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In traditional wreless tel econmuni cations systens, transm ssion equi pnent
in a base station transmts signals throughout a geographi cal regi on known
as a cel|. ¥2#¥INEH ogy has evol ved, more advanced net f‘lksz"a“é’@?g%?

equi pnent has been introduced that can provide services that were not
possi bl e previously. This advanced network access equi pnent m ght incl ude,
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advanced or next generation equipnent is typically referred to as long-term
evol ution (LTE) equi prment. For LI EBAGUGREUND the region in which a

wi rel ess device can gain access to a tel ecommuni cations network m ght be
referred to byn draddiopalovingdess elecchwalhitationa cdystems, HEnseesich. edwpmertdin a
herein, the term™"cell"” will be used to refer to any region in which a
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of whether the wireless device is a traditional cellular device, an LIE
devi ce, aqectromRyddsasvolled] B@re advanced PeterR ictdst equighéntasussa ikvodigeds in
a tel ecommuni cati ons network can include both nobile termnals, such as
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the network access equipnment (e.g., eNB) to the Is referred to as a
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equi prment to as an upI I nk transm ss W rel ess communi cati on
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| -LTE equipment, the region in which a wireless device can gain access to a
telecommunications network might be referred to by a name other than “cell’, such as “hot
spot’. As used herein, the term “cell” will be used to refer to any region in which a wireless
device can gain access to a telecommunications network, regardless of whether the
wireless device is a traditional cellular device, an LTE device, or some other device.
Devices that might be used by users in a telecommunications network can include
both mobile terminals, such as mobile telephones, personal digital assistants, handheld
computers, portable computers, laptop computers, tablet computers and similar devices,
and fixed terminals such as residential gateways, televisions, set-top boxes and the like.
Such devices will be referred to herein as user equipment or UE.
In wireless communication systems, transmission from the network access
equipment (e.g., eNB) to the UE is referred to as a downlink transmission. Communication
from the UE to the network access equipment is referred to as an uplink transmission.

Wireless communication systems generally require maintenance of timing synchronization
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WO 2009/ 117671PCT/ US2009/ 037828 to all ow for continued conmuni cati ons.

Mai nt ai ni ng uplink synchroni zati on can be probl ematic, wasting throughput
and/ or decreasing battery life of a UE given that a UE may not al ways have
data to transmt. SUMVARY According to one broad aspect, the

appl i cati onwozw¥/teesia met hod of uplink reference signabctiuszo®mizsas on in a
user equi pnent conprising: starting uplink reference signal transm ssion in
anticipation of transmtting uplink data; transmtting uplink data after
starting uplink reference signal transm ssion; continuing uplink reference
si gnal tr &hatpysfosncantinigd competicaiionsf Maintainings iplimko syncheonigstion kcatatbe.
According to another broad aspect, the application provides a conputer
readabl e peEdlamaticavastpgdoneparut aosier decrbasing battary tifieicd adJE piver that el e arayf or

i npl ementing a nethod conprising: starting uplink reference signal

t ransm ssnotalvaysmviecapeatoiteamswit. t ransm tting uplink data; transmtting
uplink data after starting uplink reference signal transm ssion; continuing
uplink reference signal transm ssi onSUMMARYonpl eti on of transm ssion of

t he uplink data. Accordi ng to another broad aspect, the application

provi des a usehcoeeing e ndne: ongid 6P, the epplicBionmstoliges an nidthbd kofSigIRR!
generation nodule that starts generating the uplink reference signal in
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reference signals until conpletion of transm ssion of the uplink data; and
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nodul €. starting uplink reference signal transmission; continuing uplink reference signal
transmission until completion of transmission of the uplink data.

According to another broad aspect, the application provides a computer readable
medium having computer executable instructions stored thereon for implementing a
method comprising: starting uplink reference signal transmission in anticipation of
transmitting uplink data; transmitting uplink data after starting uplink reference signal
transmission; continuing uplink reference signal transmission until completion of
transmission of the uplink data.

According to another broad aspect, the application provides a user equipment
comprising: a receive module; an uplink signal generation module that starts generating the
uplink reference signal in anticipation of transmitting uplink data and continues to generate
uplink reference signals until completion of transmission of the uplink data; and a transmit
module configured to transmit the uplink data and to transmit the uplink reference signals
generated by the uplink signal generation module.

According to another broad aspect, the application provides a method for uplink

reference signal transmission in a user equipment comprising: starting an on duration when



Accordi ng to another broad aspect, the application provides a nethod for
uplink reference signal transm ssion in a user equi pnent conpri sing:
starting an on duration when WD 2009/117671PCT/ 13S2009/ 037828 a schedul i ng
request is to be sent; sending a SRS transm ssion during the on duration;
di sconti nuiWg 20ME1BRS transm ssion after an expirati on RET/E300983782kr at i on.
According to another broad aspect, the application provides a conputer
readabl e nedi um havi ng conput er executable instructions stored thereon for
i mpl enment i g%) a net hod conpri si ngq:t_ startin l.i nk reference signal
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uplink data after starting uplink reference signal transm ssion; continuing
upl i nk r efiggoaHdng therRiRS trRRsTaissien pBAr amexniraliensf Beiosrdustionr ansmi ssi on of
t he uplink data. Accordi ng to anot her broad aspect, the application
provi des a uséccagingpivernothesnhipad iagpectathecarnlicationorrgvides ancamputerkresdgblgl
generation nodul e that starts generating the uplink reference signal in
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reference signals until conpletion of transm ssion of the uplink data; and
a t r ansminethod cbrepasing:i anting  vplirkr aeteréncet segrapl ransndssien aind anbicipatioms nft
the uplink reference signals generated by the uplink signal generation
nodul e. transmitiieg aplinin glatay teamstrhiéing bupdiakl dedgpeafter staréing pplinic aeflecancpr signales a
met hod conprising: transmtting uplink reference signals from before an
ori gi nal tcmbmidsicinsoordimuimg wplink  Eferphed | signalf tangmissionansitil seinypietidriARD
processes that may foll ow.

transmission of the uplink data.

According to another broad aspect, the application provides a user equipment
comprising: a receive module; an uplink signal generation module that starts generating the
uplink reference signal in anticipation of fransmitting uplink data and continues to generate
uplink reference signals until completion of transmission of the uplink data; and a transmit
module configured to transmit the uplink data and to transmit the uplink reference signals
generated by the uplink signal generation module.

According to another broad aspect, the application provides a method comprising:
transmitting uplink reference signals from before an original data transmission until
completion of any retransmissions/HARQ processes that may follow.

According to another broad aspect, the application provides a method comprising:
transmitting uplink reference signals from before transmission of an original data
transmission until completion of the original data transmission after which uplink reference
signals transmission is stopped; in the event that retransmissions are necessary, restarting
uplink reference signals transmission before the retransmission and continuing until

completion of the retransmission after which SRS transmission is stopped.
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According to another broad aspect, the application provides a nethod
conprising: transmtting uplink reference signals frombefore transm ssion
of an original data transmi ssion until conpletion of the original data
transm ssion after which uplink reference signals transm ssion is stopped;
I n the evenyyolzb@ii1fe@f r ansm ssi ons are necessary, rest ardam@zepbizeie
reference signals transm ssion before the retransm ssion and conti nui ng
until conpletion of the retransm ssion after which SRS transm ssion is
stopped. WO 2009/ 117671PCT/ 1 TS2009/ 037828 BRI EF DESCRI PTI ON OF THE

DRAW NGS For a nor RIBERDESCRIFATHIEN ORTHEMRANINGSSs di scl osur e,
reference is now nmade to the follow ng brief description, taken in
connecti on w tFar aimeora compiete yhdestanading of thisdidcldeira) refflersbess howtrhads touber ei n

li ke reference nunerals represent |ike parts. Figure 1 is an
i1 ustratfoswifg brief @lcbtipAibnNeIkeAr it aGrHRICHbM Gvithothan aesthgstinygt defvindzeand
di scl osure; Figure 2 is an illustration of a cell in a cellular

net wor kK afetAledidedcripfioR witstBRdik e Reterepte hbRefliS@bRsEhEike parts.

Figure 1 is an illustration of a cellular network according to an embodiment of the
disclosure;

Figure 2 is an illustration of a cell in a celluar network according to an embodiment.
of the disclosure;

Figure 3 is an illustration of a possible uplink transmission channel;

Figure 4 is a timing diagram;

Figure 5 is a flowchart showing an example of a method of uplink reference signal
transmission;

Figure 6 is a timing diagram showing an example of uplink reference signal timing;

Figure 7 is a flowchart of a method of uplink reference signal transmission by a UE';

Figure 8 is a flow chart of a method in network access equipment that corresponds
with the method of Figure 7;

Figure 9 is an exemplary diagram of modules in the UE.

Figure 10 is a diagram of a wireless communications system including a mobile
device operable for some of the various embodiments of the disclosure;

Figure 11 is a block diagram of a mobile device operable for some of the various
embodiments of the disclosure;

Figure 12 is a diagram of a software environment that may be implemented on a

mobile device operable for some of the various embodiments of the disclosure; and



Figure 3 is an illustration of a possible uplink transm ssion channel;
Figure 4 is a timng diagram Figure 5is a flowhart show ng an
exanpl e of a nmethod of uplink reference signal transm ssion; Figure 6 is a
ti mng di agram show ng an exanpl e of uplink reference signal timng; Figure
7 is a flowwparw/igie’a nmet hod of uplink reference signalPGIVEs2e0%i0320n by a
UE;, Figure 8 is a flow chart of a nethod in network access equi pnment that
corresponds with the nethod of Figure 7; Figure 9 is an exenplary di agram
of nodules in the UE Figure 10 is a diagramof a wreless
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vari ous enbodi nents of the disclosure,;
of the present disclosure.

DETAILED DESCRIPTION

It should be understood at the outset that although illustrative implementations of
one or more embodiments of the present disclosure are provided below, the disclosed
systems and/or methods may be implemented using any number of techniques, whether
currently known or in existence. The disclosure should in no way be limited to the
illustrative implementations, drawings, and techniques illustrated below, including the
exemplary designs and implementations illustrated and described herein, but may be
modified within the scope of the appended claims along with their full scope of equivalents.
Figure 1 iliustrates an exemplary cellular network 100 according to an embodiment of the
disclosure. The cellular network 100 may include a plurality of cells 1024, 102,, 1023, 102,
1025, 1026, 1027, 1028, 1025, 10240, 10241, 10242, 10243, and 10244 (collectively referred to
as cells 102). As is apparent to persons of ordinary skill in the art, each of the cells 102
represents a coverage area for providing cellular éervices of the cellular network 100
through communication from a network access equipment (e.g., eNB). While the cells 102
are depicted as having non-overlapping coverage areas, persons of ordinary skill in the art
will recognize that one or more of the cells 102 may have partially overlapping coverage
with adjacent cells. In addition, while a particular number of the cells 102 are depicted,
persons of ordinary skill in the art will recognize that a larger or smaller number of the cells
102 may be included in the cellular network 100.

