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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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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
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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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disclosureet hod of uplink reference signal transni ssion;

Figure 6 is a timng diagram showi ng an exanpl e of
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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
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represents a coverage area for providing cellular services 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 1024, 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



102 may be included in the cellular network 100. One
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compBAEHIE ickfIrBindsthedelise cel lul ar network 100. For
exanpl e, the UE may include devices such as a cellular
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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, 20140, collectively slots 201) is made up of



using the cellular network 100. The format of an
exanpl e of an uplink channel is shown schematically in
wo-e@aner6dt . The transm ssion can be one of a neeES2009/037828

di fferent bandwi dths (e.g., 1.25, 5, 15, or 20 MHz).
In the time domain, the uplink is broken into franes,
sub-frames and slots. Each slot 201 (shown as slots
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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
20149. 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.
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the network access equi pnent 20 and the UE 10 i s shown
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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 reception 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.
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in a repeating fashion. The network is aware of the

DRX behavi or and makes its transm ssion to the UE

dDRXp Pemnented Muake will erapéigliicaibycthgaistivotly Part ofitheAtonfiguration

On period followed by an Of period is a DRX cycl e. DRX

is theips!btWBﬁﬁfeeﬁRﬁ@égﬂzlé!Vidr{ DBfateAN indtuliBAtilerd BRd MARQ timer. During the

H

art of the configuration is the setting of the
On pefiisribEhfer T THeaNER T on R3Sk At & ity sPBElnc Bine on Duration)
n each .hayin ngt h ecified the On ration
the U Bionidr e BRR T (ke PBRR oL St of Coptibri Tebeurce for the
channel) or configured resource for the allocation of
allocatign spfopesdignfewriMinand pirlink rangmigsiens.oNdrenngeRDELCH is decoded
PDCCH i s decoded successfully, an inactivity tinmer
succesisfully ban gtemtividtimat wilhize stadtedf At Hee &nd pétheon pemiedUthe UE may go
may go back to sleep according to the DRX

back @ogléégacedrdmig: to tTha DR ssnfgurafiot)pl i nk Ref erence Si gnal
in Anticipation of Uplink Transm ssion In sone

Transﬁﬂ%%%ﬂ%ﬂ%ilinﬁ(rﬁefé‘;e \ IS{dH(}fI if mﬁ?ﬁ)étiﬂg tof‘ i?jtd'li?1‘||zfl(STransmission

rererence gnal unt i etermnes t

LB o PR D 8 YA P s
oo S R PP e SR e AP, o U

and during the uplink transm ssion. The UE then stops
transmrt&mwplun%ﬁr@f%e@cm@lgnakIrr antieatoe &fitgaalpliak tr@nsmission, for example
conpl etion of the uplink transm ssion. A flowhart of
slightly e=foret the dstamt bf tHeeupl ek drarsedssion hancetenrenthe tminkitcamsenission. The
5 . The nethod begins with controlling a receiver in

UE théIe st treRYmaBGLtheOubimke refardpRel SidhapBtePidoniétid?ddf the uplink
at block 5-1 . l\%te thgt t hese on a%d of f periods may P

transr%p%"siotnheA“EPo?/&cr%W &f tﬁg REhbaHif bELc{efngibécf‘ﬁ/itH[h%faﬁr%% toFigure 5. The

eriodi c 1n sone enpbodi ments, nor e gener
nqegd not .&e : o : :
method begins with controlling a receiver in the user equipment to have on periods and off

periods at block 5-1. Note that these on and off periods may for the most part be periodic
or for the most part periodic in some embodiments, but more generally they need not be
necessarily periodic. The method continues in block 5-2 with starting uplink reference
signal transmission in anticipation of transmitting uplink data. The method continues at
block 5-3 with the user equipment transmitting uplink data after having started uplink
reference signal transmission. 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.



necessarily periodic. The nmethod continues in block
5-2 with starting uplink reference signal transm ssion
WO pooantieti pati on of transmtting uplink data. A¢EUS2009/037828

met hod continues at block 5-3 with the user equi pnent
transmtting uplink data after having started uplink

reference signal transm ssion. At bl ock 5-4, the user

In anettier pribddiment, ibfaoks 3+|5-B16-4 efergacatedignaluser equipment that is not

transm ssion until conpletion of transm ssion of the

operaRb iM B RIeHRde TR WHEFPESH®BIBEK 811 EArdBE Bntt@$sumes t hat
the uplink reference signal transm ssion in

I
SR ELEIARaT o AR SRRy e cxampe
all ofe gﬁggﬁé%t eﬁatth@tssfcpllg:tw,ogéq a&qfé'{&%rpﬁ %)ége{gﬁo%ge bﬁs to be SRS

case block 5-1 can be omitted Referring now to Fi ure

transmgissionss b s toi ke enRaerstaed et athef thesexarpelgs qiven Ina\@ application more
exanple and all of the exanples that follow the

genenady ¢o eéefecermiegsighsalsar keigass onswotheetiBRE Ot sasoisssignals. for a UE in
It is to be understood that all of the exanples given

DRX hayde. apphowatis ODRXO tigirge 1880afdrya tDRKXeEgdle ressigringstél siming 810 for
Figure 6 shows the timng of various signals for a UE

availdoflitPBi dBRfor tRIHIWMIsdisn, [ﬁﬁirfg' @?%raﬂkﬂm&odat? tr?%rrﬁ%é?bﬁ a scheduling

assi gnnent, timng 810 aval | Ity o

requegf g@ﬁrg%'ﬁfdl@%eg tdéu Xl a?%ﬁﬁ?g ter IgI Q?lcg?écfagggﬁs @é?&%( timing 800
consitfe of SR ICE Bo eatarcHAgs m%%‘%pﬁ%@m BdFgRd st 804) and a

i ndi cated at 804) and a DRX O f Duration. The
DRX p#dauraéieni Jhel rta@elnalt sl 3temataky dumeds et faoPrpeeiiedshaving the DRX On
having the DRX On Duration and off for Of periods
Durathvavandoff fer OR)e@bdls Baviag ithe DRI ©fSRGration nGh&8 3R amiran820 has an
SRS period 822. This represents the tining of an

SRS pl@rliéd?BZZ.eﬁ'ﬂWr@Bbéé&ﬂs the Mgl FdreudIPk reESurce that is available for SRS
transm ssi on re generally, the UE nmaintains a

transrﬂfs@ U inAGreO (%?r?é}a Ghb At ‘?néﬁlt% Lq%lflhﬁ%nrcﬁfeﬁ{ 5Mikble set of uplink

gnal trans SSI opportum
nf.or nati on gef ni ng these tr.ans

refere&ﬁsosr'sarﬁ'lrﬁr@gn'?»zdoeoq&pgrtH@ & o Shrt e Rt iR togation defining

transmtted to the UE
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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by the network. In the illustrated exanple, the uplink
resource is a periodic resource but in other
wepdodimsent s, the resource is not necessarily Per/UsSmoL037828

In the illustrated exanple, there is a ratio of 12 SRS

periods to one DRX cycle 802 but this is

i npl enmentati on specific. As described below, an SRS is
respespbdf theadata avaiihblt ae8¢2y Inpgond enidodiméhis, ki shegiuBdd request is an

of the availability of data to be sent on the uplink

indicaiBM et ISP ILE 1 thdheabgsaMieRtioRaicR rédUdsY &8 pké\/léhél’;“fd‘sﬂgned uplink
for transm ssion. For the purpose of this exanple

resou c?e ﬂ'?a?%? Eg‘gbnﬁ%te?slét?nﬁwr?'nleﬂmee rﬂé rﬁ&gn% Mat the s?me resource is

ransm SSTon on e SpeciTi C eXxa

assighthaah (il ﬁ@éﬂé?@gﬁé‘%ﬁﬁ% T o WP /358 Besfimment do not

i nrespect of the data_avail able at 812. In sone

need dathsdpigpates, eachs dmedulTinggtimiguekthe sesinondPlindt fale transmission is
sent by the UE to the base station to request a

indicgbeaat 848 y hesgpliketdangmhissiknmegy forcexaniele atayr being a semi-persistent
sem -persistent in nature; this neans that the sane

resouf@&S OISR Sn&@ 3y, Ofe dtheasan pleeoft Rigukd=6; eREIESRS beéttaviour can be in
resource so that details of the assignnent do not need

respengnibﬁrygEﬂﬁJ #an&ARBIch s mTaR)ean/bl%rlHar%Fmg?sg%i. ﬁgjh\gté 88mi-persistent

_ ata transmssion is’indicated at _
resoull 1o ?gbé@&%ﬁk?8“98@33%@59@@%@%%2%Zﬁ@ﬁ%‘:g"fev?%%gﬁeies-
- Kcea fusbiotegh xaippien kata Siries aLBba or NS THEYOR ADAe plink between
transm ssi ons using a sem -persistent resource, or

DRX @mBurationsy Rethed thasuweitagsunti $1e aext Onnwrtianftewransmit the SR at
exanples. In the illustrated exanple, data arrives at

832, 82 Uboiis tatlawedi tesiramsmib when tpracelvesetisteefor BRXOgBNssion.  In some
Durations. Rather than waiting until the next On

emboBhéits Othd QUIET fa8sthits tthe SR @hofe3 genkhdlyUihd VR Heam@ﬁs an uplink

to transmt when it receives data for transmssion. In

transré%%@apaﬁé%@trige L%Elgr égﬁgsfec}d'egpjﬂ%&ﬁ(rﬁ{?ﬁaﬁgmbggﬁ Cassigned scheduling
requesE ERHHER LA il e BIRnR PRt B ARRL e staghof receipt of

next avai I abl e opportunity after the start of receipt
data fgr uplink transmission. In some”embodiments, in the event DRX control has the

receiver off when the SR is transmitted, the UE will turn on its receiver in order to receive
an uplink grant. The request may for example be sent using an uplink resource previously
assigned for that purpose; it may be a dedicated resource for a given UE or a contention-
based resource to name a few examples. This may reduce average UL latencies and
problems with channel congestion during On Durations Cycles that may occur when the
UE is restricted to transmitting during DRX On Cycle Durations. 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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data for uplink transm ssion. In sonme enbodi nents, in
the event DRX control has the receiver off when the SR
w0 govngmesm tted, the UE will turn on its receiREr/UBIN09/037828

order to receive an uplink grant. The request may for

exanpl e be sent using an uplink resource previously

assigned for that purpose; it may be a dedi cated
embotiisents cihef matwarky trapsmite siynaflingotot ttetl) B b asefigurestheruser equipment

to nanme a few exanples. This may reduce average UL

to be |a%'le?ft9tr§ﬁsrﬁﬁ%é’?%%oﬁ"ﬂhb%ﬁhhﬂﬁ%swﬁ%%é&!ﬁcéj BhHAS transmit the
Durations Cycles that may occur when the UE is

upllnlg‘jaﬁét r'iréérﬁe%tlf/é’ of ﬂ%ﬂc?rﬁ%@& 8%%&%‘65‘5%9 r%%c%egfﬁi Sthe{ ﬁm bodiments, the

