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SYSTEM AND METHOD FOR UPLINK TIMING SYNCHRONIZATION IN
CONJUNCTION WITH DISCONTINUOUS RECEPTION
RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application
No. 61/025,485 filed on February 1, 2008, which is hereby incorporated by reference in its
entirety.
FIELD OF APPLICATION
[0002] The application relates to uplink timing synchronization in a wireless
communication system.
BACKGROUND
[0003]  In traditional wireless telecommunications systems, transmission equipment in a
base station transmits signals throughout a geographical region kn‘own as a cell. As
technology has evolved, more advanced network access equipment has been introduced
that can provide services that were not possible previously. This advanced network
access equipment might include, for example, an enhanced node-B (eNB) rather than a
base station or other systems and devices that are more highly evolved than the equivalent
equipment in a traditional wireless telecommunications system. Such advanced or next
generation equipment is typically referred to as long-term evolution (LTE) equipment. For
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.




[0003]In traditional wreless telecomunications systenms, transmni ssion
equi pnent in a base station transmts signals throughout a geographi cal
region known as a cell. As technology has evol ved, nore advanced network
access equi pnent has been introduced that can provide services that were
not possible previously. This advanced network access equi pnent m ght

i nclude, for exanple, an enhanced node-B (eNB) rather than a base station
or other systens and devices that are nore highly evolved than the

equi val ent equipnent in a traditional wreless tel ecommuni cations system
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reference is now made to _
may not always have data to transmit.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] For a more complete understanding of this disclosure, reference is now made to
the following brief description, taken in connection with the accompanying drawings and
detailed description, wherein like reference numerals represent like parts.
[0007] Figure 1 is a schematic diagram of a cellular network according to an
embodiment of the disclosure;
[0008] Figure 2 is a schematic diagram of a cell in a cellular network according to an
embodiment of the disclosure;
f0009]  Figure 3 is a schematic diagram of a possible uplink transmission channel:

[0010]  Figure 4 is a signaling diagram between Network Access Equipment and a User

Equipment;



the follow ng brief description, taken in connection with the acconpanyi ng
drawi ngs and detail ed description, wherein |ike reference nuneral s

represent like parts. [0007]Figure 1 is a schematic diagramof a cellular
network according to an enbodi ment of the disclosure; [0008]Figure 2 is a
schematic diagramof a cell in a cellular network according to an

enbodi nent of the disclosure; [0009] Figure 3 is a schematic diagramof a
possi bl e uplink transm ssion channel; [0010]Figure 4 is a signaling diagram
bet ween Networ k Access Equi pnment and a User Equi pnent;

[0011]  Figure 5A is a timing diagram showing a first example of uplink timing reference
sighal timing having regard to discontinuous reception timing;
[0012] Figure 5B is a timing diagram showing a second example of uplink timing
reference signal timing having regard to discontinuous reception timing;
[0013] Figure BA is a flowchart corresponding to one UE embodiment:
[0014] Figure 6B is a flowchart corresponding o one network access eguipment
embodiment;
[0015]  Figure 7 is a diagram of a wireless communications system including a mobile
device operable for some of the various embodiments of the disclosure;
[0016] Figure 8 is a block diagram of a mobile device operable for some of the various
embodiments of the disclosure;
[0017]  Figure 9 is a block diagram of a software environment that may be implemented
on a mobile device operable for some of the various embodiments of the disclosure:
[0018] Figure 10 is a block diagram of an exemplary general purpose computer
according to one embodiment of the present disclosure;
[0019]  Figure 11 is an exemplary block diagram of modules in the User Equipment; and
[0020] Figure 12 is an exemplary block diagram of modules in the network access
equipment.