One or more UEs 10 may be present in each of the cells 102. Although only one
UE 10 is depicted and is shown in only one cell 10245, it will be apparent to one of skill in

the art that a plurality of UEs 10 may be present in each of the celis 102. A network access




Figure 11 is a block diagram of a nobile device operable for sone of the
various enbodi nents of the disclosure; Figure 12 is a diagramof a
sof tware environnent that may be inplenented on a nobil e device operable
for some of the various enbodi nents of the disclosure; and WO

2009/ 11767 36 h)ddpee9/ 037828 Figure 13 is an exemplrakyoodsiigisal
pur pose conputer according to one enbodi nent of the present disclosure.
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engaged in certain activities, such as transmitting signals; however, as will be readily
apparent to one skilled in the art, these activities would in fact be conducted by
components comprising the cells.
In each cell, the transmissions from the network access equipment 20 to the UEs 10
are referred to as downlink transmissions, and the transmissions from the UEs 10 to the
network access equipment 20 are referred to as uplink transmissions. The UE may include
any device that may communicate using the cellular network 100. For example, the UE
may include devices such as a cellular telephone, a laptop computer, a navigation system,
or any other devices known to persons of ordinary skill in the art that may communicate
using the cellular network 100.
The format of an example of an uplink channel is shown schematically in Figure 3.
The transmission can be one of a number of different bandwidths (e.g., 1.25, 5, 15, or 20

MHz). In the time domain, the uplink is broken into frames, sub<frames and slots. Each

slot 201 (shown as slots 2014, 201,,..., 20149, 20120, collectively slots 201) is made up of



One or nore UEs 10 may be present in each of the cells 102. Al though only
one UE 10 is depicted and is shown in only one cell 10212, it will be
apparent to one of skill in the art that a plurality of UEs 10 may be
present in each of the cells 102. A network access WO

2009/ 11767 WCPP0I32BOO/ 037828 equi pnent 20 in each of t hRCTER2009/03B28 per f or ns
functions simlar to those of a traditional base station. That is, the

net work access equi pnents 20 provide a radio |link between the UEs 10 and

ot her conponents in a telecommunications network. Wile the network access
equi prentseyencsthegend fisaueneyn divisian mptiplexed (OERH) BymrelR ldr sTwe Slath £01
networ k access equi pnent woul d be present in each of the cells 102.
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be present in the other cells 102. A plurality of UEs 10 are present in the
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di scl osure, the cellular systenms or cells 102 are described as engaged in
certai n asscaptioneis, providad as am axamptet only. si gmalls witbinakemit usiigwe | donblant-
readily apparent to one skilled in the art, these activities would in fact
be conducngdlitie amdnzereaitsca miglionsiOAFZACjesexpiehse so that mbre #wohomeUE mialie
transm ssions fromthe network access equi pnent 20 to the UEs 10 are
referred ttamsast shnuitdriedkslyr anerdensodulztion D) trbferdricarsymibes (RB)sis fplawedtdmethelEs
10 to the network access equi pnent 20 are referred to as uplink
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cellular network 100. For exanple, the UE may include devices such as a
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channel is shown schematically in Figur The transm ssion Can be one of
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such transmission opportunity is broken down into several blocks of 12 sub-carriers that
correspond to the same frequency bandwidth as a resource block. A UE may use one or
all of those frequency blocks depending on the transmission bandwidth selected. The UE
may also use every other sub-carrier in one or more multiple blocks. In the illustrated
example, an SRS is shown in the first symbol 207 of the sub-frame 205, and of sub-frame
20145. Figure 3 also shows where in time and frequency that the physical uplink control
channel (PUCCH) 211 is placed. Control signaling takes place in the PUCCH. In one
embodiment, the system implements a hybrid automatic repeat request (HARQ)
acknowledgement (ACK)/negative acknowledgement (NACK) feedback. An ACK or NACK
is sent on the PUCCH 211 by the UE to the eNB to indicate whether a packet transmitted
from the eNB was received at that UE. The physical uplink shared channel (PUSCH) is

used to send user data.



WO 2009/ 117671PCT/ US2009/ 037828 seven orthogonal frequency division

mul tipl exed (OFDM) synbols 203. Two slots 201 make up a sub-frane 205
(sub-frames 2051, 2052..... 20510, collectively are sub-franes 205). A frane
is a collection of 10 conti guous sub-franes. Because the exact details of a
sub-frame 280 0@M1%8f Y dependi ng upon the exact inpl engigaish@bosskize

follow ng description is provided as an exanple only. The UE wll transmt
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the control channel 211 is taken up by at |east one resource bl ock on the
very out sgrafnéldgswitfbd Bppretitdetey oamrcuplink chantd!! dorkiglirafisiseres 15 @ad
transm ssion opportunities for channel quality assessnment and/or timng

al i gnmentyieeifl. anSifsink TefeRsHcRGkidrall @aRSARsBh 83!, )IRSY BIeht 8SiiamPRotibH Mt i es
may exi st anywhere in each sub-franme 205 and nost likely at the begi nning,
or end. ERSDpfkGHeddaBBSibt hekadtanp Rl 4t hd Yedithi 6{‘%’%' ied tinfevi

bl ocks of 12psub-car rgi ers that cgrre)épond t%ﬁylﬁl’%gﬁs(g‘rye frec?&glﬁgf/lﬁ%e{ﬁ{waclith
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dependi ng on the transni ssion bandw dth sel ected. The UE may al so use every
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configurations may be used wherein an uplink reference signal transm ssion
(e.g., SregssageZdit TR iURlkarsfenspre iséﬂﬁ‘agirafﬂfﬁ@sﬂﬁ'l‘i'mﬁtfuﬁ%bH@é?’agﬁ)t?M may

necessarily only at the beginning or end of a specified tine interval
(e.g., slieglyde any one of a variety of instructions. For example, the network access equipment

20 may instruct the UE 10 via the reference signal transmission instruction message 241 to
send the reference signal transmissions at a constant rate, or in bursts depending on the
velocity of the UE 10 relative to the network access equipment 20. In response 243, the UE
10 may send the reference signal transmissions (e.g., SRS) in accordance with the
instructions of the network access equipment 20.

In order to conserve battery power in the UE, the UE may operate with
discontinuous reception (DRX). Typically, the UE will turn its receptioh capability on and off
in a repeating fashion. The network is aware of the DRX behavior and makes its
transmission to the UE during periods that the reception capability is on. An On period

followed by an Off period is a DRX cycle.



In order to maintain uplink synchronization, it is desirable for the
networ k access equi pnent 20 (shown in Fig. 1) to calculate the uplink
channel conditions by analyzing signals sent fromthe UE 10. One possible
timng diagramof signals sent between the network access equi prent 20 and
the UE 10 iq§’°§1’f’3%7671n Figure 4, In this enbodinent, th&Gé¥ 3%¥cess
equi pnent 20 instructs the UE 10 when to send an uplink reference signal
transm ssion (e.g., SRS), through use of an uplink reference signal
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networ k access equi pnent 20. In order to conserve battery power in
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the UEwWill turn its reception capability on and off in a repeating

f ashi on. SeReessBillworkinpetivivdmer uill b statesk Adheend of thedOnpreed,ithe UE may go
transm ssion to the UE during periods that the reception capability is on.
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by t he ndiransmissien of dplink Befarerd¢eySignal immAnticipation of Upligk dfansmis&iad- cycl e
On Duration, inactivity timers and HARQ tiner. During the On periods
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Duration), the UE wll nonitor the PDCCH (packet data control channel) or
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transm ssions. Wien a PDCCH i s decoded successfully, an inactivity tinmer
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according to the DRX configuration. Transm ssion of Uplink Reference Signal
i n Anti cishghtiysefad thépbtartiof TRtk 3&inSiMission, and Bufir BepRRdiraRdtiSsiok NEheE
does not transmit an uplink reference signal until it determnes that it
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(oo SRR BboRd R GARRIN LA RRcRer o Bkl Sy 8RIANSRL B pefodd BHEF
and of fBeiedERlgue -3 Nt ekt ornd iy Babasifbl RYEH i pBLGe REGRTE, °°°

the most ofic;rttgg%&?r éﬂ lefioGi it %Emtehé;mggd?rherq@r E%tplﬁ&jeogéégéééfﬁl@8%5@%%8%?6 The

enbodi nen ut o enerally they 'need not "be nec

Fr anam SORSHAARY A ioBehat T Ui PRgBs v A ine Rene fgance
arter hasing Sadtaton Fubnalie AL fenSSHURERP I, < Lho mengd ppdes
o o 518850, SR B S BP fa ERa5aI 508 ol WS SR i

reference signal fransmission. At block 5-4, the user equipment continues uplink

reference signal transmission until completion of transmission of the uplink data.
The embodiment of Figure 5 assumes that the uplink reference signal transmission

in anticipation of uplink data transmission is in the context of DRX control of the receiver.
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The enbodi nent of Figure 5 assunes that the uplink reference signal
transm ssion in anticipation of uplink data transmssion is in the context
of DRX control of the receiver. WD 2009/117671PCT/US2009/ 037828 | n anot her
enbodi ment, bl ocks 5-2,5-3,5-4 are executed by a user equipnent that is not
operating iwoRRumee i n which case block 5-1 can be omdriusgde0s37s28

‘Referring nowto Figure 6, a specific exanple will be described. In this

exanple and all of the exanples that follow, the reference signals are
assuned to be SRS transm ssions. It is to be understood that all of the
exanpl es lgiansthen@mbodippdnit cliotksn5-2r-3 Sgearer edelcyted by @ LeereqLiprsentrihbtsis et gur e
6 shows the timng of various signals for a UE in DRX node. Shown is DRX

ti m ng 8Cfperatingdn DRX mypdé i valsish gaseebiock &1 manpedihittdcbr avail abil ity of data
for transm ssion, timng 822 for uplink data transm ssion, a scheduling
request ti m ngReferdng atvedo BiguRss),a gpetifiSkRSatila wity be resariiedd irathiB&impld anddRX
timng 800 consists of a DRX cycle 802 that includes a DRX On Duration

(i ndi cat edfl af ®e4pxanpes BRX Blidw, Diieatreferencéheighaleeareragsematit & it &SRS
turned on for On periods having the DRX On Duration and off for O f periods

havi ng t heanefissidnk, Uit aé beinddii®odRRat diNdfibe 8X4mplas gien $Bve BEblicatoBhdre Thi s

represents the timng of an uplink resource that is available for SRS

transm ss@?éh@rauws PofafMRE &idndls. t PRuldEs BRORS Fhd Smihgderf Vaolis Qiynafs B aayRiih abl e
set of uplink reference signal transm ssion opportunities. In sone

enbodi MErBRX hBde" MErdva! isd BRX iftthd BOS Gof BADRK! éﬁl&%s&@ﬁ%ﬁyrﬂﬂiﬁf%m%r

contained in signalling information transmtted to the UE by the network.