nPgs o e request

. upl i transm,ssi on reso

UE is i B aieian s ofar st e et e Vit S g B pfbheaptwork
irrespective of the on and off periods of th
r B8 Frapsmisgioggsddgansad rﬂ%ﬁﬂBC'p@‘l'fé" ﬂfe%t@rt'@rtsffaﬁﬁﬁ‘ 825. Specifically,
signalling to the UE to configure the user equi pnent

as shownbS&Rfbtransmigsiameadurs tdver aeprrext 824 whidte enpdipisses the timing of
transm ssion resource and to transnmit the uplink data

the uplirkedaectransmtionh82en Aftet ddth MeEveods bef sérteby the UE, the SRS is
receiver. In other enbodinments, the UE is able to

transr?ﬁfé@ve TRet BRS MRIH RS is¥bh h%ﬁsrﬁéﬁﬂré' HQtaS't%Hlé% starts and is

romthe network. SRS transm ssion 1s triggered

discorgtrﬁ ogﬁérj %%Sa’%t?q%sabéé Qr?g'ﬂglziﬁ 6‘? \?/rglsorir%eérh%gg@@%ﬁs this involves

whi ch C asses the timng of th lin

continting: Splide FRRT&5E, SiaRgleianBpEsOp gl (a5 kPE (b8 Avaigblerget of uplink
UE, the SRS is transmtted. The SRS transni ssi on

referesica reignad dfaoseisfigra oppantigmiiess thah osear ddringhdplink data transmission and
di sconti nued after the data has been transmitted. In

then discantieningdieferanses sighaktramsnoksien asaowmuion theugtamle of Figure 6.
reference signal transm ssion until a last of the

aypsbmel smpedinfints! Paftetkrarhassbs &f roBR (shbﬁ%ﬁ%@ﬁ the network
opportunities that occur during uplink data

respohB& QK a°m°'!u Q%r{t] B, ﬂb@ﬁﬁrﬂéb@&&m h'éﬂﬁ?lr EUE}’? a§itgé‘¢1[?CCH (packet

ransm SSI gure
sote T B P, B B ot Forte
refere%cg %er]tlsleﬁlreqq? ntIrlq %lomcehgr%ggcl:hmesnl’ﬂg hanalsnatc:n\%tyﬁ?rrc]:gﬁs( l?sedkt%t 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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data control channel) described in TS 36.21 1 (see
section 6) hereby incorporated by reference inits
we@nivnetsyl | n sone enbodi nents, an inactivity PCTES2009037828

used to control when to discontinue SRS transm ssion.

For exanple, receipt of the uplink grant may be used

as a trigger to start an inactivity tiner. The SRS

transmissivsnogsorumnities a8 slesaribeduedvailislr The latestcdfi thieby opportunities that

timer expires. SRS Transm ssion at C osest SRS

occurd " Bt PhAn PP WAk trésdiircb h gkt MK tRefHee Witkid Mhich the SRS
Resource Request In sone enbodi nents, the UE starts

transrﬂ}r%léio?\gstﬁﬁ? tfﬁé‘%ﬁﬁﬂllé’%ﬁs . ur%ah§ iIﬁJsﬂ%ﬁ%t Bhé%RS It can be seen that SRS

nsm ssion opportunity i he "upli or e maki ng

rans S IPLOTRAIERY Hap it M Ear S HBRBIFS ePRELrgY thal‘ocours prior o

avai |l abl e SRSt ransni ssi on opportunities as descri bed
transrpitidng hiesPip.at BRE. | at est of these opportunities that
occurs prior to making an uplink resource request is
t mesame anbbddiments, ¢is biebaBRGr isrinmespast ioh anatpdink sesaliiee request for
exanple of Figure 6 illustrates this. It can be seen

a serhifgdrsiSRbt treedFroe SHiO MmaBPRPrdamgly iddiivé sisingetheadigdle described SR
SRS transm ssi on opportunity that occurs prior to

mech%éﬁﬁﬁﬂi‘ht §6e dhiBodifctts 8ds bbRaviBNE ise'iﬁ)qgw ah Niglink resource

t S
aviour 1s 1n respect of an uplink resource ffeque t

f . sem_-persi st r : [ f I
requesh el 158 DerBTTeElgh oL R oo BRI LR R (Br example the

ome enbodi nents, thjs behaviour is_ in respe of an .
RACH, oM 5050 HABRRA ST OL At ST d2SGTbgs it T oedb@liinpes section 5);
_ contenti on based access nechani sm (for exanple the
finallyRACHS@Man goYRodinaenrts. detnribe) SHe endnrententier rbased resopsce request

36.21 1 (see section 5); finally, in sone enbodi nents,
mechhnismst dre HEilalnid to tidgenthisebagiedr.r esour ce request
mechani sns are available to trigger this behaviour.

VeaHeUS MERPRARNKBals bR RBCHISSS td BRGek thd ki#06r SRSetransmission
start of SRS transm ssion
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 retransmissions/HARQ

processes.
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in anticipation of data transm ssion. Various

mechani snms are al so provided to stop SRS transm ssi on.
wab@ofiie3t exanpl e was descri bed above and i nvPCTES2009/037828

starting an inactivity timer upon receipt of an uplink

grant; the SRS transm ssion stops upon expiry of the

inactivity tinmer. In another enbodi nent, the UE wi ||

simpbihest emddain RS, t thensBRSsitaansatissibe endtrafsmhited from before

data transm ssion; in some enbodi ments at the earliest

transrARBRIN Wil b @FI%Iﬁ@ dtR tamdsiasiopl QAtihasnidigtionn @A tHen original data
sone enbodi nents, SRS is transmtted during an

transrﬂEsﬂin@ﬁer%ﬁ@h%@ﬁ%@r%ﬂ|§’§]oﬁn§js ted'mal)r/] tpglc?voevr\}_t thﬁ;teretransmissions

ransm ssi on processes

are n@g@gm,@%ﬁr@&ﬁ%ﬁq&%&g rfﬁtgeigfgrrggaobgg)voerr%hg %t?ansmissions. As in
retransm ssi ons/ HARQ processes. | n ot her enbodi nents,

the cesr fURSMGINahTANSISSIPNSs this 23RS tiR eanticingtiPBedolhe retransmission and
transm ssion of an original data transm ssion until

contiressplindit camplstion loé ther ieffianamissitra t ransmni ssion after
whi ch SRS transm ssion is stopped. In the event that

Referefce BigiabFinting Alignmeaessary, SRS transmission is
restarted in order to cover the retransm ssions. As in

t nﬁséﬁ%eeﬁwgbdﬁgrﬁér?ﬁn%feﬁeh@@gs:@rﬁ'tPéPr%mlgilbﬁs $é@mh&ad lfbr ‘wo different

anticipation e retransni ssion and continues unti
ur 0%8§},3| etion of the retransm ssion. Reference Signal
purp ing Ali gnrrent In some enbodi nents, reference signal

transm SSi e de for two dlfferen pur poses: a
L 65 46 185 e AeRic; aosessel® Bualtg el hey ol Rgantdl so that the
l'i nk channel so that the network can determ ne an _
netwcaigpcaarprde&@rmaaa@ﬁia@rﬁﬁmieaadaml\@wdn@dtdaimrh@nﬂoencodlng for uplink
upl i nk transm ssi ons;
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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b) uplink timng alignnment, as described previously.
The transm ssions are the sane in either case, but the
waoedmorie7may need themwith differing timng PCT/US2009/037828

constraints. For exanple, the network may need the

reference signal for uplink channel quality assessnent

nmore frequently than for uplink timng alignnent. In

signab sntrapsrhitididniénbs ,cur@hh @ppbitanityt e aliinethkiithgotdies eooth of the timing

reference signal transm ssions for timng alignnment

alignrhastefensipridnanfll §841Ry eBSSsshdMabqlirédnentss i 8omel &hbodiments, this

uplink channel assessthent, the UE aligns the timng of
: . | f .

et ST EUELEN BSANBY T 95858 A WIRSRYSlon b enabled

for exr@ﬁ]];p?é] @g\%gr%ygé@:h&:{rggﬁgi%ﬁls olc@‘slgrﬁl%qrﬁ %egriegﬁemefrh ggéli%’nts. A specific
transni ssi on ogoport unities for timng alignnment and

exampler @fr taigcra etoghiaP Mt the mersrestive ob b Euwilk e desgibaghwitm keference to
channel quality assessnment. For each reference signal

the flawchashofdsgare ©ppodhe nmthed bagisis ragbéoaket-& vetictbsi Wfn aécaiwng signalling
transmtted if the current opportunity is aligned with

that sllo€atet refdrbned signal transmissiin gpp&ETinitgs el upiikk aimaing ellignment and
qual ity assessnent requirenments. In sone enbodi nents,

referenb Ssigrd| Qfaﬁféﬁﬁsﬁd‘)rtgr%ghoﬁﬁﬁﬁ& ‘Pdfruﬂ)lﬁ]k%r%ﬁin%ﬁgﬁéil%tgr‘éssessment. Some

reference signa sm ssi on belng enabl e

e ' f.th i oscr i hed i .
o treKTR e LB AR R ARSI plebmert may cancice
. thod fromthe perspective of the UE will be .
with redrenre stong tifP 'é?'gﬂc%pf%%tuﬁﬁl?sf i%évbdﬂk'a tCANNE! Qiypty7assessment.
. The nethod begins at block 7-1 with the UE receiving
The rgethed comipueraat bl a2 ekith dramsenittieg getaiance signal transmissions for
transm ssion opportunities for uplink timng alignnent
uplinkatichinge bégrement &1 goedrdanes wiits heosigoppiogt andt atelslotlr7-3 transmitting
upl i nk channel quality assessnment. Sone of the

referen@k &digiel erariseilgdiohs FSHdIFK EarPiePQUBY ddseSsheht Pheddfdance with
timng alignnment nay coincide with reference signa

I

e SREBIAT 35,65 080T LASUPER cHEL U RO QUL W 0hoink i
alignr%ér?tr}ﬁ rgctcct)#q%%cé %\}cit%rtﬁgcs?gnsaill%%aénc} {rgrqssmtt?nsé Pe?éc’rewc):é signal transmissions
for uplink channel quality assessment in accordance with the signalling is achieved by
transmitting a single reference signal transmission for both uplink timing alignment and
uplink channel quality assessment for any reference signal transmission opportunities for
uplink timing alignment that coincide with reference signal transmission opportunities for
uplink channel quality assessment.