DETAILED DESCRIPTION
[0021] 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



[0011]Figure 5A is a timng diagramshowing a first exanple of uplink
timng reference signal timng having regard to di scontinuous reception
timng; [0012]Figure 5B is a timng diagram showi ng a second exanpl e of
uplink timng reference signal timng having regard to discontinuous
reception timng; [0013]Figure 6A is a flowhart corresponding to one UE
enbodi nent; [0014]Figure 6B is a flowhart corresponding to one network
access equi pnent enbodi nent; [0015]Figure 7 is a diagramof a wreless
comuni cations systemincluding a nobile device operable for sone of the

various SaREH-IRUHNST add P HLREhBESLillustrated and described herein, but may be

modified within the scope of the appended claims along with their full scope of equivalents.

[0022] Figure 1 illustrates an exemplary cellular network 100 according to an
embodiment of the disclosure. The cellular network 100 may include a plurality of cells
1024, 1025, 1023, 1024, 1025, 1026, 1027, 1025, 102¢, 10240, 10244, 10212, 10243, and 10214
(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 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 celtutar network 100.

[0023] 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
equipment 20 in each of the cells 102 perfarms functions similar to those of a traditional
base station. That is, the network access equipments 20 provide a radio link between the
UEs 10 and other components in a telecommunications network. While the network
access equipment 20 is shown only in cell 102,,, it should be understood that network
access equipment would be present in each of the cells 102. A central control 110 may
also be present in the cellular network 100 to oversee some of the wireless data

transmissions within the cells 102.



[0016] Figure 8 is a block diagramof a nobile device operable for sonme of
the various enbodi ments of the disclosure; [0017]Figure 9 is a block

di agram of a software environnment that may be inplenented on a nobile

devi ce operable for sone of the various enbodi nents of the disclosure;
[0018] Figure 10 is a block diagramof an exenplary general purpose conputer
according to one enbodi nent of the present disclosure; [0019]Figure 11 is
an exenplary bl ock diagram of nodules in the User Equipnent; and

[ 0020] Figure 12 is an exenplary bl ock diagram of nodules in the network

access e ™NEigure 2 depicts a more detailed view of the cell 10242, The network access
equipment 20 in cell 10212 may promote communication via a transmitting antenna 27
connected to a transmitter, a receiving antenna 29 connected to a receiver, andfor other
well known equipment.  Similar equipment might be present in the other cells 102. A
plurality of UEs 10 (104, 10b, 10c) are present in the cell 10245, as might be the case in the
other cells 102. In the present disclosure, the cellular systems or cells 102 are described
as engaged in certain activities, such as transmitting signals; however, as will be readily
apparent to one skilled in the art, these activites would in fact be conducted by
components comprising the cells.
[0025] In each cell, the transmissions from the network access equipment 20 to the
UEs 10 are referred to as downlink fransmissions, 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.
[0026] The format of an uplink channel is shown schematically in Figure 3. The uplink
channel is representative of a two dimensional time-frequency resource, in which
frequency is indicated along the vertical axis and time, in the form of OFDM symbols, slots,
sub-frames and frames are indicated on the horizontal axis. 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 201,
201,..., 2011y, 20140, collectively slots 201) is made up of seven orthogonal frequency

division multiplexed (OFDM) symbols 203. Two slots 201 make up a sub-frame 205 (sub-
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DETAI LED DESCRI PTI ON [ 0021]1t should be understood at the outset that

al though illustrative inplenentations of one or nore enbodi nents of the
present disclosure are provided bel ow, the disclosed systens and/or nethods
may be inpl enented using any nunber of techni ques, whether currently known
or in existence The disclosure should in no way be limted to the
~illustrative inplenentations, draw ngs, and techniques illustrated bel ow,

i ncluding the exenplary designs and inplenentations illustrated and

descri bed herein, but may be nodified within the scope of the appended
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access
bandwidth selected. The UE may also use every other sub-carrier in one or more multiple

frequency blocks. In the illustrated example, the SRS is shown in the first symbol 207 of
the sub-frame 205, and of sub-frame 201,5. The transmission of SRSs is based on the
time between subsequent SRS transmission by a single UE. Figure 3 also shows where in
time and frequency that the physical uplink control channel (PUCCH), which occurs on
control channel 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 F;UCCH 211 by the UE to the eNB to indicate whether a packet transmitted
from the eNB was received at that UE. A physical uplink shared channel (PUSCH) is used

to send user data.