In the ||ddidiiy &f a8 ABPhnrhBSo iRk 20 T0HA0FRKI i R RS, & SSAUARy DUt

i n other e resource I1s not necessarily perio

oL 2L G P gl ARk ot e a8 1418 Shi? mRSigieR] G415 e DK HEREGHOO ©

802 bujt tNrs 1s i ementation’specl o el ow, ‘an SRS’ I's” not
Lransi | LaSegle GUEEIOBIRS BBt ndlfod ISR O Bufthoh DRGRARH A el |,
That dat Pk O Grielis o T reseies b ARePaiERREation B Ot Fagnd pep @R DA™
SPect | R el O oo AT R 6, 56 A
2009/ 117687& %lééés 59209485’ ZeBpZI'GBSBFItS the timing of an uplink resource that is available for SRS
transmission. More generally, the UE maintains a definition of an available set of uplink
reference signal transmission opportunities. In some embodiments, information defining
these transmission opportunities is contained in signalling information transmitted to the UE
by the network. In the illustrated example, the uplink resource is a periodic resource but in
other embodiments, the resource is not necessarily periodic. in the illustrated example,
there is a ratio of 12 SRS periods to one DRX cycle 802 but this is implementation specific.
As described below, an SRS is not transmitted at every opportunity. The timing 810 of the
availability of data to be sent on the uplink may for example indicate when data arrives in a
buffer for transmission. For the purpose of this example, it is assumed that data is

available at 812 for transmission on the uplink. For the specific example indicated, the

scheduling request timing 830 shows a scheduling request transmitted by the UE at 832 in
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respect of the data available at 812. In sone enbodi ments, a scheduling
request is an indication sent by the UE to the base station to request a
previ ously assigned uplink resource that may be sem -persistent in nature;
this means that the sanme resource is assigned each tinme the UE requests the
resour ce soVPRM1YEThi | s of the assignment do not need RI/HRORFWA ed each
time. The timng of the resulting uplink data transm ssion is indicated at
825. The uplink transm ssion may for exanple occur using a sem -persistent
resource._ Mr neral |y, .for exanple of Fi.qure 6, the SRS behavi qur
can be ir{e?%escﬁé’g eof’gtﬁn%)//allj%tﬁ? ﬁi{%ﬁ?aﬁg %g‘ﬁ %rﬂPoc{ilﬁseggn.&ysq%ﬁ&g'ngereques? IS an
transm ssi Qns. usi nhg ,a sem-persi st ent soyrce, or dynam cally. schedul ed

tr anem sdSRRIsAL A e UE"E Binobat® olafion 6 iRt o praviasel edpidied pplek
data arrives at 812 for transm ssion. on the Plink bet ween DRX On )

Dur at i ondSSEEH &hatiMIY bRaFIMIRFraIFent in H@t“FF’extH ScReat fiatdhe (SeMe EFSeHIce Bhe
SR at 832, the UEis allowed to transmt when it receives data for

transni s<s§igned gach Hpedhe bl ipaHesfs theesprrcpsebal delailsif tarapsigneeni<iociall | v
the UE requests an uplink transm_ssion resource using sone request
nmechani sfFeddPrRp slgnalediqashdine hdiig! tirigg rdd dhe sesutingnHielink data disnsmissien ishe
next avail abl e OPgortuni ty after the start of receipt of data for uplink

t ransni sgndieated gt 3 Thabpdmsansmission may fou exempPRRCewNtsing a lsemi-phksistent
receiver off when the SRis transmtted, the UEwill turn on its receiver
i n order regpures; eiMereagengpliyn korgharaxampie of &iguwse t6, iteg SRS bekaviplrecare bsant
using an uplink resource previously assigned for that purpose; it may be a
dedi cat edespesbaf gny GpiinkdragsméssiodEthis may dovahentranemissiensdusings a Serépesistadie a
few exanples. This may reduce average UL | atencies and problens with
channel cesmescd, icodynhmicaly Cheduled transsisSipns ondnhe b fevagxamples. when the UE i s
restricted to transmtting during DRX On Cycle Durations. In such

enmbodi ment s, tritherigtreted éxkampld) data@riivds 4tree 2o tearisatisgigseniheapinikbétdeen
subsequent transm ssion of the uplink data are both perfornmed irrespective

of the ODRNOroDlratiens. oty thdrewkiBing iunél thelriexs OMEDurdldn to transmit the SR at
2009/ 117671PCT/ US2009/ 037828 enbodi nents, the network transmts signalling

to the UBsRotoUE @UBRWdED GBASIREWHIRER retdvdde datl! fr tinbmRi t fnSome
request for the uplink transm ssion resource and to transmt the uplink

data irr aiRRirheits Othd UE @andiifs Ahé IR InRHE GEnckdl§ fHRCOEY Bquebl 9k NQlink

u
embodi nents, the UE is able to behave ih this manner wt houc{ recei ving

signal I'i %ngﬁwg&glohhl%saﬁhwéfng some reaestt ﬁ\%@ﬁ%ﬁ@ﬁ 28ink Sart ra%%%ﬁé@%ﬁfg&uiing

anti ci pation ata transm’ssion 825. Speci ally, "as s

o SLAReOEa B QXS AoRK AR A1 Vbl SIEATIAS 368, SN BT P 1
SFS 15 LB R SR ST AN S AR bR el She”
om0 ook ek sl B 58 O S O SR BB b AR L

opportunities that,oeccur durin | i nk ta transm ssign and then .

o Scont | ORI Rkt offe SRy HE eaivele bt WBRG A ok FhRoukekipriausly
Figure 6. . I one_enbpdi nents, after transm ssion of an SR (such as
ot 28a) - AHENSRLIGrR ALEBEn R A e SR AGBIer S GAG 0 oMt bt ORGP
channel , suc£ as the PDCCH (packet data control channel) described in TS
36. 211 ($88S ER[QUGR 1) NREE ShipW RXIPPISE at HUs Ay Edure qveraog Uk datengiss ang. | n
sone enbodi nents, an inactivity tiner is used to control when to

di scont i RIRPIEE with-chapnelssangestiop duingnan Ourations; Gycless theh aypgerk whearthe may
be used as a trigger to start an inactivity timer. The SRS transm ssion is
di scont i Mg regtrieted thisansmiting duing PRAEPN Eyslergrations.  In such embodiments, the

request for the uplink transmission resource and the subsequent transmission of the uplink

data are both performed irrespective of the on and off periods of the receiver. In some
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SRS Transm ssion at Cl osest SRS Transm ssion Qpportunity in the Uplink
Before Uplink Resource Request In sone enbodi nents, the UE starts
maki ng SRS transm ssions at the closest SRS transm ssion opportunity in the
upl i nk before making an uplink resource request. In such enbodi ments, the
nmobi | e deviwe 20@iiiisad Ns a definition of a set of avail algrasaiesyos¥R

2009/ 117671PCT/ US2009/ 037828 transm ssi on opportunities as descri bed
previously. The | atest of these opportunities that occurs prior to making
an uplink resource request is the one within which the SRS transm ssion
starts. Témebaduaamtsethefnefivorrtean8mith Isignialling és thenUB .to Iconfigune e esrrequipamertRS
transm ssion opportunity 825 is the latest SRS transm ssion opportunity

t hat occuodepsbleto trandmittiemettiesidor the uphhlatrar&3dssion resourcerarsloloeransmit the
enbodi ments, this behaviour is in respect of an uplink resource request for
a sem - pajphinis tamtiregmotivecss;thé bh andweff peasdsofang fezelver oinathersinitddirnenta lithe e
descri bed SR nechanism in sone enbodi nents, this behaviour is in respect

of an uplipks s R iasrave fomeshatiivithsuttetdiving Bighkifty fishnige AetéK ent i on
based access nmechani sm (for exanple the RACH (random access channel)

nmechani sm des @R RENIMMsdien #irigdered FaNRRERiIDABF 8ata tidnBRAldsion 825, SPRifically,
enbodi nents, both the SR and contenti on based resource request mechani'sns

are avai | apiwr SRS §8%mib&bSs 0BE8\GvBHE period 824 VAidrOSScofRRSSY ﬁﬁstidﬂag @fbeen
described to trigger the start of SRS transmi ssion in anticipation of data

transm s§heny e ih@UFarlsrhsdon l%ﬁﬁ %?er@‘:la?é)aﬁfggy g o it TyARe B the SRS is

transm ssion. The first exanple was descri ove and’invol ved starting

an i nactipddahitddTer THPOSRE S ShdthisQbn Aatd! deflte J6AR! trahdfissBrr LaADSHFSE ON
stops upon expiry of the rnactivity tinmer.
discontinued after the data has been transmitted. In some embodiments, this involves
continuing uplink reference signal transmission until a last of the available set of uplink
reference signal transmission opportunities that occur during uplink data transmission and
then discontinuing reference signal transmission as shown for the example of Figure 6.

In some embodiments, after fransmission of an SR (such as at 832), the network
responds with an uplink grant on a downlink control channel, such as the PDCCH (packet
data control channel) described in TS 36.211 (see section 8) hereby incorporated by
reference in its entirety. In some embodiments, an inactivity timer is used to control when
to discontinue SRS transmission. For example, receipt of the uplink grant may be used as
a trigger to start an inactivity timer. The SRS transmission is discontinued after the
inactivity timer expires.

SRS Transmission at Closest SRS Transmission Opportunity in the Uplink Before
Uplink Resource Request
In some embodiments, the UE starts making SRS transmissions at the closest SRS

transmission opportunity in the uplink before making an uplink resource request. In such

embodiments, the mobile device maintains a definition of a set of available SRS
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I n anot her enbodi nent, the UE will sinply stop the SRS transm ssion at
end of the data transm ssion; in sonme enbodi nents at the earliest
opportunity after data transm ssion has finished. In some

enbodi ments, SRS is transmitted during an original data transm ssion an
any retransWP3UEHETIHARQ processes that may fol |l ow. ThePCES2H0Q8H ssion s
transmtted frombefore data transm ssion until conpletion of any

t he

d

retransm ssi ons/ HARQ processes. WD 2009/ 117671PCT/ US2009/ 037828 In
ot her emhodi nents, the SRS transmi,ssion.i s transmtte rom before

Cr Ansm s ST OABIORy ORRERYTHSY o6 SBSTIERG FSRYIOGs b T IR (FPSIT IBPER PRRP bR dha
original data transm Sii on aftc-ﬁr whi ch SRS transnj ssion is sto,p'ged. [ n_the
event t h&CCHS PAsio Takingsan rplipl fesuies, reayest i the aneswiin whick dhe SR i n
order to cover the retr%_nsm' ssions. As in the case for original

transm sdfHRBISSiAN steds arhhe example iof iFigire Gnilldstraterethiset Maers hg§ $een e SRS
continues until _conpletion of the retransm ssion. Reference Signal Timng

Al i gnnentiransmissionpppeRENlBRSIE thehlatest SESFansEssionyerporivnin thaf gequsnprielite
made for two different purposes:

transmitting the SR at 832.