An example of this method from the perspective of the network will be described
with reference to the flowchart of Figure 8. The method begins at block 8-1 with the
network transmitting signalling that allocates reference signal transmission opportunities for

uplink timing alignment and reference signal transmission opportunities for uplink channel
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uplink timng alignnment in accordance with the
signalling, and at block 7-3 transmtting reference
w@e@nal7err ansmi ssi ons for uplink channel qual i®gT/US2009/037828

assessnent in accordance with the signalling. In so

doing, transmtting reference signal transm ssions for

uplink timng alignnment in accordance with the

qualitg iggsasdrent; anithet matisod tonthresedtelbleok 8-2 ivgthateceiving reference signal

transm ssions for uplink channel quality assessnent in

transrﬂ%@ﬁfrﬁ&ﬁﬁ@pnﬁkttﬁn|h5%l|§hr91’eﬁl In &EokdarrehligY 81 dYnalling, and at block 8-3
transmitting a single reference signal transhi ssion

recer\frr?gl RELAAHE! ‘s@mem F%r{égmé‘érbﬂé‘ ﬂﬁk Uerdnrr\FI CHHMF! assessment i

ty asSes or any re ere ce SI gna

accorBRAES W o GAOIEIS- 1 B 89 GRS <RI FelRELScs gl Vareimissions for

portunities for uplink channel quallty assessment .
UIO“nkAﬁméﬁQa et thhascqreameRl Witholet SIENpERg @nek Tegeivitg fefgrence signal
netvvork will be described with reference to the
transmissiarisafar wdlinki gluaree qualitye assedsoterbeigi accaidamde ekth8te signalling
with the network transmtting signalling that
compéibéd esdeting af e cefepdriradighalansBnssion fermn uphnk tiesng alignment
for uplink timng alignnment and reference signal

and Trﬁ@%ﬁéﬁ%l%aﬂ stegﬁringh?ﬁ)rfér’f @Fgreﬂg%g@ﬁ%f‘ﬁéﬂérﬁlsbﬁﬁ opportunities

ssessnent ; conti nues at 8-2 Wt
for up] ﬁ&?%ﬁigh%fﬁﬁgﬁqﬂgt cojrécggggvétw grbsrghcges %ﬁ gt?%#]sm?%rﬁg%pportunities for
r]'}?rﬁ?ﬂblo k 8-3 rec iving reference signal
uplink ¢ guegl §S$‘%ﬁ5”ﬁﬁﬂ ink channel quality assessnent in
accordance with the signalling. In so doing, receivin _
r 6T spreRcRMBPdiments, ithe sietwerikorgngnoits signalirg tinfermation that contains a
al i gnnent in accordance with the signalling and

definiti@t of vefegencef sigpakassmgisalont oppetarstidsotes bé anadg lavakable for one or
channel quality assessnent in accordance with the

both &f @hahhéNGuaIRYPAsBEIMERE &Indl fiGiry Hligement. ef IBr 886ion, the signalling
signal transm ssion for both uplink timng alignnent

infornf5iHn uﬁ’rlc|d?)lés9rﬁf’c§rﬁre%troﬂu@lehﬁf¥ r@ﬁéﬁ@g@ﬂﬂtﬂm :elrrrggn’r%ﬁor trar]smrisron of the

re erence signal transm

rofere R S 40 OBV EREr o A7 o0 CHARTEY FEGp oy ransmission
of thearse?eergﬁcr:reegrtgnal 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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In sone enbodi nents, the network transmts signalling
information that contains a definition of reference
W@ @nal76rr ansmi ssi on opportunities to be nade PUHUNHDY/€37828
for one or both of channel quality assessnent and
timng alignment. In addition, the signalling
information includes information identifying a m ni num
satisfactionodf both requiemerts oandfa ksirgle SRE eneey S0gnal while the UE is not
channel quality assessnment and/or a m ni mrum period for
transthlt@stgm ssion of the reference signal for timng
alignment. The UE makes reference signal transm ssions
|l agR de?‘ﬂﬁ@dlmehréttmeofj&fr' Wd&‘?@ th rtﬁéeéﬁ p?bc%é%' the UE 10
transm ssion oppo uni t'res u
suc enever pos
compfi§es. 2o Rt <SRG sPPALIes B Por B B: e ﬁEﬂ\ﬁeemra@%ﬁ% ¢ for simplicity, the
__assessment and timng alignnent. As a specifi
differait SHPRINSOAE BeRN brekeeOBABIG, dsTensmeRass  dingsesopgwes may be
opportunities may be defined with a periodicity of 10
implementach segRstélprorc tegetiagr. qlraltihey, thesesmodules menayblee implemented in
required every 10 ns while the UE is transmtting; the

hardwRiRS, §6ftwareliongomld elinBinktioMmy Hitallyethdseatiogulesmay réside in different
irrespective of whether the UE is transmtting. This

portlotho‘P'EHBiUEorﬂemnk‘.z e?mmﬁsltré‘t@d {EFP & @rﬁla-d UE &‘o@@éseor%%% prises a receive

every 10 ns e UEis transmtt

o 83 A5l B 199 ofson o
i nents, rder to ca qut  the ab ve proc
807 {The Toeon resnip EDEdoResPs CaTET Aok TR R BRI riese may for
the above process. For sinplicit the different
examplenindustes ahmessege rohmsiseagesitconfigering ftihe ram@nsoef rariods for the
These nodul es may be i nplenented separately or
receivenganteconfigurihg erarioub eesoumes| fes theyrebeivernpsuaieas etiei nansmission
har dware, software, or sone conbination. Finally,

oppor‘hﬁlﬂﬁ@s fRdke eplifryefeRPcaasidinl dhhd apmiKk gr@h[é | Offe #AnérARsion module

UE menmory. As illustrate in Fig. 9 , the UE processor
807 ni@ﬁ%&rlﬁ@g r;garrgsfrﬂééu¥ﬁ%gﬁ§\gb§83’ a’trg%nt@édr)@;]aé@pgm@ﬁﬁnng alignment

signam)ransmlsswns. These can be part of an integrated frame structure as described
previously with reference to Figure 3 by way of example. The uplink reference signal
generation module 803 generates uplink reference signal transmissions for transmission by
the transmission module 807 such that uplink reference signal transmissions occur in
anticipation of and during data transmissions. This can occur using any of the methods
described earlier, for example.

Figure 10 illustrates a wireless communications system including an embodiment of
the UE 10. The UE 10 is operable for implementing aspects of the disclosure, but the
disclosure should not be limited 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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807. The receive nodul e 801 recei ves comruni cati ons
fromthe network. These may for exanple include a
wore@gagws7or nessages configuring the on and of PCPpESic0U637828

for the receiver, and configuring various resources

for the receiver, such as the transm ssion

opportunities for the uplink reference signal, and
digitaupksistang(RDIAY, aTpertdblansomsseqna mablet eof{plternloesa laptop computer.

upl i nk transm ssions, including data transm ssions and

ManyUlitaBle &&Ees) cambHaNEsthe droHIpdf thedd Sm&RNANSIN sBMES @mbodiments of
can be part of an integrated frame structure as

_ cib . : ¢ = _
e GSBBSIEDTE PSS RISHS AbLdol SUEREOSEL0 A UL e ltop
ule 803 generates uplink reference signal .. .
or tatYgh Aofelist B Toef P e PSR U SO TP BGtoRs dipvice such as a
_nodul e 807 such that uplink reference signal o _

mobile r piaNA. s3iWiFRlest handsel, shtRagepati BRAof oraAdtalrfamguaisations device
transm ssions. This can occur using any of the nethods

installgdsm ai vedbitie aln arsthef embediamsit etheRilgdOemay be ld partatde, dgptop or other
a W reless comuni cati ons system i ncluding an

compétitdgvisy, oThé hgEURD Lehay Eb%addE sheciatizepedanltiesf slich as gaming,
i mpl ementing aspects of the disclosure, but the

invenf@ﬁ%?bﬁ@&rﬁb%%g _ﬁr?@?or%sl{ Fn'éhéggmbgt fUMR86ns, and so on.

enentati ons. ough 1llTustrated as a nobile phone,

t 1 ari_ou orfs. i pcl.uding a whrel e oy
ndaseE, T TRyt 8 S30R0Tg o i L 1ChE0 Ao hER 4 g sensitve
ortable ¢ uter, a tablet conputer, or | apt.o

surfadst akRAE0a Ul TGt Tt BV GPT G dBIRBeRAS AR Tt inBy b, user. The
these functions. In sonme enbodi nents of the

keybagird gnay lreea fulher uBduced @lphenumegisnkedioapdispe’es QWERTY, Dvorak,
conmputing device like a portable, |aptop or tablet

AZERIofypanersecoentialatyipes, iocs & teguittoral -mumgnis &keypad with alphabet letters
comuni cati ons device such as a nobile phone, a

assodtE8 vafsa aegisdie kéyRRUEThe pdPRey®ma¥ include a track wheel, an exit or
t el ecommuni cations device installed in a vehicle. In

escap%gg%yhdea{ trsewggﬁatothéﬁﬁa\}@?o%aﬁrﬁy f@ﬁéi@ﬁﬂ%%@ﬁab\&ich may be inwardly

p or r conputing” devi Ce.

cooreR§ BRI brRESKRH PR BB EHhR | SPeE oo BELM ety e ser o
selectf, %g%%rglgn%r tﬁlen %sggtc? rgc:tuate, and/or 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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The UE 10 includes a display 402. The UE 10 al so
i ncludes a touch-sensitive surface, a keyboard or
w@edentisnput keys generally referred as 404 f opPCT/Hp2009/037828

by a user. The keyboard may be a full or reduced

al phanuneri c keyboard such as QAERTY, Dvorak, AZERTY,

and sequential types, or a traditional nuneric keypad

wAhtorgl thealzgioub elpplications ssoecatabie by the BB €0 ephangeb browser, which
keypad. The input keys may include a track wheel, an

enabl8¥ e BispRyIZEI kbW 8 WdIRS J%@' The s é’éd@ﬁ]a%/ be obtalned V|a wireless
navi gatl onal or functional ke whi ch Tay Dbe i nward

comnﬂﬁﬁéaq%ﬁg%{rpa |Pe\{é§jse¥15N\}'otrlQ%rccé§bo %dé,ué‘ﬁal'l ?&er-r%epé}%%sl}@ 10, or any

resen or the usSer to ’'sel’éct, cont
he user to actu and/or c or.s or .
other Witgies spBTuEiCARE tawpHs B §vear 408 hengfiiiA00 is coupled to 2
further accept data entry fromthe user, |ncIU|

wired igiters49® sHchlaotheviierpal Mia Hiveviselesallink enddhe 'Wired network, the

configuring the operation of the UE 10. The UE 10 may
UE 10 bas hecessdednfoematien on vianpgs sefvengarseicbrasfa senwer ¢10. The server 410
applications in response to user commands. These

may BrRideCadritemntsthaynagyomd sbowa drhthelispRyt4D2pepftomately, the UE 10 may
various custon zed functions in response to user

acceésqgﬁrrfé?\kbr‘kmooﬁfﬁﬁblﬁgr%?e{eﬁ UE hg a%'?né%s@%n%rﬁér aiﬂ‘?galay type or

or configured ove e-air, exanpl e fr
station, a wirel ess access point, or a
hop't eer ‘%E%Je.gﬁl%ﬁong the vari ous applications execut abl e
the UE 10 are b br owser, whi ables the
PGS, ThePME enBIRck deg A HndTRefd padiiipag @ity of known
obtained via wireless communications with a wirel ess

comppaenisral Uics 48 arasigpicted, delan emhediment gessbsetofi the listed components

