuration n.in res recei act | vation signal
in a nmedium acacvé”srs S(r:rgc}atn? it re{cﬁh& %ﬁggﬁg{q recewmg ?%ig‘(lrrr%foﬁ’od as in claim
5 furt herinfomatiors img@radiereViirté ctdh&‘BlS(fRH@)l ﬂ@ssagéglvgnadm the DRI¢ eNB, wherein the
signal conpr.ises a request to enter 7. The nethod as in claim®6
furt her cwaﬁzslrgilwnfwawwrwrmmlﬁ FYFle preiodicifiand f RIRBIMEARSVBased on a
trigger. period; 8. The nethod as in claim®6 further conprising the eNB
responding to the signal with a second signal, wherein the second signal

conprises furthe configuratjaon infar i on. he t hod as
inclaim5s méF%ﬁNﬁ%ﬁéeCW% 3 iﬂa‘tl?rbﬂglmawqHﬂd%%ﬁﬁ\%?)ségmgt start
tinme. minimumb@ivelftgiogBt hod as in claim5 wherein the DRX configuration
i nformation conprises a DRX mi ni mum activation time and a DRX start tinme.

11. The nmethod as i.n I’lSI RU.resu at a
Start ot e odeRpiteR eoie itk e SRR s el e R TR L e R e

the WTRU resuming DRX using the received DRX configuration information in
response to receiving a DRX activation signal in a medium access control (MAC)

message.

6.  The method as in claim 5 further comprising the WTRU transmitting a

signal to the eNB, wherein the signal comprises a request to enter DRX.

7. The method as in claim 6 further comprising the WTRU transmitting the
signal to the eNB based on a trigger.

8.  The method as in claim 6 further comprising the eNB responding to the
signal with a second signal, wherein the second signal comprises further DRX

configuration information.

9. The method as in claim 5 wherein the DRX configuration information

comprises a DRX start time.
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12. The method as in claim5 wherein the data indication signal conprises a
data transm ssion start tine and an indication of a tenporal |ength of the

data transm ssi on. 13. A method of discontinuous reception (DRX)
and di sconti nuous transm ssion (DITX) in a wireless comuni cati on system
t he met hod conpri si ng: a wreless transmt receive unit (WRU)

recei ving DRX configuration information in a radio resource control (RRC)
nmessage, wherein the DRX configuration information conprises a DRX cycle

periodicity; t RU recei ving.an i.ndi.cati th data.i.s ta.be

Pranom tted t ol thel Rchos teapopifoevirif Bedcss et da ot (ne wirm
stayi ng avéises @MRX minimunh ectWhizbh tifs und R ORDRXMatsinikg t he recei ved DRX
configuration information in response to receiving a DRX activation signal

in a nedium access control (MAC) nessage. 14. The method as in
claim 13 further conprising the WIRU di sconti nui ng DRX based on a serving
cell strength falling below a threshol d. 15. The nmethod as in

clai m 13 furthkr clhwepreteiday idelean ifiithy campesing tiedVDRY respaniag PEX ddi ci ty
: ! . . - ; . . | .
vor ces oves SpibSf dgeifr DRGEERIC A e R DRRIVEERERTBL] 22 %1 Lnani °" °

receive unit (WIRU), conpri sing: a transceiver configured to receive
di sconti nuous reception (DRX) configuration information in a radi o resource
control (RRC) message in an RRC CONNECTED state, wherein the DRX

confi guration jnf omewidtil SORPRInS 8SviRrdRhe@Mel igdip@lIonGdingl doyiprisesa  the
transceiver further configured to receive an indjcatiqgn during DRX active
tine thatdaatransmdssion st fing aadin ndigation efipdemppraal length of thegatyy gcessor

confi gur eg, fRi-JogSponsive to receiving the indication, remain in DRX active
tinme; t%e transcei ver further configured to receive a DRX activation
signal in a nediumaccess control (MAC) nessage; and

13. A method of discontinuous reception (DRX) and discontinuous
transmission (DTX) in a wireless communication system, the method comprising:

a wireless transmit receive unit (WTRU) receiving DRX configuration
information in a radio resource control (RRC) message, wherein the DRX

configuration information comprises a DRX cycle periodicity;
the WTRU receiving an indication that data is to be transmitted to the WTRU;
responsive to receiving the indication, the WTRU staying awake ; and

the WTRU resuming DRX using the received DRX configuration information
in response to receiving a DRX activation signal in a medium access control (MAC)

message.

14. The method as in claim 13 further comprising the WTRU discontinuing
DRX based on a serving cell strength falling below a threshold.
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the processor further configured to resune DRX using the recei ved DRX
configuration information in response to receiving the DRX activation

si gnal . 17. The WIRU as in claim16 wherein the DRX configuration
information conprises a DRX start tine. 18. The WIRU as in claim16
wherein the transceiver is further configured to transmt a signal to the
eNB, wherein the signal conprises a request to enter DRX 19. The
WRU as in claim18 wherein the transceiver is further configured to

transmt the Siﬁn?flhetnﬁetﬁor}leas%ll\l ga%?? ?urﬁlwg ?%rﬁér%s%%ﬁ#e}eminir&g ¢ sepax%?e‘ D WIRU as

in claim17 wherein the processor is gure o 'resune at a
start of eycteq@uiodicitiIR¥ centaih @ermickd) villeeein the @keitainl sédecyahmispear leadone ty.  21.
The WIRU as i.n clain\%s Xgeéeig the transceiver is further configured to:
measure aft Yoregcvelit (V OiPand OFP BIGWSH'S ecepti on of data; and deternmine DRX
operation start based on the inactivity tine. 22. The WIRU as in
claim 16 wherein the transceiver is further configured to: remain in DRX
operation for a mnimm active peri od.

16. A wireless transmit receive unit (WTRU), comprising:

a transceiver configured to receive discontinuous reception (DRX) configuration
information in a radio resource control (RRC) message in an RRC_CONNECTED state,

wherein the DRX configuration information comprises a DRX cycle periodicity;

the transceiver further configured to receive an indication during DRX active

time that data is to be transmitted to the WTRU;

a processor configured to, responsive to receiving the indication, remain in DRX

active time;

the transceiver further configured to receive a DRX activation signal in a

medium access control (MAC) message; and

the processor further configured to resume DRX using the received DRX

configuration information in response to receiving the DRX activation signal.

17. The WTRU as in claim 16 wherein the DRX configuration information

comprises a DRX start time.

18. The WTRU as in claim 16 wherein the transceiver is further configured to

transmit a signal to the eNB, wherein the signal comprises a request to enter DRX.

19. The WTRU as in claim 18 wherein the transceiver is further configured to

transmit the signal to the eNB based on a trigger.
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20. The WTRU as in claim 17 wherein the processor is further configured to
resume DRX at a start of a regular DRX cycle with the received DRX cycle periodicity.

21. The WTRU as in claim 16 wherein the transceiver is further configured to:

measure an inactivity time following reception of data; and

determine DRX operation start based on the inactivity time.

22. The WTRU as in claim 16 wherein the transceiver is further configured to:

remain in DRX operation for a minimum active period.

22