In some embodiments, this behaviour is in respéct of an uplink resource request for
a semi-persistent resource; this may for example involve using the above described SR
mechanism; in some embodiments, this behaviour is in respect of an uplink resource
request that is a transmitted using a contention based access mechanism (for example the
RACH (random access channel) mechanism described in TS 36.211 (see section 5);
finally, in some embodiments, both the SR and contention based resource request
mechanisms are available to trigger this behaviour.

Various mechanisms have been described to trigger the start of SRS transmission
in anticipation of data transmission. Various mechanisms are also provided to stop SRS
transmission. The first example was described above and involved starting an inactivity
timer upon receipt of an uplink grant; the SRS transmission stops upon expiry of the
inactivity timer.

In another embodiment, the UE will simply stop the SRS transmission at the end of
the data transmission; in some embodiments at the earliest opportunity after data
transmission has finished.

In some embodiments, SRS is transmitted during an original data transmission and
any retransmissions/HARQ processes that may follow. The SRS transmission is
transmitted from before data transmission until completion of any retransmissionsfHARQ

processes.

13
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a) to allow the network to assess the quality of the uplink channel so that
the network can determ ne an appropriate adaptive nodul ati on and encodi ng
for uplink transm ssions; b) uplink timng alignnent, as descri bed
previ ously. The transm ssions are the sane in either case, but the
net wor k maywopee@aikeim Wi th differing timng constraint ecthdbocesssil e, the
network may need the reference signal for uplink channel quality assessnent
nore frequently than for uplink timng alignnent. In sone enbodi nents,
rather than the UE making these reference signal transm ssions for .1A
timng alignmdmt othedepmbdeintants, other 6308 etransmisgioal id risaremitad ofinemf defarel | nk
channel assessnent, the UE aligns the timng of these two reference signal
transm sstransmisdiorer ean poriginiad | datantansindssidrhaurtil rdonglstienabi dime doriginal ydata
single reference signal transm ssion is nade. Specifically, the

net wor kK agariseissidrneftddbwhicet SRSNEansmigia ist stoprsst. S the evppothbUrsirahefistiohs
timng alignment and reference signal transm ssion opportunities for uplink

channel  o4falrebyssahs SRBBhsmiEsion RARBtareH o BRReE (¢ LeRAkhd feaREMBSIAY As in
opportunity, a single reference WD 2009/117671PCT/ US2009/ 037828
the case for original transmissions, this starts in anticipation of the retransmission and
continues until completion of the retransmission.
Reference Signal Timing Alignment

In some embodiments, reference signal transmissions are made for two different
purposes:

a) to allow the network to assess the quality of the uplink channel so that the
network can determine an appropriate adaptive moedulation and encoding for uplink
transmissions;

b) uplink timing alignment, as described previously.

The transmissions are the same in either case, but the network may need them with
differing timing constraints. For example, the network may need the reference signal for
uplink channel quality assessment more frequently than for uplink timing alignment.  In
some embodiments, rather than the UE making these reference signal transmissions for
timing alignment independently of reference signal transmissions for uplink channel
assessment, the UE aligns the timing of these two reference signal transmissions
whenever possible and when the timing is aligned, only a single reference signal
transmission is made.

Specifically, the network assigns the UE reference signal transmission opportunities

for timing alignment and reference signal transmission opportunities for uplink channel

quality assessment. For each reference signal transmission opportunity, a single reference
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signal is transmtted if the current opportunity is aligned with one or
both of the timng alignnment or uplink channel quality assessnent
requirenents. In some enbodi ments, this reference signal behaviour is

predi cated on reference signal transm ssion being enabl ed, for exanple
usi ng any o O 1&8hani sms described in previous enbodiTRERRYYOK 8B hecific
exanpl e of this nmethod fromthe perspective of the UE will be described
with reference to the flowhart of Figure 7. The nmethod begins at block 7-1

with the Feceivi i | i t J ocates reference sign _
transm sssili‘%ﬁ’l ! g%g%@‘%’ﬁﬁ?@ i“gQ%f %Lf'r%ﬁﬂ%ﬁéﬁﬂ'% '% ?‘@ﬁ% ﬁvr‘?@n?nea% %Pglf ‘g#r R UNIOBgnal
transm ssji.on 05€ort n%thes ﬂor @ﬁlink chaﬂnel.gual't assessnﬁgt.rgo . of
the ref erHAQSES Y uRing codng! QUAILY, aspssMeh[SGUEEMEDTS- ﬁ'b?c?rﬂ% eMPeRAITPNES ity ment
may coincide with reference .signal .transnission.o rtunjitjes for uplink
Channel | GHESTY S DERAT SiRgedatisd 4N B SO aPYBiesen belig ppabled
transmtting reference sig al transm ssions for uplink timng alignment in
accor dand® APl HEING iEgK & thenechaisms dBFGEiPRd 10 BrevioNs SHROCIMRNTS-o Acthekte
signal transm ssions for uplink channel quality assessnent in accordance
with the SPERE fithlg. method FopbihgpersresHnet the MU wilkles dercsibed yithireference to
transm ssions for uplink_timng alignnment in accordance with the signalling
and t r andh§ fleweharidfigusnde dhg rﬁ%ﬁth@qg beging akhlesis’- ayithupe Ukreseiding siongliagi t v
assessnent in accordance with the signalling is achieved by transmtting a
si ngl e r dhatrdipeates irgferance rsignahirgsnaissipo roppertunities fon kipliinktimincaslioggmeshendnd
uplink channel quality assessnment for any reference signal transm ssion
oppor t unirefeeence gignap rengmission iegpaituniigssior uplink chaninacquidityhsdessroertr eBarae
signal transm ssion opportunities for uplink channel quality assessnent.
An exanplof thef refdrescansighal drahsmissicneoppertapiies for eiplik tirniagretignmekt may toibeide
described with reference to the flowhart of Figure 8. The nethod begi ns at
bl ock 8- Withi teferehee sigab trensmiasismi dpporigniies farl lipling dhaaheladuatitabesessmbat ence
signal transm ssion opportunities for uplink timng alignnent and reference
si gnal t Mhesmiethedorontingsy bt biotk 652 fwith trahdnmitting veferedce ¥i§hal transmissions for
2009/ 117671PCT/ US2009/ 037828 qual ity assessnent. The nethod conti nues at
bl ock 8- ik timirecglignnight e faeEsraance Waih &he toighafiiys 8h@2s bick 28! traHsnditting Ng
alignment in accordance with the signalling, and at bl ock 8-3 receiving
refer enC@eféf@ﬁé'si%ﬁaﬁﬂ_éﬁénﬁ@bi_@% fdrQlipliHiR | chBknd RAMNG| asd8admédnt iR BESTaTR with
accordance with the signalling. In so doing, receiving reference signa
transm s U i Tl i { 554" 1 ey l'ing
and rec e?wﬁjﬁgnélg'?ger y nlgg iﬁg ng ha?ﬂgs?rgﬁig%@ﬁ%dﬁg for J’%ﬂ?@%s}gﬁgﬁﬁﬁﬁgﬁéwlﬁé
assessnmenfiqd ARES Wi i [ oy d TV SAgl e
refer encgh%r?rg%rgﬁﬁtg E?ansm s\&%ﬂr}h %fgr%!%@ ﬁ%hg It[:aﬁﬁlﬁw Hﬁ?%?%ﬁﬁéé{nkrgg%ﬁlsﬁ%ﬁ?nk
channel | 4 S f i { 1 SSJ .

fot Slllh¥ dranf i% %HQ%S%FP% ﬁ\ n‘g i 8! Wit ihd é@ﬂélﬁﬂgqﬁﬁr 8§h|eved by

opportuniti or "up at col ncl W ererence

o onel SRS, O RIR IS 500 Fackebil, LB Lok ABRRRTER
cont i Butielabl (8. oS4 BB SO BBRR A ) °°

alignment_. .1n.addition, e.signalling information includes information
Mdent 1y HRIFCURG, siafeat By EhER et mraiencn Sional weruas REBogirgn o of
channel qual i assessient and/or a mninmum period for transm ssion of the
ref er encgp@]@épﬂqﬁd}uaﬁly,ﬁ%@ssg]q nment. The UE makes reference signal
transm ssions in accordance with the definition of reference_ signal .
transmi ssi on BPHRARIG ¢ B memedsipm dbe rerPertverehineatyerk Wi Re) deseebed hat
whenever possible a single reference signal is sent for both channel
qual i ty ¥éBdetarenne tnthet flowengrtapfi GigHens. The methad hegips @t filecke§d nyitie the
consider that a basic set of SRS transm ssion opportunities may be defined
wi th a paehwssk Farsmiting senslling that alipetesiclerracmeiona] rensmissip npsoriwnitiesfay be
required every 10 ms while the UE is transmtting; the SRS for tinng
al i gnmenuplngtirping edgnmericansvreferete signalrtrasspéasianveppoftunities Fasruplinie clusiines
transmtting. This information is used by the UE to send a single SRS every
10 ns while the UE is transmtting in
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WO 2009/ 117671PCT/ US2009/ 037828 sati sfaction of both requirenments, and a
single SRS every 30 ns while the UE is not transmtting. In sone
enbodi ments, in order to carry out the above process, the UE 10 conprises a
processor capabl e of perform ng the above process. For sinplicity, the

di fferent fwaochisens7have been broken out into differentpemizbesnsrsihese
nodul es may be i npl enented separately or together. Further, these nodul es
may be inplenented in hardware, software, or sonme conbination. Finally,

t hese nodules may reside in different portions of the UE nenory. As

i |1 ust r at eublitynagsegsment;.t Hbe URethpd colinies ;b itedks®2 withy receiving nefedenae §ignal an
uplink reference signal generation nodule 803, and a transm ssion nodul e
807. The traysmissionsridulging timingalignuest incancondaose witin thef signallingeambaiviiodk 8-Fhese
may for exanple include a nessage or nessages configuring the on and off
peri ods freceiving refeenver sigaaldtransrhisgions rfgr waplink ushareebupably Besessinent in
recei ver, such as the transm ssion opportunities for the uplink reference
si gnal , asgtorganca kithrthatsignallihg. I 30 ings | redeiving wkferddod signeeSatyrhissibns for
transm ssions, including data transm ssions and uplink timng alignnment

si gnal trwﬁmtmn@@%nrﬂmﬁﬁ #aordRAcd ith tBé sijhallin %ﬂ%@@ivh@&@%r@ia@uﬁ htile as
descri bed previously with reference to Figure 3 by way of exanple.

upli nk 1 efaiseiIssiors R alpliie eEAkd| Ocﬁuangdaééés&%ntgmnaé@r@emcuphnmhé %fg?hﬁiﬂﬁe
signal transmssions for transm ssion by the transm ssion nodul e 807 such

that upl i @mprRbaTesngh Itdle lefRBE SGhANaNQRRYION &t BIM LSInRakHifg aﬁﬁnn’?’éﬁ
during data transm ssions. This can occur using any of the methods

descri bedapanbinRichafhid] qaélﬁyggé‘essmem %ggg irrehle 'slghaﬁwr%hﬁs?sq_h%@uﬁgéls ]

communi cati ons systeminc I ng an e ment o UE 10
bl
Shout d naPt PRIt drRierf EREENRGR whitforbhents QRiprarkitosorbontiyiag
nobi | e ph.gﬂiﬂk cﬁ%ep&élgr férﬁ% various forms including a wrel ess
ona

handset , pager 2009/ 117671PCT/ US2009/ 037828
In some embodiments, the network transmits signalling information that contains a

definition of reference signal transmission opportunities to be made available for one or
both of channel quality assessment and timing alignment. In addition, the signalling
information includes information identifying a minimum period for transmission of the
reference signal for channel quality assessment and/or a minimum period for transmission
of the reference signal for timing alignment. The UE makes reference signal transmissions
in accordance with the definition of reference signal transmission opportunities, and subject
to the minimum period(s} such that whenever possible a single reference signal is sent for
both channel quality assessment and timing alignment.