any other wireless comuni cati on network or system
and/od@fditidhal comtpardnttAbt listed may! edintiudadw tredUBetOvoTie UE 10 includes
408, such as the Internet. Via the wreless |link and

a digitdn Sigtfal SibcBSSIDISP)HT2 ke 3 PndiasrasE£ s As ishoivif ﬂ’fen@EHQﬁmay further

on various servers, such as a server 410. The' server

mclud%oaﬂaéﬁt%'aﬂﬁl f@?;ﬁﬁ} lub!?%%@?%é@g%%nﬁ? (RE§ transceiver 508, an

analog baseband processing unit 510, a microphone 512, an earpiece speaker 514, a
headset port 516, an input/output interface 518, a removable memory card 520, a universal
serial bus (USB) port 522, a short range wireless communication sub-system 524, an alert
526, a keypad 528, a liquid crystal display (LCD), which may include a touch sensitive
surface 530, an LCD controller 532, a charge-coupled device (CCD) camera 534, a camera
controller 536, and a global positioning system (GPS) sensor 538. In an embodiment, the
UE 10 may include another kind of display that does not provide a touch sensitive screen.
In an embodiment, the DSP 502 may communicate directly with the memory 504 without

passing through the input/output interface 518.
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access the network 400 through a peer UE 10 acting as
an internediary, in a relay type or hop type of

w@ooectsron. Figure 11 shows a bl ock di agram oPCT/0s200#037828
10 . Wiile a variety of known conponents of UEs 10 are
depicted, in an enbodi mrent a subset of the listed
conponents and/ or additional conponents not |isted may
bghemx$rRIGed drisonteeotder idhm dheoritfoll@Oor certral @socessirg tirdil operates to
signal processor (DSP) 502 and a nenory 504. As shown,

contréltfe Waribls R pdHenbe bf tHE UEde0an EbritReaRfh ehmlddeadsoftware or
unit 506, a radio frequency (RF) transceiver 508, an

firmw%r‘léaétBFéoPﬂsrﬁQﬁBg/eé’MSFEt%\r&gTjﬂ oﬁ%g:gnt’a it %@B%P 502 itself. In

an earpi e spea er por t

put / out I, nt ce 518 r enpv
addltlg to atlh%ngr\r,]bpggq;c? s%:i? V\éﬁrebag ftr[%g ’pg g%g’n%rg&slq@% execute other
range W reless communicati on sub-system 524, an al ert
appllogggns gtq(@g, tyb@egggmogy 15@45] qr mqg%taaablg,\@qﬂrﬁgrrr(qj@g)carner media such
whi ch may include a touch sensitive surface 530, an
as parEble clata c$|td>rege5mzdiaalilcmahgererrmypbbdmmmrzyecardcﬁlyo or via wired or
camera 534, a canera controller 536, and a gl obal

wirelege Ficthivorki ctinsidlcatibhi$PIhe sppdicdtidrdsoftwdreanay abeiris® i compiled set
the UE 10 may i nclude another kind of display that

of mé& S-S ddp é’WhQﬁJcﬁ‘lthUl‘Fﬁt PRblieY e ISP N502 ntanrowdeh the desired

odi nent, the DSP 502 may conmuni cate direct

functllbﬁ% )?egﬁ Iig a%%mf\%t% géft\% 'ﬁrﬂ% bglﬁléggewge twargt ﬁgtrructlons to be

form of Contro | er or Central rocess rates
procesae@ bR enaNSImeIsr aF CONETEbIOHERY GrTpHE D8 oP PR
accordance wth enbedded software or firmware stored _
i hherg@anbennasead dions eodednit 20Gremar De cvavideddel canverit ipefwieen wireless
DSP 502 itself. In addition to the enbedded software
signasrarid eleotiioa) signalsDE8Rablyy they UEX R td send laeid receive information from a
applications stored in the nenory 504 or made

cellul@viadthdbt Br ¥bmel Sther BRAildle GareldselcamALAicatiéhs Astwork or from a peer
portabl e data storage nedia |li ke the renpovabl e nenory

UE 162r ¢ %%Oefhfbo}ﬂln%eﬁ@"he 4 pa?1|rt| f a% ehaSfoeLMP it 506 m may indlude mutiple

contruni cat 1 ons l'on software nmay co
antenfa$ %Tgup ort Beam forming and/or multiple 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 and/or increase channel throughput.
The antenna and front end unit 506 may include antenna tuning and/or impedance
matching components, RF power amplifiers, and/or low noise amplifiers.

The RF transceiver 508 provides frequency shifting, converting received RF signals to
baseband and converting baseband transmit signals to RF. In some descriptions a radio
transceiver or RF transceiver may be understood to include other signal processing
functionality such as modulation/demodulation, coding/decoding, interleaving/de-

interleaving, spreading/de-spreading, inverse fast Fourier transforming (IFFT)/fast Fourier
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of machi ne-readabl e instructions that configure the
DSP 502 to provide the desired functionality, or the
wa@ppbiicmri on software nmay be high-1evel softwaP@&r/Us2009/037828

instructions to be processed by an interpreter or

conpiler to indirectly configure the DSP 502. The

antenna and front end unit 506 nay be provided to

transformingr (FFIgt syeto prafixed s diigheal e/ a rashdedtbiet signal processing functions.

signals, enabling the UE 10 to send and receive

For th@fpgfﬁﬁsbboéf EEAE e ebetiRtlonNgée0sdpRhteSOMR @édtfibtion of this signal
avai | abl e wirel éss conmmuni cati ons network or from a

proceQ§| bunl [11136% ﬁgy%ﬁgﬁ?bdéjdlgegt{apslt gﬁgﬁ r‘?&r%bzu@f‘ IB%{E% that signal

and le i.n 0

proceg e b5 A BE-eS kBN sPRE NG dnihgeh et Hif Hisk 02 or other
art, M MO operations may provide spati aI di versi t _

centraltiresessitg bBitudadsaree erEvesinentsi the KA T ransseher 508, portions of the
condi tions and/or increase channel throughput. The

Antersat and aFrantl Endb906emihdutiiet abe®gmhgsébaridugeocmssimgnenit 510 may be
tuni ng and/ or i npedance matchi ng conponents, RF power

combivl inf b8s Br B0 prodes¥ingairss anaybr fabﬁﬁc‘atioﬁhﬁpé%?ic integrated circuits
transcei ver 508 provides frequency shifting,

(AS|G‘52_nverti ng received RF signals to baseband and
converting baseband transmit signals to RF. In sone

d r' \Y f i Ve .
STRABG BB HAPIIRLL BT ECORR BB s
of mpg%ghéogggggn A ﬁzue():(gma p@g ﬁéﬁggéﬁg&% iég"ﬂt% om the microphone 512
spreadi ng/ de-spreadi n i nverse fast Fourier
and the ﬁlﬁgﬂ%ﬁtrﬁ1r6gal(l<ﬂ PRPUts g@the:@arrm@et ?Hhendithe Mgadsstty16. To that end,

cyclic prefix appendi ng/ renoval, and ot her signal
the apalogesasebgntiymrotessisg upir5thenguhpes gorisf foc lcnhegting ke the built-in
description here separates the description of this

microph&fé 51 R Pehs | 2fpibES Bhkarer At ehabledhe it 30&oddused as a cell
conceptual ly all ocates that signal processing to the

phoné‘naLm Qﬁﬁﬁ)ﬁaﬂg ﬁbé&s\fﬁq %nﬁl%énﬁ( rfdn[g?edDﬁ%IL@%Za port for

or ot ef Cent rar processi ng I'n"so

connddlFtT R LS Bl b WBhehl st SR, Bgaton. The
analog1gasré%%ngeprocessing unit 510 may provide digital-to-analog conversion in one
signal direction and analog-to-digital conversion in the opposing signal direction. In some
embodiments, at least some of the functionality of the analog baseband processing unit
510 may be provided by digital processing components, for example by the DSP 502 or by
other central processing units.

The DSP 502 may perform modulation/demodulation, coding/decoding,
interleaving/de-interleaving, spreading/de-spreading, inverse fast Fourier transforming

(IFFT)/fast Fourier transforming (FFT), cyclic prefix appending/removal, and other signal

processing functions associated with wireless communications. In an embodiment, for
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conbined in one or nore processing units and/or
application specific integrated circuits (ASICs). The
wapabogebaseband processing unit 510 rmay provi BET/US2009/037828

vari ous anal og processing of inputs and outputs, for

exanpl e anal og processing of inputs fromthe

m cr ophone 512 and the headset 516 and outputs to the
exampler (m egecddel dinidiohhenuitplds etcdsks .(CDMAhaecanalogyt hepplication, for a

anal og baseband processing unit 510 may have ports for

transri 2R efehtiith ttRe tHSPLBDD midy BbA6ARNPBEURTISNaREdMAE interleaving, and
ear pi ece speaker 514 that "enable the UE 10 to bé used

sprea@i@a &r?cl fforpIéoP@Celﬁ?efﬁ%ﬁer‘?g(hgaﬁgﬁa%%pfn% ﬁéﬁgﬁn ucﬂlé—gpreading, de-

urther 1 nclude a conne

eadse ot her hands- free m cr ne and s .
i QO 2 SOOI OB I %oeeﬁeﬂwﬁenﬂn " gygrele i an
provi de digital-to-anal og conversion in one signal
orthomrraéd‘quenahdil\aﬁandgukﬂ@leen esP Qf@l@&.tgﬁmdpgm@pphcatlon for the

opposi ng signal direction. In sone enbodi nents, at
transmh dtes fursddios tihé DISR5O2i Ny patidrint podbilatine, m@g'ntledea‘ldag,dnverse fast
processing unit 510 nay be provided by digital

Fourig tare3Sintigg Camap enetiat srefik appending) andsortaredefier Gl ictioh the DSP 502
by other central processing units. The DSP 502 may

may pﬁﬁcfrﬁf aV| %Péf&tﬁeﬂ{gv%?@ﬁﬁcﬁh'efaﬂan%ﬁhﬁgf g@‘?ﬁl@irlag Jn% decoding, and

I nterl g/ de-1nterleaving, spreadi e- spreadi

demotdprgﬁéﬁ o ”Jnr?%thgro gal.rl)e‘:fess geac'@%i%rg&} Qgplfc%\gga%/ gfgtog%u%pﬁél processing

and ot her signa qQcessi ng functions assocj ated. w
functigi's @id SOl S PrPReSI G HSBAPROALSY PoreXaified by the DSP
in a code division multiple access (CDVA) technol ogy
502. application, for a transmitter function the DSP 502
may perform nodul ation, coding, interleaving, and
sphedd$ P g02amdy faomraunieats win o wirekise metwerkDE® the 2natng baseband
per form de-spreadi ng, deinterleaving, decoding, and

proce@@ﬁﬁd&ﬂnﬁtﬂmn I Ropi ehfodafibad ﬁlﬁé‘toon‘ﬁrﬁ[lm@éﬁém'n@a&%m de Internet

ort hogonal frequency division multiplex access (

conndciGN L ingRPLsERTd 88in 58% 5B 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 to 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 Bluetooth interface, an