equi pnment 20 in cell 10212 may pronote commrunication via a transmtting

antenna 27 connected to a transmtter, a receiving antenna 29 connected to
a receiver, and/or other well known equipnent. Simlar equipnment m ght be
present in the other cells 102. A plurality of UEs 10 (10a, 10b, 10c) are
present in the cell 10212, as mght be the case in the other cells 102. In
the present disclosure, the cellular systens or cells 102 are descri bed as
engaged in certain activities, such as transmtting signals; however, as

will be readily apparent to one skilled in the art, these activities would

in fact [p@28pndues eBoRydSLAPRIEMN the SR EtirRel &hheGR! ke?ner[t%%?ltsdofle{ﬁh@ﬁfés 10

cell, the transm ssions fromthe network access equi pnent

: si ons from the netvork rent 26 s

TES 10 (ot he o s b R o o LRI g 4 @

UEs 10 to the netvork acce: | TORIPARTE

cel Tl ar nacroch OO Vo KTERPE e SR ARSRATE JRKRSTIT Sk B /2 1
| I ul - . ' ' Vst ot h

Gevi ces. Rormul Bl BRI hBRLAS, FIRER S Son P o) 4 LU TS kE Py = nlied oo o

using t n rk 100. [0026] The format of an uplink channel is
shown smﬁuﬁt‘%@ﬁ%&ﬁ" igure 3. The uplink channel is representative of a

2l ong (HoPgdl 1 s bR ST et B b eerasi K5 ot nesvoet cess *

sub-fra , f s are_indicated on.the horizontal axis. The .
t r ansni g@ﬁ“%grgog(gﬁ%‘ﬂ% I%F:gar%f)%eqal%lﬂatﬁ :ﬂ?q BP'@ﬁtC?'SH’FﬁJ\HOHEj'HQ“S( Ry gnalyaings 5,
15, or 20 M—Iz%e I.n tpeég% nmai n, .the uplink is broken into franes,
sub- { r art e TorL NeIEE 155 (G BRssioe, HaUHINgIagrameot sianels spi between the 110,

20120, collectively slots 1) is de up, of seven orthogonal frequency

di vi si orP%?rﬁ‘iaﬁP%%ye%F%@?ﬂégé‘ﬁﬁm ﬁz‘@&s shown & fogurep 1in feig embgdinestishe r ame
205 (sub- . frames 2051, 2052,..., 205, collectively are sub-frames 205). A
frame i S1SWEE ICERTS IRIRet @OdBCtIbA S 1) Whea s sendsare bplink tinieg esference
details of ? sub-frame 205 may vary dependi ng upon the exact

i npl enert@td oFENSTHESIABI(ESW RESde SUPHN | Wie 05 @7 ouplicle dtiraing areferzaeep|signahl v .
The UE will transmt using a constant-anplitude and zero-autocorrel ation
(CAZAC) 'H§IUSHin Bstrddisn messege . ohbe URlinkaimingareferencss signal marsmisdign  The
denodul ati on (DM reference synbol (RS) is placed on the fourth synbol 209
of each IB$tpctiommessagsott’riory iskidaeny 20¢ of 8 vardy of inptringtions. Fereetampte; the
resource bl ock on the very outside edges of the frequency band. [0027]1n
some entEdVeEnRcsess eqoipenh §0r mberiestcet dhegikd 10 SRS)he simrn séfdened sighabe an
uplink timng reference signal transm ssion. SRS are nade avail able at the
begi nni n@nswissondpstofctienctessage 24 atvese2d3ha tichingsrelsrohensigerahahrsisay ef al

bl ocks of 12 sub-carriers (not individually shown) that correspond to the
sane fr eqeanstant batedwiid bbrstsdepeneinguirctee veReky oPthBEIFRY réiSeaBehd hatork Of