As a specific example, consider that a basic set of SRS transmission opportunities
may be defined with a periodicity of 10 ms; the SRS for channel quality assessment may
be required every 10 ms while the UE is transmitting; the SRS for timing alignment may be
required every 30 ms irrespective of whether the UE is transmitting. This information is

used by the UE to send a single SRS every 10 ms while the UE is transmitting in
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digital assistant (PDA), a portable conputer, a tablet conputer, or a

| apt op conputer. Many suitable devices conbine sonme or all of these
functions. In sonme enbodi ments of the disclosure, the UE 10 is not a
general purpose conputing device like a portable, |aptop or tablet

conput er, WO 200(1KWF1 i s a speci al - pur pose comuni cat i oNRCTHES200903782Ch as a
nobi | e phone, a wirel ess handset, a pager, a PDA, or a tel ecommunications
device installed in a vehicle. In another enbodinent, the UE 10 nay be a
port abl e, I_gpt op or other conputing device. The UE 10 may support

speci al i Z288sfaetiqn, pt betd wgrierasNigadid @ SinaIReRRSr §vary il &S, whilshtheoREr i§1 not
and/ or task managenent functions, and so on. The UE 10 includes a

di spl ay 4GsMitieS.UE 10 al so i ncludes a touch-sensitive surface, a keyboard
or other input keys generally referred as 404 for input by a user. The
keyboard may We senfeylembedimendsic &d oedgphien gamy | @it Kbgbakaove pichsaisthe\VUERTY,
Dvor ak, AZERTY, and sequential types, or a traditional nuneric keypad with
al phabet dostriees aapswessnrechpabtehoh pedoraph@rike labpparotess. | Rpusinkdigity, nthy
include a track wheel, an exit or escape key, a trackball, and other

navi gat i aiffdrenirfuhctioosihanvalbelken yosokanhout lintrediffdreni moduids.y Theps essatbstroapbevi de
further input function. The UE 10 may present options for the user to

sel ect, dopiemEmed sepdratelyusetodetherct Fattioer, dimebeomodules anay e diglenented in

i ndicators for the user to direct. The UE 10 may further accept data
entry fr dardwareussftware,norl soihan gomnbiniatisrs  Fidally, dhes® madlles uiayp@EidBEN efffevettues
for configuring the operation of the UE 10. The UE 10 may further execute

one or nycetickRidr WY BE Gherhbry MBS BlusiRiRbd Wigw,ahémamm&ewmpmra regwends.
These applications may configure the UE 10 to perform various custom zed

functi ongnédulé 86P.AUMSRIR réféRhcé ShRAIGRNERTtion Mtiuld 0B lahd a tdiRmifsicHnade be
programmed and/or configured over-the-air, for exanple froma wrel ess base

station, gyywiTHal @ssivefiRBR S fRbeive cémRRAcatidnslfom thhetwork. These may for

20091117671PCT/ US2009/ 037828 Anong the various applications

execut abl e b I t kSRl 2to

show a me%aﬁ?éifﬂﬁ% éeqﬂa%%Eg e‘n}‘;@ e%éé%%t g?nr@gh@#éﬁ%m%?]e?@%s&ﬁggnf#%i g’;ttﬁ%ns
ith i ; t ) . U .

with a vibEless N RRkAEC R GEEBeE 8] 1HeCEEKeR PR ad ol fandhisaBN

other wireée ESS_ comuni CTa on ne or system net Wor _ _
and the WPPE P e it B 3bral Apd el B TRl pidse ' ™
Lype of CBNRLIEENissions.~ Thess ¢ b, Pl shanamisabaed oty Smcdire 7 doperibgd

Wiile a variety of known conponents of UEs 10 are depicted, in an

embodi e PFOLOUSll, B TERRENGE 10 KNG B HBRKR SXaRMRor 1R8HRING aler ts
not listed may be included in the UE 10. The UE 10 includes a digital

si gnal prasBeEdion madals) BEgengfaies uplinidpiprenss signal kansRpissienRfolEansmigsion by
further include an antenna and front end unit 506, a radio frequency (RF)
transcei V8 mpsMisgienamaryg $Hs ewethhal rurliak Jeferensai $iomal drangnisignspeesive 512,
an ear pi ece speaker 514, a headset port 516, an input/output interface 518,
a r enoval@ntcipgliasy §f ¢ durodaty tiansnegsions. sBHS §an [9geur(UsBR) amo pf treomethadg hor t
range w rel ess communi cation sub-system 524, an alert 526, a keypad 528, a
| i qui d crdgseritleddiasligr.dor ¢xaomle. whi ch may i nclude a touch sensitive surface
530, an LCD controller 532, a charge-coupl ed device (CCD) canera 534, a
caner a cont r oFigere 53 8lustaatds a vwjteddssl copusinicaiions gystgmtiechuditPah esdrsioneri28. | n
an enbodi ment, the UE 10 nmay i nclude another kind of display that does not
provi de ahe QUch0.s€Elm UEVHE scomeablelfor mnplembotiigraspects ofethBSRsddurerayut the
communi cate directly with the menory 504 wi t hout passing through the

i nput / outdEtlosury siduit rotIkESlimited to these implementations. Though illustrated as a mobile

phone, the UE 10 may take various forms including a wireless handset, a pager, a personal
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WO 2009/ 117671PCT/ US2009/ 037828 The DSP 502 or sone ot her form of
controller or central processing unit operates to control the various
conponents of the UE 10 in accordance with enbedded software or firmnare
stored in nenory 504 or stored in nenory contained within the DSP 502
itself. Inwgdidojipia7it 0 the enbedded software or firmapgydshRobibsS02 may
execute other applications stored in the nenory 504 or nmade avail able via
information carrier nedia such as portable data storage nedia |ike the
renmovabl e menory card 520 or via wired or wirel ess network comuni cati ons.

The appl idigital @8sistaht (RDA), okt rdcdputerc anablee doselitepf omaciaptop- copasladl e
instructions that configure the DSP 502 to provide the desired

funct i onaliadysuiRblet dsvica Rohtbiid §é of bnaF tha¥e)fuldiohs.gln kevielenssddinéite of
instructions to be processed by an interpreter or conpiler to indirectly

confi gur ahé BRCBSR5R-UE 10 is n&@?é‘@rﬁ PRFCRBE Sohiplithg 88\icd fketa POEaLIRYaiSD
re

provided to convert between w ess signals and el ectrical signals,

enabl i ng &h‘éblb’ﬁcéﬂf)hfér,s&ﬂdr i& 65 Qp¥Qal sy BRESRRUREHBR §8)iddisaéh Begtawr k
or sonme other available wreless communications network or froma peer UE

10. In an,g4RoghdmRNts uﬁ:@%sém@ggé‘t, @gﬁ‘%{g@aﬁg’}g Stk tteé@?rg%ﬁic%ﬁ&‘s“ﬁ@vi%? o

mul ti pl e antennas to support amfo or multip Input multi

out put ( NLYLJ 4R Er\/@ﬁfg%r‘%n aﬁétaieﬁe B@éﬁﬁ'l.etlg tl‘\%\ﬁﬁq O%HJ lgegg 82@%6%%&6& or P

operations may provide spatl Iversi ch ca 0 overcone

ant enna. SRTVENIRCIRE urB BES Go ey (APRER e BALF ofi S8 se SAingance
RE ¢ r ancdBiUBrY gl 8RBT e 8RR s o PRAL BRIV S0P otei vea RF |
deScri pti ons- PPN dCt PaERe A WPy 4" Tl ARG S A et
odul at | GHIEHEREVERRRE CLoR it B REal leceh o AP LIEPH: Y aoh e
S e pe b oot Shrpssnors ks SLc 89 NERRY BiSla

AZERTY, and sequential types, or a traditional numeric keypad with alphabet letters
associated with a telephone keypad. The input keys may include a track 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 10 may present options for the user to
select, controls for the user to actuate, andfor cursors or other indicators for the user to
direct.

The UE 10 may further accept data entry from the user, including numbers to dial or
various parameter values for configuring the operation of the UE 10. The UE 10 may
further execute one or more software or firmware applications in response to user
commands. These applications may configure the UE 10 to perform various customized
functions in response to user interaction. Additionally, the UE 10 may be programmed
and/or configured over-the-air, for example from a wireless base station, a wireless access

point, or a peer UE 10.
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transform ng (FFT), cyclic prefix appendi ng/renoval, and other signal
processi ng functions. For the purposes of clarity, the description here
separates the description of this signal processing fromthe RF and/or
radi o stage and conceptually allocates that signal processing to the anal og
baseband pr¥@a8W1k7unit 510 and/ or the DSP 502 or ot hefCTEEEIPPABT8H ocessi ng
unit. In sonme enbodi nents, the RF Transceiver 508, portions of the Antenna
and Front End 506, and the anal og baseband processing unit 510 may be

conbi ned in one or rmre, ocessing units cation,specific, .