IEEE 802.11 compliant wireless interface, or any other short range wireless communication
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transmtter function the DSP 502 may perform
nodul ation, coding, interleaving, inverse fast Fourier
wa e@psimwrm ng, and cyclic prefix appendi ng, aneCT/U82089/037828

recei ver function the DSP 502 may performcyclic

prefix renoval, fast Fourier transform ng,

de-interl eaving, decodi ng, and denodul ati on. In other
sub-systeal, eglsich enayanapgle thep UEc 40itonsommehicatdheriretasgtyalvith other nearby

processi ng functions and conbi nati ons of signal

mobil@/dRGRES iahl/dr Wb NSadtstafiéngrer for med by the DSP 502.
The DSP 502 may commrunicate with a wirel ess network

V:IT'@e dﬂﬁut?c{mﬂ)&g.ﬁ%%% W%Fmep%oﬁ'ﬁﬁb& %OPSP;?(?]%ES the alert 526

€ conmuni cat’t on may

tivity, enab er ta,gain 0

that, GBRR dreoRRcy kaTen bienOE" 103 s dedd Bnfs BEThe, Bser. dor prample. by
or text nmessages. The input/output interface 518

ringingn Play#th AeREHPYh € DAPratiog. ahide \aieht s MayoPerue am@ mechanism for
interfaces. The nenory 504 and the renovabl e nenory

alertingatre 59 toegnypofovdririssefenidmsactaad atainaoming oalf,igjoew text message,
the operation of the DSP 502. Anpbng the interfaces may

and dreappeintdshti reheindeciey SRentgndibtdtings erdy prpHe a\llsrp@bmﬁspre -assigned
comuni cation sub-system 524. The USB i nterface 522

meIodelSrQ%a‘r‘ﬁ&ﬂ'artééII@har ge the UE 10 and may al so enabl e

10 to function as a peripheral device to
egﬁ%ﬁg@@g;@g@@h@@g gg& ﬁ@ﬁ;@yﬂe@e&%@%ﬁgc&mt Rbrovide one

ation sub- m 524 i ncl u eanln rar L
mechgReT 105 1o P MAKh SEACHoRS. S iBEEabeN 1and Dbiep Rarrovide inpu
wireless interface, or any other short range wrel ess
to thecddimifhi Bae keykassd Sp8traay bate t aragdesrshalehamenerc keyhaeard such as
communi cate wirelessly with other nearby nobile
QWER®Yi, dxsorakdAZERMYT ehd ssequaatialstypes.oosa ffaditional numeric keypad with
i nput/output interface 518 may further connect the DSP
aIphaE@tZIelt@ré B&s RIREH withba tdlaphondRByddd. ITRE 8fbutd@YSahiay hﬁ:lude a track

10 to provide a notlce to the user, for exanpl e,

wheef 'arrllgéﬂgor Qéc%ﬁen 8@9@ 9hd Y)'tﬁgraﬁd\f&tloﬁgfsoraﬂﬂc |or$§§<eys which

serve as Chan
may be |nwardly 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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alerting the user to any of various events such as an
incomng call, a new text nmessage, and an appoi nt nent
WO egopnd®ri by silently vibrating, or by playi ngp@r/us2009/037828
speci fic pre-assigned nelody for a particular caller.
The keypad 528 couples to the DSP 502 via the
interface 518 to provide one nmechanismfor the user to
mekere dReititstrates sesdfevarenérvinvabiedh 602nithab tiwsr bé S@plemented by the
provide input to the UE 10. The keyboard 528 may be a

DSP 6ub! e DEfUSEd &Ry bf et drisershe@s t Vid latf
S Dvor ak,e AZERTY and sequg”;ﬁri arl]dft%pes, (rJIr a trad%all © @ piatiorm

n r e r : -
from SRR G {ESK B0 Shelbot Pl ThE PRt R, s B04 provide
. eel, an exit,_ar escape key, a trackbal and ot her .

driverfigh e PESIER tieibe et bare Witk s @noRRfea gy des (o gpoessivle to
~depressed to provide further input function. Another

appliGaiipp tsoffaEni 118 aRgrakiag systentgrivers, 6Gthinatdeappliratioaénanagement
touch screen capability and al so display text and/or

serviggsdpaivISs) Q5 thiabtrassfer camieol bebveemapplidations 8mningiph dése UE 10. Also
the DSP 502 to the LCD 530. The CCD canera 534, if

show® iVF igRes! 1 2 enablvesb bitRvddr apPlicaiocha0B, di rgedial pl@yertapipiisation 610, and
The DSP 502 conmunicates wth the CCD canera 534 via

Java éﬁﬁle&a@ﬁ.aTﬁQ,r\‘/\t/é@bllo@\?se'f_’%ﬁgliéﬁioﬁr@@ﬁ?‘rg@?&dm@lﬂf& 1(to operate as a

camera operating accord to a tec gy other than
| e Vi .C r . Tk :
weo 1SS oHOYPOER 5 b SRR B o PR Siecl T FRetieve anc
vow F3B b T T b i or AL sk ey 1728 Ttrone o
may al so be included to provide additional functions, _
play @ucgo orrauglievisual noediavi Ehedavaapplate ®.18i eanfigune the UE 10 to provide
illustrates a software environnent 602 that may be

gamesuitigtneesntard lojhdrhfeinB&hdin2. A heoni)Sihes 26 ek ecighe provide functionality
operating systemdrivers 604 that provide a platform

relatetiit@ tme\BicsRnt Bigclossie. of the software operates. The
operating systemdrivers 604 provide drivers for the

mégllgl?% 19@\;&3\@% g?,g&’tﬂ%rcgn%lt Sortfrnder &t Fi§rd M’ GHES 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.

24



application software. The operating systemdrivers 604
i ncl ude application managenent services ("AMS') 606
wo baw/11wansf er control between applications r uPCli/ng20091037828
the UE 10 . Also shown in Figure 12 are a web browser
application 608, a nedia player application 610, and
Java applets 612. The web browser application 608
cPhéisguomdary Btorblge Y8 0tie typiedligtoongsisedvet onerarwaere, disk drives or tape
allowing a user to enter information into fornms and

driveS8h@ ¢ udddep noP-Vokitllé SMRagd 8f YhRVarEEs ﬁﬁgzﬁx‘@r—fIEWE‘dé'fE%'t&age device
pl ayer application 610 configures the UE 1

¢ RATEHI B Onr?é(u%cﬂ‘uufy Aokl kel o gar@g%relaa%o may be
used aﬁ?{é P e WG Er o ARty TERAM. 450 ST RREpayediams are selected

di scl osure. The UEs 10, ENBs 20, and central control

for exegatioss. FineyRQM 174Rra Usetdp stasmprsiaistiens AR priaRs data which are read
associated with the cells 102 may include any

duringpragram-exacptice B rderis wi ndn-galéfileanembnpdedes wihial typically has a
power, nenory resources, and network throughput

small Ga@abry tépadity rbritide o the |argecaaiory Wabktioads pbesreidry storage. The

upon it. Figure 13i||ustrates a typical,
RAM 57%@% sBH rtBQﬁ@re HE @fatP ¥R ?@rﬁé’& {d&for trl%tlons Access to both
suitable for inplementing oné or nore e i ment s

S
ROM 743 4@202%8@?%6 kw%%ffvn%%@i%?i e%{e?égﬁfd”@é”&s*é;@%cﬁ%ﬁ i
ro S uni IS In nuni cati o
el AR 208 HoRld s OR et YR RGOl civstal displays
only nmenory (ROM 740, random access nenory (RAM 730, _
(LCDspavchagregn displegy, I@fg«bpggis Rewnads, gwitelhem dials, mice, track balls, voice
connectivity devices 760. The processor nay be

recoghizels mand sshdess, apeo tapreonead&fdJoc bthes wHEllekroevingat gevices.
storage 750 is typically conprised of one or nore disk

The KBtWoBS cOhné@Rsty didWEss 380 mayUsRE ther fordNol Maddrh€ modem banks,
storage of data and as an over-flow data storage

cratlity aFH LB 0 ISSERIBOIR, B ges. on
cards;&igérf g%irlobg‘ri%dm g@ra,g érﬁgra‘gcr:ee II:BB%egarldgt %lr%hs/lsaggalmgr%g Ao LJ[work (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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for execution. The ROM 740 is used to store

i nstructions and perhaps data which are read during
w@eognsmsrexecuti on. ROM 740 is a non-vol ati | e PEND82009/037828

device which typically has a small nenory capacity

relative to the |l arger nenory capacity of secondary

storage. The RAM 730 is used to store volatile data

and $uwhhimferntatiost ahich malyrinclude rdata At destrudtiond @b IbeRENdcuted using

740 and RAM 730 is typically faster than to secondary

proceS8s& 796 6P LxaS dfH\CBe RivERY frbRC lbHE Coltbi ﬂé@rté the network, for
vi deo nonitors, I|qU|d crystal displays (L , touch

exam}%n%r itk edfo?ﬁ'l @fy ? 'COW&%&% beﬁ%gﬁg r?eWotr %@%I mt%d?ed in a carrier

rac VOl ce recognl zer car

ta ader or. ot her put de es.
WaveTaE I SSiglasprgied 91%9aﬁr'§kavqw¢eg%?rﬂed by the
nodens, nmodem banks, Ethernet cards, universal
netwcg@rq:qpnqggglt)( J@@) dﬁMlCéﬁfﬁ@é‘ BEQRBgAtEs di | 9'1 amitlee fatage of electrical
token ring cards, fiber distributed data interface
condyde@s) m,cahieseirewave@ddes,an eptingitmedia, {onexisinple optical fiber, or
cards, radio transcei ver cards such as code divi sion

in thendirt bplrecassass (TEMivforamatiopr cahtalld By friee abebamBidreal or signal
comuni cations (GSM radi o transcei ver cards, and

embeBtBin W dark8oyave ﬁ’éa‘Wé‘or%%Yéc?gé%or-drﬂ?StS i é%c"uences as may be

connectivity 760 devi'ces may ena processo

deswa‘bﬂ? ‘f‘ognéﬁﬁgk B@ég%ﬁ%@%@nﬁ \%ﬂrgr}ﬁg érgfﬁ nrﬂ%ﬁorgér Hgﬁsefn gtlng or receiving the

mforrr?q(igbf tedqbtrag tSﬂt h?ﬁgg&gg E?%&bﬁm‘t %@lﬁaﬁé:rev{/gvee or other types of
~ information to the network in the course of per form ng o
signalsheuragitlye Lged con beteafiter Hiryeiness .relugd o fherewmt eorihe transmission
which is often represented as a sequence of
mediumstiaydid gerseratedbacaxding tte deusiah ghgihods se0 knd20, toname skilled in the
be received fromand outputted to the network, for
art. exanple, in the formof a conputer data signal
enbodied in a carrier wave. Such infornmation, V\,hi ch may

| 01 S0 7DBSLIERL ST RO SRR Sl proorams, sorpts

process for “exanpl e, e recel ve
whicrg . BissRgs 1§ tgﬁﬂﬁiém’ﬁn@@g%@?kxﬁng Gl d e&%?g%rlq% disk-based

a carrier
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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wave. The baseband signal or signal enbodied in the
carrier wave generated by the network connectivity 760
waelewpaes7nay propagate in or on the surface of PCT/US2009/037828
el ectrical conductors, in coaxial cables, in
wavegui des, in optical nedia, for exanple optica
fiber, or in the air or free space. The information
intentioonit o slbé tintiteel tb alse biatzils wigmaherein. sk gnatanepibethdedhrions elements
the carrier wave may be ordered according to different

or coﬁ’l BEHEMSGRay B8 dBMbIRE] $f ShtEgRitEd § f@én@ﬂhbh@?st@ﬁpéleééﬂtélﬁ features may
r generatlng the informatTon or transmiting or

[ | mati on. The baseband si gnal or
beonﬂﬁ&§<¥ enbe@%nkﬁﬁéﬁthe carrier wave, or other types of
sign currently hereafter, de elop
r ef é@?%ot F%”'H%‘?%ﬁé(séé“% r?é'bts}‘%{ﬁ'%‘ﬁ]%%q r&ﬁy C”'H%C} aBQ lllustrated in
generated according to several methods mell known
the vaﬂwsmqué@ems @?n@'Sﬁrrette oTRePFBtR By de qogoblegg@uﬂrgggrated with other
i nstructions, codes, conputer prograns, scripts which
systeins, modememdnntquebaordrr@ftmqs Witlopp epiaging foptitihalscalbs kf the present
(these various di sk-based systens may all be

disclosarsi dedtedr siesragdanowist oF agiscusser, a8Ododged B?\M:I?é@cly coupled or
or the network connectivity devices 760. Wile only

comnﬂﬂﬁcé?h?%ﬁﬁ@écﬂ \Aﬂ}e:r?'néshﬁéé‘”hdn@éh% 'cekglear&“cgyfrﬁﬁﬂﬁlcgﬁ%/g ffough some

present. e I'nstructio Scusse

e EREHh T e PSRRI, U VB AR merarcan. o

other\gﬁggéﬁgﬁp arpgl % é;ré%ngpg,lvgggal %ﬁ%ggéﬁ%@ﬁgrgqgnss 21\r/ee gsclzertalnable by
di sclosure, it should be understood that the disclosed
one siylledeiis then@rtnent psidnide madenwydaeddepartiaayfranHéee spirit and scope
specific fornms without departing fromthe spirit or
disclosedperaif. t he present di scl osure. The present exanples
are to be considered as illustrative and not
restrictive, and theintention is not to be limted to
the details given herein. For exanple, the various
el enents or conponents may be conbi ned or integrated
in another systemor certain features may
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be omtted, or not inplenmented. Also, techniques,
systens, subsystens and net hods descri bed and
WO kdoggtmat ed in the various enbodi nents as di SBCEUS2009/037828

separate may be conbined or integrated with other

systens, nodul es, techniques, or nethods w thout

departing fromthe scope of the present disclosure.

O her itens shown or discussed as coupled or directly

coupl ed or comuni cating wit HClAIMS ot her may be

indirectly coupled or comunicating through sone
Whatiigitleimhed &; devi ce, or intermedi ate conponent, whet her

el ectrically, nechanically, or otherw se. Oher

1. exafieies dfy ﬁﬂ@@é@nc@%ﬁbﬂdl Eréhérﬂﬁ%mrﬁﬂ% @d o CPrﬁé‘rﬁ‘t comprising:
are ascertai nab e by one skil in the art and coul

b i . .
ar el @@?%ﬁea&%‘%ﬁbég%%?. s, i ghiibipfith o Whsmitting upink
_met hod of uplink reference signal transmssion in a
’user equi pnent conprising: starting uplink reference
gnal _transm ssion in anticipation of transmtting
uHﬁﬂﬂR'tmﬁ plinkydaia @ftet plagtingourlink reterence $'€ﬂa|§faﬂ’5m'ﬁ§0n
uplink reference signal transm ssion; continuing
updbntimuing Lipldn cefesngradignalareransssion wnit icbmedetionetfi toansmission of
of transm ssion of the uplink data. 2 . The nethod of
the uglinkigatd. further conprising: controlling a receiver in
the user equi pnment to have on periods and off peri ods;
2. UTRBHthbH BEcRIM AGURREL &% @ngP! | nk transmi ssion

resource to transmt the u data; wherein

; é@gﬁéﬂ&g ég%coélv ih BB ESLr éqcﬂ'ipr%gﬁt tBFHd.v%l%nt 6@%%@ asr?'d &f periods;

transmitting a request for an uplink transmission resource to transmit the uplink

data

data:

wherein transmitting the request for the uplink transmission resource, and
transmitting the uplink data are both performed irrespective of the on and off periods of the
receiver.
3. The method of claim 2 further comprising:

receiving signalling to configure the user equipment to be able to transmit the
request for the uplink transmission resource and to transmit the uplink data irrespective of
the on and off periods of the receiver.
4. The method of anyone of claims 1 - 3 further comprising:

maintaining a definition of an available set of uplink reference signal transmission

opportunities;
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transmtting the uplink data are both perforned
irrespective of the on and off periods of the
woemeiltyesrt 3 . The nethod of claim2 further PCT/US2009/037828

conprising: receiving signalling to configure the user

equi pnent to be able to transmt the request for the

uplink transm ssion resource and to transmt the

uplink data irrespective of the on and off periods of

t Weereig ecortinuing . uglink rrefarencef sighglorteansmissian nentil cogpletion  of

further conprising: maintaining a definition of an
transraiszidnabofe thet wdlinkpldat& cefrgrisese tingmatting r apdink s séference  signal

opportunities;wherein continuing uplink reference

transrﬁis@Ms hﬁtﬂnénlb§§'oprthéné\idlla§@ﬂ§b€to‘f Qblink rte'Te?f@ﬁHé Séﬁg@él transmission
of the uplink data conprises transmtting uplink

oppor’ilﬂl z%seﬂ?aﬁ 5‘60%’? u?lﬁgn%ﬂ]nﬁs¢lgtgstré'ﬁ§rhﬂssi%nl 834 tl%n tcr‘secon;t]lnumg uplink

aval [able set o erence Ssi gnal fransSm ssi
ortunblal es.that occurs during uplink data

refereﬂcgﬁé%aé BAMSSPN hen d| scontinui ng uplink reference

nal transm ssion. . The nethod of anyone of
S. cITgi3 meethod Oéaﬂmrteh@frd@mﬁﬂ r SifaghenganRri§ing ng a
definition of an avail able set of uplink reference
s gt hininga a siefimdioonofoap @vaiat e i set ;of plkink geferenaeasignainttansmission
retransm ssion in respect of the uplink transm ssion;
opportdietied: n conti nui ng uplink reference signal
transm ssion until conpletion of transm ssion of the

UFHdkTH‘g é*%é‘stcd?f@}(e'tréﬁ§m§srsﬁﬂﬁﬂ‘ré§bétg ofifHd lﬁﬂﬂlrfkﬁa‘?{s%ﬂ%on

signal” transm ssion until of the ‘avail abl e set
AT EA LA BRI St o
ransig RS RENR! tﬁ%.%@ﬂh&%%fﬂéﬁ%@ eeTa b Plnkdterass signal ransmission
until a last of the available set of uplink reference signal transmission opportunities that
occurs during the at least one retransmission in respect of the uplink transmission and then
discontinuing uplink reference signal transmission.
6. The method of anyone of claims 1 - 3 further comprising:
maintaining a definition of an available set of uplink reference signal transmission
opportunities;
wherein continuing uplink reference signal transmission until completion of
transmission of the uplink data comprises transmitting uplink reference signal transmission
until a last of the available set of uplink reference signal transmission opportunities that
occurs during uplink data transmission and then discontinuing uplink reference signal
transmission;

the method further comprising:
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6 . The nethod of anyone of clains 1 - 3 further
conprising: maintaining a definition of an avail abl e
wa@ed0voizeapl i nk reference signal transm ssion PCT/US2009/037828
opportunities; wherein continuing uplink reference
signal transm ssion until conpletion of transm ssion
of the uplink data conprises transmtting uplink
reference signal transmi ssion until a last of the
amekingod getrgnsmfssignl inmespest of theckplivkdiamisntissiini ssi on
opportunities that occurs during uplink data
t stanting gslinkmefenendasigndl terentission irgantidipation efftiee esteansmission;
signal transm ssion; the nethod further
CEHMrUT A9 UK NYefrérRie a@@ﬁbﬁstrﬁﬂsﬂnﬂss\'&ﬁ pegfi O&Oﬁqb%tuon of the
uplink ttansm ssion; starting uplink reference signal
retrars gission in anticipation of the retransni ssion;
con |nU|ng upllnk ref erence S|gnal transn1SS|on unti|
conple retran SSI The nethod of
7. anyoneTBp esthptd ahfons BT T3 e PRI vi ng
signalling indicating a grant of an uplink resource to
negeeivdrg 8ignpllinglindieating 2 Qf@hoé‘@ﬁdiphngtr@ﬂqrﬁ@ tamake Sald uplink data
inactivity timer after receiving said signalling;
transmissiosm; n conti nui ng uplink reference signal
transm ssion until conpletion of transm ssion of the
uplarting aairacoeiptirhsesfteraatéiningngid pighakingef er ence
signal transmission until the inactivity tinmer is

eWPkr&s 68;9‘“6@ Qq_lﬁgo%fé'r‘éh&g éighéln Hrdr%ﬁﬁéﬁ@ﬁeuﬁhlg rE:'E‘a'mplehon of

transm ssion nmet hod of anyone of clains -

transrmﬁs 5f t?w%r@gnflnﬁy o F@g%g%tcopgﬂltuﬁg n@%??{aﬁg@ ucﬁag'ﬁ[?al transmission

until %e inactivity timer is expired and then discontinuing uplink reference signal
transmission.
8. The method of anyone of claims 1 - 7 further comprising:

transmitting a request for an uplink transmission resource to transmit the uplink data
using an assigned scheduling request channel assignment at a next available opportunity
after the start of receipt of the uplink data.
9. The method of anyone of claims 1 — 3, 7 further comprising:

maintaining a definition of an available set of uplink reference signal transmission
opportunities;

transmitting a request for an uplink transmission resource to transmit the uplink
data:

wherein starting uplink reference signal transmission in anticipation of transmitting

said uplink data comprises starting transmitting an uplink reference signal transmission in a

30



usi ng an assi gned schedul i ng request channel
assi gnnent at a next avail able opportunity after the
wG@r@pt1mwil recei pt of the uplink data. 9 . The PE/OsODH37828
anyone of claims 1 - 3, 7 further conprising:
mai ntaining a definition of an avail able set of uplink
reference signal transm ssion opportunities;
transmtting a request for an uplink transm ssion
first of seisuavailable setagfsuplinkireéerapte signahtransmissian appartimitigsgthat occurs
uplink reference signal transm ssion in anticipation
immediatdly afteniramnsmittirgpihe reglestkodiheaiptiokansesssidrardsooge.
transmtting an uplink reference signal transm ssion
10. | Mhafhelododf siainfl RVAetER! trark@iitting AREGIStIBF @heHSIfKk transmission
signal transm ssion opportunities that occurs
' [ affer transi.tti : r fort ;
resouf BT, HePhiT e uBACED - CORplRES, BTk o " Rwey for upink
{ 9. wherei.n transmtti ng a reguest f.qr an u&l i_nk
ransiSSIIHYLAY BRPrEQtlY B8SI9RCY PENERPISITIRRN TESPHIR: dat a
conprises transmtting a request for uplink _ o
1. t Thadretedopf glgm@ y@f@oitmwtt@gsa dhRedest for an uplink transmission
sem - persistent resource. 11. The nethod of claim?9
resoundeertei transeanitsthe t Uplinka dadguesmpfiees atranghittilg a request for uplink
transm ssion resource to transmt the uplink data
transr RN E@5g blcansntibhivaged aceasedtarirel. upl i nk
transm ssion using a contention based access channel .