ot egrat ed ' AT NGBS Sppcatiohs ExecaABe Gy Tha LB 10 atm SebHEPHEFTUNNIENs 10
may provide varijous anal og processing of Jinputs and outputs, for exanple
anal og pr@blesit h@d@f’]ab’ﬁﬁag% S'F?‘%%W%Pfi‘ﬁecr%‘ﬁ%PQQ_ezmé’M@et%“P%‘ﬂgé\ﬂre?Pe and
outputs to the earpiece 514 and the headset 516. To that end, the anal og
baseband gonyRwYGatiags withta wireles Peharie apeaseNodsy a Calh e Ageet UEntD, siiany- i n
m crophone 512 and the earpi ece speaker 514 that_enable the UE 10 to be
used as eotaen wirglessneommiaicatinl befwets ebarrieridfesErngetwerk 4604s payplzdita Ber
include a port for connecting to a headset or other hands-free m crophone
and speakwredcretivoru4CE, isuch aFiike lntemely Viadhe avigigss diok sudtige wired netvoriveihe
provi de digital -to-anal og conversion in one signal direction and

anal og- t dJilil§ihaalecozssie irgdrovation onherioppsarivery, stichrasl a skrverct iCoThel senswAd0
enbodi nents, at |east sonme of the functionality of the anal og baseband
processi myaw picvideldbniteny thet mayobe dhdwb ondheg idisplayp4@it eAkerngtetyp theoWEMGsmaly or
exanpl e by the DSP 502 or by other central processing units. The DSP
502 may pecésy themetudrat400nhdagn dyest UEN0 actihigrey/ aleindinediary, in a relay type or

i nterl eaving/ de-interl eaving, spreadi ng/ de-spreadi ng, inverse fast Fourier
t r ansf or ropayrd bifcbhhééh. Fourier transform ng (FFT), cyclic prefix
appendi ng/ renoval , and other signal processing functions associated wth

wirel ess commppeati108Rows HocRBREHEME 6 thEOUE Y  While a variety of known
2009/ 117671P 2009/ 037828 exanple 1n a code division nultiple access

( CDVA) t%ﬁﬂﬁh@ﬁ& ARIES! ﬁﬁél‘eo&b lcftét! iR ah'eMbodindrftla SubRet bﬂﬂe%&@d@%ﬁp’éﬂé’ntgﬁy
perform nodul ation, coding, i nter eaving, and spreading, and for a receiver

function dc,ml%r'aﬁat.éﬁea o6 P By BashdisteclS 1 uE Toe g 10Rfleso

and denodul ati on er e od| for exanple in an orthogona

IiZﬂSﬁ{‘f%ée@b'ﬁ}%&“QW%%S%@%S%@@#%E@?@%B%Q’ﬁ SLpain RS s (e
| nter | eavi fgse LREHSRa A7 BAUEAE ﬁrs%ES%%gtggg%%%ﬂgggxﬁmnﬁeﬁfe+ %08 _an

appendi ng, or a receiver unc I on t ormcyc

L T b P S TS T i B2 S50 s
pLoEees Thabblckh B et Bla U @é&aﬁ%ﬁé@%@%‘%
1R 5 SRR b PR
O S S e T R AT g

various nenories and |nt erfaces The nenory 504 and the renovabl e nenory
card 520 SkEgCHPiand- Iy eeniraiier o] agharge-ePuplatrdeyised COR caperapd4o i @marde
DSP 502. Anpong the interfaces may be the USB interface 522 and the short
range Wi rc@n%@r &demand & glabghpesititningssystam faP SensgsB38.nirean gewodipmengde be
used to charge the UE 10 and nmay al so enable the UE 10 to function as a
peri pher &IE dlgvmayeinclgd@aomtaﬁgﬁnd of displayitiat dees mohpiswidedntauch semsitiverscogenot her
conput er system The short range w rel ess comuni cati on sub-system 524 nmay
i ncl ude am anreémizodirdentothe, DAP Bi02emeaptchmimuninaten disectlyrwithBIEE rﬁemomlmébwiﬂmwmt
wireless interface, or any other short range w rel ess comuni catl on

passing through the input/foutput interface 518.
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WO 2009/ 117671PCT/ US2009/ 037828 sub-system which may enable the UE 10 to
comuni cate wirelessly with other nearby nobile devices and/or w rel ess
base stations. The input/output interface 518 may further connect the
DSP 502 to the alert 526 that, when triggered, causes the UE 10 to provide

a notice towbheysHsme: for exanple, by ringing, playing peritRhads s
vibrating. The alert 526 nmay serve as a nmechanismfor alerting the user to

any of various events such as an incomng call, a new text nessage, and an
appoi ntment rem nder by silently vibrating, or by playing a specific
pre-assi gned MinedSP 602 cas@ae btheufam ofadohteoller or central pckssinqdnibdBeraegnbes
to the DSP 502 via the interface 518 to provide one nechanismfor the user

to make sgingol inengarioascempbnérs BRtHeOUE tMih atdedarca avith Svibegddd§uitware or he
UE 10. The keyboard 528 nay be a full or reduced al phanuneric keyboard such

as QVERTifmwlardstated ilGieriofy 304 of %Wﬁlnaémérx@@mair@a vAthir tAEIDSBEY itduMaR i C
keypad with al phabet |letters associated with a tel ephone keypad. The i nput

keys may dditiondey and retftleddadehofivitiie S FirWai@S GREEDERY 502 hiRdlalte. oftiRe
ot her navigational or functional keys, which may be inwardly depressed to

brovi de_Tapfifiiiont BRI e irleffory S02biAEdé BRIEbIRANARIMENGTYarE: hBEilsieh 530

whi ch may i nclude touch screen capabl Ity and al so display text and/or

2370 SEsOA i T R M iR M 408 90008 B L0
Dt 1 G R SR TGRS Tob bl SR AT e g
el og e BRSNS FRLEE BRMEE BETRE N ?%@@?ttﬁ%nq%%é@e
Vari ous: dondnaty. 5Bl EIRAPL b e TRk truBen b rliae eiiiogdp be
Fnet | 0N oSl 3L 220, LS SXI S0 GESR! { Ouro ¥ DsP 502
The antenna and front end unit 506 may be provided to convert between wireless
signals and electrical signals, enabling the UE 10 to send and receive information from a
cellular network or some other available wireless communications network or from a peer
UE 10. In an embodiment, the antenna and front end unit 506 may include multipte
antennas to support beam forming and/or muttiple input multiple output (MIMO) operations.
As is known to those skilled in the art, MIMO operations-may provide spatial diversity which
can be used to overcome difficult channel conditions andfor increase channel throughput.
The antenna and front end unit 506 may include antenna tuning andfor impedance
matching components, RF power amplifiers, and/or low noise amplifiers.
The RF transceiver 508 provides frequency shifting, converting received RF signhals to
baseband and converting baseband transmit signals to RF. [n some descriptions a radio
transceiver or RF transceiver may be understood to include other signal processing

functionality such as modulation/demodulation, coding/deceding, interleaving/de-

interleaving, spreading/de-spreading, inverse fast Fourier transforming (IFFT)fast Fourier
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Figure 12 illustrates a software environnent 602 that may be inpl enented by
the DSP 502. The DSP 502 executes operating systemdrivers 604 that provide
a platformfromwhich the rest of the software operates. The operating
systemdrivers 604 provide drivers for the wirel ess device hardware with

st andar di zeWOi2P98ET63kes t hat are accessible to appli catRPCHULPOOIERE. The
operating systemdrivers 604 include application nanagenent services
("AMS") 606 that transfer control between applications running on the UE

10. Also sho in Figure 12 are a web browser application 608, a_nedia

ol ayer - adEiRLAPGHFET b Valkepral APhainaemeYSl o BingE HOBA BYERHeS g SHhccans.on
608 confilguhgs the UE 10 to ogerate_a_s a web browser, allowing a user to
enter i nffo¥ B iRIHPISEE PTG 1R Fesenition here sepeigtescihe; deasriptinn of Bis slenal
pages. The nedi a pl ayer a lpl ication 610 configures the UE 10 to retrieve
and pl ay PAOGRSSNSr fr&GUitm/i'gua?“Wdi"%ﬁ'o T$aos a@l)ﬂg &pprantdaliy 1 allecgtas atesiondl UE
10 to provide ganes, utilities, and other functionality. A congonent 614

m ght pr d¥PeRssNgntet thenanaleg basekanddpiosessing pnié£dRt anfliericthesBSE. 502 or ottmte
UEs 10, ENBs 20, and central control 110 of Figure 1 and other conponents

t hat m gifentsal prosessing wait- win homﬂ@erlmemezthﬂdgF i Ingnsgayern 08, geartions ofthepose
conputer with sufficient processing power, nmenory resources, and network

t hr oughpunteripalent i Erpnt &nd o508, eandnthen apaleg draseband poemgssihaosit Gpdmay be
Figure 13 illustrates a typical, general-purpose conputer system 700 that
may be - sudomdditesl noené op Inere progegsiogeunits aro¥ar appiicatiomespesifidi istebeted cinavitei n.
The conputer system 700 includes a processor 720 (which nmay be referred to
as a cent{A8ICs)r ocessor unit or CPU) that is in communication with nmenory
devi ces including secondary storage 750, read only nmenory (ROM) 740, random
access nenory TheAMalog3thsebamdiploeassing ubit /50D ey poeiie ARPioua BHaI0E Preddssing
connectivity devices 760. The processor nay be i1 nplenented as one or nore
CPU chi paof inpf 3RO DUIELES &FEEIR28RBG LH8Rsing of indle rosr@AdRiciophbAE 399 750
is typically conprised of one or nore disk drives or tape drives and is

used for dignthy PlealiddtS16tRHERPAE t¢l HefeRPRcAS12BNAMAE hbb@Nt $ab2a T3 RECERY,
device if RAM 730 is not |arge enough to hold all working data. Secondary

storage 59 FB¥ ey VHY ihgt i
when such pr ogrgﬁ?%?ﬁ?&e%tggg@f%?%xecuy Y@r‘n’g %rcﬁ%qgg%ﬂagﬁé&trpg tﬁgﬁwf@ﬁgt ore

| nstruct iR/ pRBRe B¢ Bﬁ&%ﬁéjéérﬁig\é@ IsBha1Rr &1 741 é#fég]epge RIEP9H mspg&a;%%g.;bfu ROM

740 is a non-vola e nmenory device which typic has a sma

capaci ty gghat i et Qné@g %agpgﬁq ?%séingﬁgﬁf:iém mayfﬂﬁ'ﬁ@fj%éfuc?é U 3h fof €

RAM 730 i's used to sto perhaps-to store Instructions.