12.  1%he Hh&thaB LR aAySHe SMUISRR PL 1€ iGhAar cbmd%rél d-urther

conprising: transmtting reference si

ARG 85, ) B SRR Y By o o o

claim.12 further, conprising: receiving signalling that
channgl Qyally @sSee3 B dnce si gnal transni ssion opportunities

for uplink timng alignnent and reference signal
13.  t Thasmetsed oh clgp drtfurnen eamprisingipl i nk channel

receiving signalling that allocates reference signal transmission opportunities for
uplink timing alignment and reference signal transmission opportunities for uplink channel
quality assessment;

transmitting reference signal transmissions for uplink timing alignment in accordance
with the signalling;

transmitting reference signal transmissions for uplink channel quality assessment in
accordance with the signalling;

wherein transmitting reference signal transmissions for uplink timing alignment in
accordance with the signalling and transmitting reference signal transmissions for uplink
channel quality assessment in accordance with the signalling comprises transmitting a

single reference signal transmission for both uplink timing alignment and uplink channel
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qual ity assessnment; transmtting reference signal
transm ssions for uplink timng alignnent in
waewondmnce with the signalling; transmitting PEf/EsPNYE37828

signal transm ssions for uplink channel quality
assessnent in accordance with the signalling; wherein
transmtting reference signal transm ssions for uplink
timng alignnment in accordance with the signalling and

quality rasseasmenintprramerefatancei gjgaal trangiissiosi eprorfusitiagpfarnkolink timing
channel quality assessnent in accordance with the

alignrsénginabt coigeidenpith seferencarsigndl tiamgmassiorn gppont@fitiesefag auplink channel
signal transm ssion for both uplink timng alignnent

qualitpBdséddndnt. channel qual ity assessment for any reference
signal transm ssion opportunities for uplink timng

14, ArhaMEAba LR Bkt I2NGHA: L $r|§n’? erence signal

transm ssi on opport ani ipl i nk channel qual ity

assessnent. tB Fod of al.m 12 fU{ |t
c BTt rﬂgnﬁlérbge %&C’E Yaid i '”t 9t Ot JR eé?rﬁ%e gignal transmission
definition of reference signal transm ssion

OppOryiiRe tmibel BndeoaYsilakied foragng 104N fafr chaneleb quBbiy hagsfessment and
channel quality assessnent and timng alignnent, the

timing efignmani, chei idéarmiatipn nigeatifyingi aumini@uimogefiod for transmission of the
transm ssion of the reference signal for channel

refereidgl signal dssersmmentiualing/aesessnieriti andmmg mivithdreperiod for transmission
transm ssion of the reference signal for tining

of the%f&@ﬁ@@glgnélrfépﬁmﬂ alfhni&iter ence signal transmi ssions

i n accordance he definition of transm ssi on
gﬁgrﬁﬁt(ﬂhé \,\g%}ﬁ%@%? SR Iqﬁafnsmség néé&é%%ﬁ%ee%gtﬁ; éal definition of

transramii‘éﬁivé’rrtq@ﬁés?h%nq?&'lﬁm‘i‘Eia' ' ”aﬁéﬁﬁm@%ﬁfw@% slety et whenever
possn!.,\ife]ear g:nglee?eﬁ‘grern%feesrlgr?acl e]s Sslegtn faolr Ic;o?h %hgggenldéun%ty assessment and timing
alignment.
15. The method of anyone of claims 1 - 14 wherein each reference signal is a sounding
reference signal.
16. 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.

17. A user equipment comprising:
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reference signal. 16. A conputer readable nedi um

havi ng conput er executable instructions stored thereon
wo eroitmplenent i ng a net hod conpri sing: starti nBCTpEionk037828

reference signal transm ssion in anticipation of

transmtting uplink data; transmitting uplink data

after starting uplink reference signal transm ssion;

continuing uplink reference signal transm ssion until

cangteive orodvle;t ransmi ssion of the uplink data. 17 . A

user equi pment conprising:a receive nodul e; an uplink

s agnplinky sigaabyéraration moelulethat Startst gergeat@igatnengplink@eference signal

uplink reference signal in anticipation of

in antfd'p%%ﬂ‘dfttr*aﬂgmlﬁﬁhg 'ﬂlbllrﬁi@éléla%?fﬁj c?d?ﬁhb@é‘%géﬁer@fé“@ﬁlﬁ*ﬂ@reference signals
uplink reference signals until conpletion of

until c‘o‘hﬂ#lét’Br?éﬁdtP%hs%sé iBf oﬁ“p{é @@nﬂacfl 2 &l © transmt nodule

gure transm ata and to transmt

g@gf)s ﬁ]@:dgl[qerge ce 31 r%%sr%%ﬂgrat d %&%gﬁgﬂ ltl{ﬁrll]lémlt the uplink

cI aim 17 wherein the upl | nk si gnal generatl on nodul e
refereé@ﬁﬁlgﬂ?é%g@r@ﬁrg@%bmf@ %'Inkﬁl@ 9@9@@8@”@@1&&@3 until a

| ast of an avail able set of uplink reference signal
18. t Thassesequipmeppof tlaim 1V egnarbiatthe ciplinis sigoal genengtiomiodule
data transm ssion and then discontinues generating

contiriglsi tok geedratee Dpinis irgfepdrice di@nalbhentilsenastqifi pvevkilable set of uplink
claim 17 wherein the uplink signal generation nodule

refere"h%@ts'lgﬁHéa*i3 FrahSmaens{ @ép?‘orl—tﬂﬂ!éékthé%@éﬁg % rlﬁ% QJ?%P@ &3t tfénsff‘n ission and

of an avail abl'e set of uplink refer e signal
ven B8 SRR AP g, O 1o o
. at}gﬁ;ﬂgenr g'qﬁ.%%”etn't no claﬁﬁn’ﬁf %rlmenr in I'?tlwel ”u‘ianh‘?fs‘?ér? r\ generation module

continues to generate uplink reference signals until a last of an available set of uplink
reference signal transmission opportunities that occurs during uplink data transmission or
any associated retransmissions and then discontinues generating uplink reference signals.
20.  The user equipment of claim 17 wherein the uplink signal generation module
continues to generate uplink reference signals until expiry of an inactivity timer.
21. A method for uplink reference signal transmission in a user equipment comprising:

starting an on duration when a scheduling request is to be sent;

sending an uplink reference signal transmission during the on duration;

discontinuing the uplink reference signal after an expiration of the on duration.
22.  The method of claim 21 wherein the on duration is part of a DRX cycle.
23.  The method of claim 22 wherein the DRX cycle occurs in connected mode.

24.  The method of anyone of claims 21-23 further comprising:
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20. The user equi pnent of claim 17 wherein the uplink
signal generation nodule continues to generate uplink

w0 edoenemmce signals until expiry of an inactiviPgI/Ub2v89/037828
2 1. Anmethod for uplink reference signal transm ssion
in a user equipnent conprising: starting an on
duration when a scheduling request is to be sent;
sendi ng an uplink reference signal transm ssion during
t hentorllinua ae¢aiver idithe oerri enuiprgentfe hayeiarkperfdsranseeff periods;
signal after an expiration of the on duration. 22. The
neaheditirig a Iredues? fdr avheaplekrtrdrizenissionl vestiurestd tsanmsmit uplink data;
a DRX cycle. 23. The nethod of claim 22 wherein the

Dipkefais! GafsMittisg | theC BHGEdteforBE - uBhk Tthehsimitsied Pdsource, and
anyone of clainms 2 1-23 further conprising:controlling

transrgir’%@%gﬁev@ﬁn?(rhggg%{éjﬁg{h n;}?%%}rmhegﬁea@éeqf‘me Bﬁ%r&dﬁ Eeriods of the

erio rans ng a reque or an u
.transm ssion resource to transmt uplink data; wherein

reCeM& ansmitting the request for the uplink transm ssion
resource, and transmtting the uplink data are both

25. pdhe sretbad iof Fladpedtfitiseroforapriésiog and of f peri ods of
the receiver. 25. The nethod of claim 24 further
c cageivinng reggnallegety icogfigingntid iusgr tegupoméntglior et Algleuoetransmit the
equi pnent to be able to transmt the request for the

requegpfdritke tupiinis aasin@3idresssvue andltd Fahsmnsné Lplitiedata irrespective of
uplink data irrespective of the on and off periods of

the or} BRd bﬁgﬁ‘ér%% of #& rebBRepEt hod Of "anyone of clainms 2
1-24 turther conprising: maintaining a definition of

R R e M T R
SRS 22 DR RS Soner Bl e
transm ssion opportunities that occurs during uplink
dHaasmitmcsrﬁréi@Eorefarmwhéinai drepstMisRionsy inpantmkpation of making a

transmission of uplink data and until a last of the uplink reference signal transmission

opportunities that occurs during uplink data transmission and then discontinuing uplink
reference signal transmission.

27.  The method of anyone of claims 21-24 further comprising:

maintaining a definition of uplink reference signal transmission opportunities;

making at least one retransmission in respect of the uplink transmission;

transmitting uplink reference signal transmissions in anticipation of making a
transmission of uplink data and until a last of the uplink reference signal transmission
opportunities that occurs during the at least one retransmission in respect of the uplink

transmission and then discontinuing uplink reference signal transmission.

28.  The method of anyone of claims 21-24 further comprising:
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reference signal transm ssion. 27. The nethod of
anyone of clains 2 1-24 further conpri sing:
worehontigioni ng a definition of uplink reference BCTNS1009/037828
transm ssi on opportunities; making at | east one
retransm ssion in respect of the uplink transm ssion;
transmtting uplink reference signal transm ssions in
anticipation of making a transm ssion of uplink data
am@intamning a detinition of uplinkuferarce sigpakinarsmisginalopportunities;
transm ssion opportunities that occurs during the at
| gansmittirey rugdlinRneeferssiconsignal egpentissidbng he amptidipetion of making a
transm ssion and then discontinuing uplink reference
transri|s8Rl of U?ﬁ'ﬁi{“d%% QRd gkl J Nestnett thedupinkareferdcef signal transmission
claims 2 1-24 further conprising: maintaining a
.- n . r r e . tr | . .
oppof St WAL PUTS LR 886y ShaRRLo R THT Blboninung upink
transm ssions.in anticipation of making a transm ssion
referegied SNALFANSTE SN unti| @ last of the upl i nk
reference signal transm ssion opportunities that
the mgthag further ¢MgPUsINgnk data transm ssion and then
di scontinuing uplink reference signal transm ssion;
t hrakireg & odtrnsmissioncompspesit v thengiinkdraamsmassiamsni ssi on
in respect of the uplink transm ssion; starting uplink
r sfatirgGslinki referéndd Sigaal tRgishiission anbntidipetionost thé réth@smission;
retransm ssi on; continuing uplink reference signal
{EBRFUIRG | QI hbieRNER) CLiRB) OlrahBRidsRiT ABRM SEbABietion of the
29. The thod of anyone of clains 2 1-24 further
] sing: receiving signalling indicating a grant of
retran%ﬁﬂ%’%{)tﬁ’.nk resource to make an uplink data

20 | IRDSILRSh 0L SLA L 0,80y ] BAGL LNty Ll er af er

receiving signalling indicating a grant of an uplink resource to make an uplink data
transmission;

starting an inactivity timer after receiving said signalling;

transmitting uplink reference signal transmissions in anticipation of making the
uplink data transmission and until the inactivity timer is expired and then discontinuing
uplink reference signal transmission.
30.  The method of anyone of claims 21-29 further comprising:

transmitting a request for an uplink transmission resource to transmit the uplink data
using an assigned scheduling request channel assignment at a next available opportunity.
31.  The method of anyone of claims 21-24, 29 further comprising:

maintaining a definition of uplink reference signal transmission opportunities;

transmitting a request for an uplink transmission resource to transmit uplink data;
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transmtting uplink reference signal transm ssions in
antici pation of nmaking the uplink data transm ssion
wa@panrtsri the inactivity tiner is expired andP@TiEs2009/037828
di scontinuing uplink reference signal transm ssion.
30. The nethod of anyone of clains 2 1-29 further
conprising: transmtting a request for an uplink
transm ssion resource to transnit the uplink data
usiantincnpliksietpiedcs sigaaliramgmissignas andpigatien of transmitting the uplink
assignment at a next avail able opportunity. 3 1. The
data estaetthgofrarsiyittivey afi uplick refe2nte Zignal rahemidsion in a first of said uplink
conprising: maintaining a definition of uplink
referen@k ediGiKs) &reiiseiIadion IGpPBRLARIES I APEIUr 8! hiRfately after transmitting the
transmtting a request for an uplink transm sSion

reque%ﬁﬁa?%&ﬁgﬁr& trd i?%ibnlfgéélﬂge.dat a;starting uplink

erence signa ansm ssron in anticipation of

transmtting the link data by.starting transmttin _
32. o IARATPRR e erine] iRk ranaheind e sates &7y Uplnftransmission

said uplink reference signal transm ssion _
resougshdet diansmels thﬁathUﬂi‘cLﬁagai rABETIaeR| fargridting a request for uplink

transmtting the request for the uplink transm ssion
transmissmurgsing 8 revibgslyrassigded senli-permisent neseursien

transmtting a request for an uplink transm ssion

33. I Fhouheotioft ¢lains Bl twihéreiri phhsikittled a reoupst 2N uplink transmission
transmtting a request for uplink transm ssion using a

resouﬁéeéavtbo‘#r%\'nlérr%?tﬁén@%lirﬁvﬁrﬂa@e%@?@@é r8SQHAGR) S3reqliB8t for uplink

thod of claim3 erein transmtting a request for

[in r .S Si c ransmt the uplink
wansiitsltRoshiy PBBRTH SR bRt EREE el T or Ll 1k
transm ssion using a cont Lon based access channel .
34 FRCHRAHONBII I LGRS SF SRTthig SO ur  her
conprising: transmtting reference signal _ _
t fraRsmiténg eaierenee sigsal HrNsMigsisAPT gakimiageligement and for uplink
upl i nk channel quality assessnment. 35. The nethod of
chanrdd| gualitgdastasdrhent. conpri si ng:
35.  The method of claim 34 further comprising:
receiving signalling that allocates reference signal transmission opportunities for
uplink timing alignment and reference signal transmission opportunities for uplink channel
quality assessment;
transmitting reference signal transmissions for uplink timing alignment in accordance
with the signalling;
transmitting reference signal transmissions for uplink channel quality assessment in
accordance with the signalling;

wherein transmitting reference signal transmissions for uplink timing alignment in

accordance with the signalling and transmitting reference signal transmissions for uplink
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receiving signalling that allocates reference signal
transm ssion opportunities for uplink timng alignnent
w@nwInefoer ence si gnal transm ssion opportunitiBSI/I/82009/037828
uplink channel quality assessnent; transmtting
reference signal transm ssions for uplink timng
al i gnnent in accordance with the signalling;
transmtting reference signal transm ssions for uplink
channsghquadty @asggsnyenisisegenastanden witbcibedsigoalling tapnipréises transmitting a
signalling; wherein transmtting reference signal
singlet refaemcessigms tfarrsmipsionkot botmgplidk timirenalignment and uplink channel
accordance with the signalling and transmtting

quality Qis%é@%éntsfcﬁ”éﬂy Péféfé‘?féb5§gﬁé‘|5tré@§mié@iohngﬁétﬁfu?fﬁﬁes for uplink timing
qual ity assessnent in accordance wth the 'signalling

allgnrﬁgﬁfptﬁbfsgéln&ﬁ@%lfﬂ L&f{a%c@ s?%r@ ltr%n%ﬁﬁ?sﬁ(?ﬁ‘%ﬁ L?rﬂﬁ‘és for uplink channel

ransm ssi on for h™upl Tk tinmng a
nk channel quality assessnent for any reference

qualltglaaﬁ%s}srqqrﬂnsm ssion opportunities for uplink tining

al i gnnent that caoincide with reference signal
36. tﬂ_aﬂéfﬂﬁ@@ﬁj@ﬁcﬁﬁbé’ﬂ“tfuﬁh@r @MPIFINGipl i nk channel qual ity

assessnent. 36. The nethod of claim 34 further

coanening rmignalbeithadingosiggmald idefiniticat of orfesiemee ssignal transmission

definition of reference signal transm ssion

opporaiited tdidel AmdeoavsabRd foragie loalaeh fair cliamed quityhag¥essment and
channel quality assessnent and timng alignnent, the

timinq %ﬁlﬁﬁrﬁ@ﬁi el HF‘d?’FriaftlkShnlaeﬁtlfglng' avmrm%hp efiBd forltransmlsswn of the

sm ssion of the refere si gnal channe

refere?\légls' éﬁ’al zcl?rgcgr?'aiﬂérﬁ &ngagg%%g@é %P% Hlﬂl?nJrgq r;i)erlod for transmission

l’ nment; transmttin efer ence signal transm Ssi ons
of theirﬁ ek HaRRORITING A Mthition of transm ssion
Eport unities, and subject to the m ni mum peri od(szm|
anRsmitting ViBtoReNes signes itrAansMisYPnylie acepedantee Withg definition of
is sent for both channel quality assessnment and tim ng
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.
37.  The method of anyone of claims 21-36 wherein each reference signal is a sounding
reference signal.
38. 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;
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alignment. 37. The nethod of anyone of clainms 21-36
wherein each reference signal is a sounding reference
wG@@nal76788. A conputer readabl e nmedi um havi ngPCDIR2IDE037828

execut abl e instructions stored thereon for
i mpl ementing a nmethod conprising: starting uplink
reference signal transm ssion in anticipation of
transmtting uplink data; transmtting uplink data o
atortmunatplimgrefpranck signalrteansenissignaintit campiationi efntransmission of
continuing uplink reference signal transm ssion until

the uplipkqatd.i on of transm ssion of the uplink data. 39. A
user equi prent conprising: a receive nodule; an uplink

39 shgjg@rqu%@m@{ticgmw@g@e that starts generating the
uplink reference signal in anticipation of

tgqgéﬁbéa&g’”&pl i nk data and continues to generate
re

uplrn ererice signals until conpletion of
transm ssion of the uplipk data; and a transmt npdul e .
cBRLPYE SienabSensraton Fradie iRk Biadar il 18 dnihesiefence signal
_ the uplink reference signals generated by the uplink _
in antigipatigh o &aapaittioe Uptilufata angl contiaugs & gelgrRkhERItnkdgeference signals
clai m 39 wherein the uplink signal generation nodul e
until coomlétmresf ttansgessioa o thepliplimk dedd,eaarehce signals until a
| ast the uplink reference signal transm ssion

ORRfArsHill hioeisld batfiguesdits transinitahgpIplink ddéd and to transmit the uplink
transm ssion and then di scontinues generating uplink

referer\ph%fa%'i : tgéﬁ&rﬁ?éosk@/ ﬁ}elunpallil-ﬁﬂ%igkﬂw%?geﬁ&‘éit@mﬁ%duﬂ’é. cl ai m 39

ere e uplink sig generati on nodul e conti nues

40. :EQQE@f#rﬁé&yiéﬁgpgnkogg&é%%?QNﬁérngaltﬁ‘e LUHHH( éelgtjwég\sbetqération module
continues to generate uplink reference signals until a last the uplink reference signal
transmission opportunities that occurs during uplink data transmission and then
discontinues generating uplink reference signals.
41.  The user equipment of claim 39 wherein the uplink signal generation module
continues to generate uplink reference signals until a last of the uplink reference signal
transmission opportunities that occurs during uplink data transmission or any associated
retransmissions and then discontinues generating uplink reference signals.
42.  The user equipment of claim 39 wherein the uplink signal generation module
continues to generate uplink reference signals until expiry of an inactivity timer.
43. A method comprising:

transmitting uplink reference signals from before an original data transmission until

completion of any retransmissions/HARQ processes that may follow.

44 A method comprising:
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transm ssi on opportunities that occurs during uplink
data transm ssion or any associ ated retransm ssi ons
w@paotksm di sconti nues generating uplink referp@yEs2009/037828

signals. 42. The user equi pnment of claim 39 wherein
t he uplink signal generation nodul e continues to
generate uplink reference signals until expiry of an
inactivity tinmer. 43. A nethod conpri sing:
t trangmitting wiglinkpIrefekencer sigpalsefrengbefoee traoamissiar ef @an original data
original data transm ssion until conpletion of any

transm &tsicangitil £emphstioARGhp raviciss eatd trahsmisgidnoaftervwhidd .uphnk reference
nmet hod conprising:transmtting uplink reference

signaf! teHHhfsdibQ e Qg{;gé(g transm ssion of an original data
transm ssion until conpletion of the original data

¢ 22 . ol i o _ _
| PRI B SRt R, s S5 RGN efrence sinals
retransm ssiops are necessary, restarting uplink :
transrpasgnenlgg%gq g ' ?qa‘,mg}ﬁsg%m oﬁngef%n't“ﬁ‘g until completion of the
retransm ssion and continuing until conpletion of the
retransgtisHieR AfteEVBIShaIR 3 tranAMissIBRS sterpAhi ssion is
st opped.
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