Access t . 7 i L f.aster ondary
ctor age. jopreding®a e BB or e iotvlsTreel B TSl fepl o BBS o ifie .
liquid cr | . displays (LCDs), . h_screen, displays eyboar ds., keypads,
swi't ches YEIoG) bASeRBhE ofarSiRblunit 816 InRe B Giflob analely Bt ST ¥R er
tape readers, .or .other, well-kn i nput .devices. The netwrk connectivity
tov ces Fid5eha PR anpAlBlog et bR s S iuER tpapmts SenAbiitesliStaizome

uni versal serial bus (USB) interface cards, serial interfaces, token rjng
cards, fieﬂi?oaim‘é’?t?’i ﬂd%@g %?ﬂ%ofﬁpgﬁpﬁwaﬁtﬁﬁﬁltﬁe@&?@g%%e NG PEOCESRIRG Uk ea
net wor k NLAN) cards, radio transceiver cards such as code divi sion

mul ti pl e H0BRELS pioviEd by gl BIosessng GameeRantt: fordpampla-Bihe?$R 60388 by Gsm)
radi o transcei ver cards, and ot her well-known network devices. These

net wor k CIEERIrQliArgcessipgyBils.ces may enabl e the processor 720 to

communi cate with an Internet or one or nore intranets. Wth such a network
connection, itihes BBt ePRR atay t patfonhe Meddatiosiienogolaipyht ceding/deending,
information fromthe network, or might output information to the network in
t he cour dJdedgaving/deintariegvingie sprasdingdissenreadiog,minvetss dasipFourBic kransforming
information, which is often represented as a sequence of instructions to be
execut ed (Ir&iTasp FouagrsitansiaoingreiF T e cyadic girefod ap pemdireyreémoualp and exdhedr csigriat

network, for exanple, in the formof a conputer data signal enbodied in a
carrier \wawmssing functions associated with wireless communications. In an embodiment, for
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WO 2009/ 117671PCT/ US2009/ 037828 Such information, which may

i nclude data or instructions to be executed using processor 720 for
exanple, may be received fromand outputted to the network, for exanple, in
the formof a computer data baseband signal or signal enbodied in a carrier
wave. The bweeb®nirssi gnal or signal enbodied in the carprgrarszweveesgener at ed
by the network connectivity 760 devices nay propagate in or on the surface
of electrical conductors, in coaxial cables, in waveguides, in optical
nmedi a, for exanple optical fiber, or in the air or free space. The

i nf or mat | exampistini aecbden divirdorb aseitipla dastegs alCLVIAE itegtuiologyb epiliedtiom fohea
carrier wave nmay be ordered according to different sequences, as may be
desi r abl erdmemitéart foactiqor tree 9P G02r mge neericrmnpodbiatiom coding, | oferleaving, and
transmtting or receiving the information. The baseband signal or signal
enbedded gpreddity, Cand faT a weeeiverofunatidrethd VISR 502 siagnpérfontiu te-gpidadings e- or
hereafter devel oped, referred to herein as the transm ssion nedium may be

gener at ednieieaVitk, "dedoding £ Al adenioiuipigs. Wel Andthe@vembedimeet, sk lekaeplenint &
art. The processor 720 executes instructions, codes, conput er

progr ams, orfrelbidl Sretkichey umswmamp@xfé&éwﬁnpbmm Kecﬁnb@g?yapéllédﬁonoﬁirltﬁ@'
|

di sk (these various di sk-based systems may all be considered secondary

storage 7phsmitRAHIncAon tHRADSF 802 nftly g ‘h’ﬁd@@[dﬁoﬁ QORI |nvérrexéviﬂgvmoé?§e £

Wil e only one processor 720 |s shovvn mul ti pl e processors nay be present.

Thus, Whi gy bPR&AUSHIAS o i SHﬁe?Eﬂ]gaén&&ﬁ%%Qw@ryfuﬁcthQ%W 503 he

i nstructions may Xecut e S|nu t aneously, serially, or otherw se
e v B R BB e O
he = AT s TR, SRR G SLOE BB,
T A o B SO g M oo

502.

The DSP 502 may communicate with a wireless network via the analog baseband
processing unit 510. 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 e-mail or text messages. The input/output interface 518 interconnects the DSP
502 and various memories and interfaces. The memory 504 and the removable memory
card 520 may provide software and data to configure the operation of the DSP 502
Among the interfaces may be the USB interface 522 and the short range wireless
communication sub-system 524. The USB interface 522 may be used o charge the UE 10
and may also enable the UE 10 to function as a peripheral device to exchange information
with a personal computer or other computer system. The short range wireless
communication sub-system 524 may include an infrared port, a Biuetooth interface, an

IEEE 802.11 compliant wireless interface, or any other short range wireless communication
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intention is not to be limted to the details given herein. For exanple,
the various el enents or conponents nay be conbined or integrated in another
systemor certain features nay be omtted, or not inplenented.

Al so, techni ques, systens, subsystens and nethods described and illustrated
in the variWG30BAHEH nents as discrete or separate may BE/EEM803EE or

I ntegrated with other systens, nodules, techniques, or nethods w thout
departing fromthe scope of the present disclosure. Qther itens shown or

di scussed as coupl ed or directly coupl or conmuni catjng wi.th each other
my be. | RIPrUGET, ESHMaY e i DEC MY 0 GOPRREUGH SaRESINI SBe! Pedty ce,
or internediate conponent, whether electrically, mechanically, or
ot her wi sdNORAEIFEVICES SRYPRWIrEIesE Ragiiationsubsti tuti ons, and alterations are
ascertai nable_by one skilled in the art and could be nade w t hout departing
fromthe spirilhedeRptoptRyE interiaqecatd mayrfarther capget the RER; 9h2dto; the ajert 826
met hod in a user equi pment (UE), the nmethod conpri sing: operating
t he user tegfuwpaeAtiogsseth Fagpet divt VRutlio peidet # oAt ec\fr r for exampleDRX
control causing a receiver to nonitor downlink transm ssions during on
peri ods; ringing, playgna megledw i ergvirating.f okheuplertn®26 mayssarssiasna mechasisit farng
an uplink scheduling request in response to receiving the data w thout
wai ti ng falgrting thexuses o poy iobearious events such as an incoming call, a new text message,
and an appointment reminder by silently vibrating, or by playing a specific pre-assigned
melody for a particular caller.
The keypad 528 couples to the DSP 502 via the interface 518 to provide one
. mechanism for the user to make selections, enter information, and otherwise provide input
to the UE 10. The keyboard 528 may be a full or reduced alphanumeric keyboard such as
QWERTY, Dvorak, AZERTY and sequential types, or a traditional numeric keypad with
alphabet letters associated with a telephone keypad. The input keys may include a track
wheel, an exit or escape key, a trackball, and other navigational or functional keys, which
may be' inwardly depressed to provide further input function. Another input mechanism
may be the LCD 530, which may include touch screen capability and also display text
and/or graphics to the user. The LCD controller 532 couples the DSP 502 to the LCD 530.
The CCD camera 534, if equipped, enables the UE 10 to take digital pictures. The DSP
502 communicates with the CCD camera 534 via the camera controller 536. In another
embodiment, a camera operating according to a technology other than Charge Coupled
Device cameras may be employed. The GPS sensor 538 is coupled to the DSP 502 to
decode global positioning system signals, thereby enabling the UE 10 to determine its

position. Various other peripherals may also be included to provide additional functions,

e.g., radio and television reception.
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transmtting sounding reference signal (SRS) transm ssions responsive to
transmtting the uplink scheduling request. 2. The nethod of claim1l

wherein the SRS transm ssions are transmtted using a defined set of SRS
transm ssion opportunities. 3. The nethod of claim2, wherein the defined

set of SRS Wwpapsai®ss on opportunities are defined by sipgfialshdadiod7gdsor mati on
received by the UE. 4. The nethod of claim 2, wherein the defined set of
SRS transni ssion opportunities repeat periodically.

Figure 12 illustrates a software environment 602 that may be implemented by the
DSP 502. The DSP 502 executes operating system drivers 604 that provide a platform
from which the rest of the software operates. The operating system drivers 604 provide
drivers for the wireless device hardware with standardized interfaces that are accessible to
application software. The operating system drivers 604 include application management
services {"AMS”) 606 that transfer control between applications running on the UE 10. Also
shown in Figure 12 are a web browser application 608, a media player application 610, and
Java appiets ©612. The web browser application 608 configures the UE 10 to operate as a
web browser, allowing a user to enter information into forms and select links to retrieve and
view web pages. The media player application 610 configures the UE 10 to retrieve and
play audio or audiovisual media. The Java applets 612 configure the UE 10 to provide
games, utilities, and other functionality. A component 614 might provide functionality
related to the present disclosure.

The UEs 10, ENBs 20, and central control 110 of Figure 1 and other components
that might be associated with the cells 102 may include any general-purpose computer with
sufficient processing power, memory resources, and network throughput capability to
handle the necessary workload placed upon it. Figure 13 illustrates a typical, general-
purpose computer system 700 that may be suitable for implementing one or more
embodiments disclosed herein. The computer system 700 includes a processor 720
{which may be referred to as a central processor unit or CPU) that is in communication with
memory devices including secondary storage 750, read only memory (ROM) 740, random
access memory (RAM) 730, input/output (I/O) devices 700, and network connectivity

devices 760. The processor may be implemented-as one or more CPU chips.
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5. The nmethod of claim 1, wherein the DRX control is configured in
accordance with a configured DRX cycle that includes on and off periods of
the DRX cycle. 6. The nethod of claim5, wherein the uplink scheduling
request is transmtted even if the DRX cycle is in an off period. 7. The
met hod of cWa2M176flur t her conpri si ng: responsi VRCTYUS2009437826 t t i ng
the uplink scheduling request, causing the DRX control to activate the
receiver.

The secondary storage 750 is typically comprised of one or more disk drives or tape
drives and is used for non-volatile storage of data and as an over-flow data storage device
if RAM 730 is not large enough to hold all working data. Secondary storage 750 may be
used to store programs which are loaded into RAM 730 when such programs are selected
for execution. The ROM 740 is used to store instructions and perhaps data which are read
during program execution. ROM 740 is a non-volatile memory device which typically has a
small memory capacity relative to the larger memory capacity of secondary storage. The
RAM 730 is used to store volatile data and perhaps to store instructions. Access to both
ROM 740 and RAM 730 is typically faster than to secondary storage 750.

IO devices 700 may include printers, video monitors, liquid crystal dispiays
(LCDs), touch screen displays, keyboards, keypads, switches, dials, mice, track balls, voice
recognizers, card readers, paper tape readers, or other well-known input devices.
The network connectivity devices 760 may take the form of modems, modem banks,
Ethernet cards, universal serial bus (USB) interface cards, serial interfaces, token ring
cards, fiber distributed data interface (FDDI) cards, wireless local area network (WLAN)
cards, radio transceiver cards such as code division multiple access (CDMA) and/or global
system for mobile communications (GSM) radio transceiver cards, and other well-known
network devices. These network connectivity 760 devices may enable the processor 720
to communicate with an Internet or one or more intranets. With such a network connection,
it is contemplated that the processor 720 might receive information from the network, or
might output information to the network in the course of performing the above-described
method steps. Such information, which is often represented as a sequence of instructions
to be executed using processor 720, may be received from and outputted to the network,

for example, in the form of a computer data signal embodied in a carrier wave.
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8. The method of claim1l, further conprising starting an inactivity tinmer
upon reception of an uplink grant. 9. The method of claim8, wherein said
transmtting SRS transm ssions continues until the inactivity tinmer
expires. 10. The nethod of claim11l, wherein transmtting the uplink

schedul i ng w849uBAI7stNC! udes using a schedul i ng request pehaRBAd0I7ERNTI fi ed
in signaling infornmation received by the UE. 11. The nethod of claim 10,

wherein the uplink scheduling request is transnmtted at a next avail able
opportunity of the assigned scheduling request channel that occurs after
recei ving the dauchfiaforrption)kvHichamagiissidendata 2r ifstustonseigube exedutdd ing

conprising: a receiver; a processor configured to operate the user

equi pmentprosdseer @26 cf@rnrexémpres niizBC BOtreasivédRSn epdt sudputtednd BREXnestvark, ofor
causing the receiver to nonitor downlink transm ssions during on periods;

and exampld, I fofrR lof @0sHmElikéredhts Babstmdignal BP Signalesebodiettindatarrieer
uplink transm ssion, an uplink scheduling request in response to receiving

wgngﬁ: ?t\){&n\fehovhe WasbbdHd §|§ﬁalaorn§§ﬁal%tf&féd)ﬁ1 fedearfi&s RARS igéReraed by the
g the uplink scheduling request, to transmt sounding reference
signal  (SRRVork" BEHHELSR/OM50 devices may propagate in or on the surface of electrical
conductors, in coaxial cables, in waveguides, in optical media, for example optical fiber, or
in the air or free space. The information contained in the baseband signal or signal
embedded in the carrier wave may be ordered according to different sequences, as may be
desirable for either processing or generating the information or transmitting or receiving the
information. The baseband signal or signal embedded in the carrier wave, or other types of
signals currently used or hereafter developed, referred to herein as the fransmission
medium, may be generated according to several methods well known to one skilled in the
art.

The processor 720 executes instructions, codes, computer programs, scripts
which it accesses from hard disk, floppy disk, optical disk (these various disk-based
systems may all be considered secondary storage 750), ROM 740, RAM 730, or the
network connectivity devices 760. While only one processor 720 is shown, multiple
processors may be present. Thus, while instructions may be discussed as executed by a
processor, the instructions may be executed simultaneously, serially, or otherwise
executed by one or multiple processors.

While several embodiments have been provided in the present disclosure, it
should be understood that the disclosed systems and methods may be embodied in many

other specific forms without departing from the spirit or scope of the present disclosure.

The present examples are to be considered as illustrative and not restrictive, and the
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13. The user equi pnent of claim 12 wherein the transmtter transmts the
SRS transm ssions using a defined set of SRS transm ssion opportunities.
14. The user equi pnent of claim 13, wherein the defined set of SRS

transm ssi on,o&]port unities are defined by signaling information received by
the UE. 15.WYRWIUYET! equi prent of claim 13, wherein t hfJEHMHY8B: of SRS
transm ssion opportunities repeat periodically.

intention is not to be limited to the details given herein. For example, the various slements
or components may be combined or integrated in another system or certain features may
be omitted, or not implemented.

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 directty 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 ih the art and could be made without departing from the spirit and scope

disclosed herein.
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16. The user equipment of claim12, wherein the DRX control is con _
I n accordance aﬁth a configured DRX cycle that includes on and off periods
of the DRX cycle. 17. The user equipnent of claim 16, wherein the
transmitter transmts the uplink scheduling request even if the DRX cycle

Is in an | i8: The user equiprment of claim12, further
conpri si n?hap%réla%regi'gbnsi ve to transmtting the uplink scheduling

[ [ trol to
request, the processor is further configured to cause the DRX con
ac?i vate the receiver. 19. The user equi pnent of claim 12, wherein the

processor 4s T Uk hdfHodGRalUsBHESfbrhéhe (UE), the method comprising:

operating the user equipment using discontinuous reception (DRX) control, the
DRX control causing a receiver to monitor downlink transmissions during on periods;

upon receiving data for uplink transmission, transmitting an uplink scheduling
request _in response to receiving the data without waiting for a next on period;

transmitting sounding reference signal (SRS) transmissions responsive to

transmitting the uplink scheduling request.

2 The method of claim 1 wherein the SRS transmissions are transmitted using a
defined set of SRS transmission opportunities.
3. The method of claim 2, wherein the defined set of SRS transmission opportunities

are defined by signaling information received by the UE.

4. The method of claim 2, wherein the defined set of SRS transmission opportunities

repeat periodically.

5. The method of claim 1, wherein the DRX control is configured in accordance with

a configured DRX cycle that includes on and off periods of the DRX cycle.

6. The method of claim 5, wherein the uplink scheduling request is transmitted even

if the DRX cycle is in an off period.

7. The method of claim 1, further comprising:
responsive to transmitting the uplink scheduling request, causing the DRX control

to activate the receijver.
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start an inactivity timer upon reception of an uplink grant. 20. The user
equi prent of claim 19, wherein the transmtter continues transmtting said
transmtting SRS transmissions until the inactivity timer expires. 21. The
user equipment of claim12, wherein transmtting the uplink scheduling
request includes using a scheduling request channel identified in signaling
I nformati on received by the UE. 22. The user equi pnent of claim 21,
wherein the transmtter transmts the uplink scheduling request at a next

avai | abl e goppor{ Ui Lo QEII‘R‘SPI Ptﬁgr %ﬁmﬁﬁg equeshla%pvatnntemer upon

e
occurs after recei pt o ?he“at a £d%
reception of an uplink grant.

9. The method of claim 8, wherein said transmitting SRS transmissions continues

until the inactivity timer expires.

10.  The method of claim 1, wherein transmitting the uplink scheduling request
includes using a scheduling request channe! identified in signaling information received

by the UE.

11. The method of claim 10, wherein the uplink scheduling request is transmitted at a
next available opportunity of the assigned scheduling request channel that occurs after

receiving the data for uplink transmission.

12, A user equipment (UE) comprising:

a receiver,;

a processor configured to operate the user equipment using discontinuous
reception (DRX) control, the DRX control causing the receiver to monitor downlink
transmissions during on periods; and

a transmitter configured to transmit, upon receiving data for uplink transmission,
an uplink scheduling request in response to receiving the data withoqt waiting for a next
on period and, responsive to transmitting the uplink scheduling request, to transmit

sounding reference signal (SRS) transmissions.

13. The user equipment of claim 12 wherein the transmitter transmits the SRS

transmissions using a defined set of SRS transmission opportunities.
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23. A non-transitory conputer-readabl e medi um having conputer execu_tablet
instructions stored thereon for inplenenting a nethod in a user equi pnen

i sing: i i pment usi ng
UE), the nethod conprising: operating the user equij (
éiséontinuous reception (DRX) control, the DRX control causing a receiver
to nonitor downlink transm ssions during on periods; upon recei vi ng

data for- uplink transm ssion, transmtting an uplink scheduling request in

t o4r ecThe iusgr sqBprAiditaofMAIdiROYS, Wbl e fRhindy R8XLe 8RsPEN I od: .
{re:lﬁgnm'steti ngr ggunziungr rdie?mper ence silgnal' %@éﬁ%?q??ao%s% ss?oﬂsgggstﬁiﬁéﬂ's&?é’“t 0

transm tti ogpdriveitiyp biddefined BEYighAh iMBHESon reciived HYGng PEPUL €r - T eadabl e
oft

i i i itted using a
medi um of cl aim 23 wherein the SRS transn1$S|ons a sm
defined set of SRS transm ssion opportunities. 25. The conputer-readable
nmedi um of claim 24, wherein the defined set of SRS transm ssi on

it i i i I i i he UE. 26.
ti®s arie dedr rRdht df Gl 119 8 I @A L& vedoby the. U
‘?’Egoggﬁght er-readabl e medi um of claim 2‘)\’3 rwhgﬁél nﬁ?%qg %e?f?ﬁég tEOsMissionRs
transm ssiappoatppifiéd kepkat R¥iodieRRAt periodically. |

16.  The user equipment of claim 12, wherein the DRX controt is configured in
accordance with é configured DRX cycle that includes on and off periods of the DRX

cycle.

17. The user equipment of claim 16, wherein the transmitter transmits the uplink

scheduling request even if the DRX cycle is in an off period.

18.  The user equipment of claim 12, further comprising:
responsive to fransmitting the uplink scheduling request, the processor is further

configured to cause the DRX control to activate the receiver,

19. The user equipment of claim 12, wherein the processor is further configured to

start an inactivity timer upon reception of an uplink grant.

20. The user equipment of claim 19, wherein the transmitier continues transmitting

said transmitting SRS transmissions until the inactivity timer expires.

21.  The user equipment of claim 12, wherein transmitting the uplink scheduling
request includes using a scheduling request channel identified in signaling information

received by the UE.
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27. The conmputer-readabl e medi um of claim 23, wherein the DRX control is
configured in accordance with a configured DRX cycle that includes on and
of f periods of the DRX cycle aid. 28. The conput er-readabl e nmedi um of
claim 23, further conpri sing: responsive to transmtting the uplink
schedul i ng request, causing the DRX control to activate the receiver. 29.
The conput er-readabl e medi um of claim 23, further conprising starting an
inactivity tinmer upon reception of an uplink grant and wherein said

t tt S t | fyU | L
e ros. 288, STRe RS EP AL SN S b A e
transmtt E&%dhm‘?g PbQ;Iubg'tkat a next available opportunity of the assigned scheduling request

channel that occurs after receipt of the data for uplink transmission.

23. A non-transitory computer-readable medium having computer executable
instructions stored thereon for implementing a method in a user equipment (UE), the
method comprising:

operating the user equipment using discontinuous reception (DRX) control, the
DRX control causing a receiver to monitor downlink transmissions during on periods;

upon receiving data for uplink transmission, tfansmitting an uplink scheduling
request in response to receiving the data without waiting for a next on period;

transmitting sounding reference signal (SRS) transmissions responsive to

transmitting the uplink scheduling request.

24, The computer-readable medium of claim 23 wherein the SRS transmissions are

transmitted using a defined set of SRS transmission opporiunities.

25. The computer-readable medium of claim 24, wherein the defined set of SRS

transmission opportunities are defined by signaling information received by the UE.

26.  The computer-readable medium of claim 24, wherein the defined set of SRS

transmission opportunities repeat periodically.

27. The computer-readable medium of claim 23, wherein the DRX control is
configured in accordance with a configured DRX cycle that includes on and off periods of

the DRX cycle aid.
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schedul i ng request includes using a scheduling request channel identified
in signaling information received by the UE and wherein the uplink
scheduling request is transntted at a next available opportunity of the
assi gned schedul i ng request channel that occurs after receiving the data
for uplink transm ssion.

28.  The computer-readable medium of claim 23, further comprising:
responsive to transmitting the uplink scheduling request, causing the DRX control

to activate the receiver.

29. The computer-readable medium of claim 23, further comprising starting an
inactivity timer upon reception of an uplink grant and wherein said transmitting SRS

transmissions continues until the inactivity timer expires.

30. The computer-readable medium of claim 23, wherein transmitting the uplink
scheduling request includes using a scheduling request channel identified in signaling
information feceived by the UE and wherein the uplink scheduling request is transmitted
at a next available opportunity of the assigned scheduling request channel that. occurs

after receiving the data for uplink transmission.
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