t hose frequency bl ocks dependi ng on the transm ssion bandw dth sel ect ed.
The UE remyess equipment@0eirya cddpenses 246, aas UESTO indy @BRd e fRing r8fetdrcBlstinal
frequency blocks. In the illustrated exanple, the SRS is shown in the first

synbol 2@nsofssiohe @ SREYEIN28&bradtde Oitrs Whe findiRtiail of el MenidrRNsRESSi on
a

of SRSs is based on the tine between subsequent SRS transm ssion by
si ngl e Wguipkiegwipee 3 al so shows where in tinme and frequency that the
physi cal uplink control channel (PUCCH), which occurs on control channel

211, i d. R Ly he P | _
i s [ed3pged. Candrdet t& 'cGHs?érl/é‘%aﬁ@f'ge%ovpédralﬁethb“UE the ngﬁayrc{}c?ﬁéelg tWIm-IARQ)

enbodi ment, "the systeminplenents a hybrid automatic reépeat

acknow exigeRmitious iagggﬁ}()l(eggﬁtlsﬁg%r%dgﬁ%ﬁttur mé%zegtﬁﬁ%%g?@nt%%&ﬁ% gr

NACK is sent on the PUCCH 21 UE to the e torndic

packet i ¢aASAI @@W&Ajeﬁ B\ @S &C&l t A Rhysi cal uplink

shared channel I:%PU |[s use%I to srenﬁ %Aé%rgdoc{gtbgﬁﬁk bléﬁa\’é and hakes 1
transmission to the UE during periods that the reception capability is on. An “On’ period

followed by an “Off’ period is a DRX cycle.



[ 0028] The above description of the uplink channel is one inplenentation of
an uplink channel It will be appreciated that other uplink channel
configurations may be used wherein an uplink timng reference signal
transm ssion (e.g., SRS) is sent during any portion of the uplink nessage,
not necessarily only at the beginning or end of a specified tine interval
(e.g., slot). [0029]In order to maintain uplink synchronization, it is
desirable for the network access equi pnment 20 (shown in Figure 1) to

cal cul ate the uplink channel conditions by analyzing signals sent fromthe

UE 10. 83H0SSHhRL €S} i i f .Sl S en rk
access e u?ﬁmn?ﬁgolnaggﬂﬁdé%%%g@mg oaﬁ{f@g%ﬁig ?Qéﬁlﬁ%ﬁﬁt hi':tsé?gﬁﬂg%\ﬁent,
t he net - Wels Last t.Sy b 1 ! end i nk
timing rorbedsEaTE SRRl FR ORKIGHE! Dr edon Tkl il BAREEI | ik
timng r r L.gRal transn ssj instruction ssage 241, The.upli nk
iming r 0 BHAD BE0R ehidRIRrETede [RMELE relTeitge Badn sRSTRiEPde
any one pf .a variety,of inpstryctions. Fo | e, the network access
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transm ssion instruction nessa 41 to send.the tjm ng reference signal
tr anam SongRued Fostfis B i Sosiie Sk i sl PORCHE Gt 1y of
the UE 10 rel {F\ti ve to the netvvo_ug access equipnent 20, In a response 243,
the UE IORE Llnd IRV RS WikPersiaries. & fieutnd pihenDss Pasl (e UE maws) i n
accordance with the instructions of the network access equi pnent 20.
[ 0030] | rFVPaFE0 Bl§eR GREBAING et R cpoigs¥ation. t he UE, the UE may operate with
di sconti nuous reception ( waypically, the UEw Il turn its reception
capabi | i ¥§S Jrangwission Dyring P m'hgeriedsi on. The network is aware of the
DRX behavi or and nmakes its transm ssion to the UE during periods that the
recept i dR0¥Hpabnia firpt pebgdimeny they\4E pdlt frarpnibtheobBE (hpragenarfly apemiidd is a
DRX cycle. [0031]DRX in Connected Mode will be configured by the network.
Part of ttwieg reference signal) only during DRX “On” periods. During DRX “Off” periods, the UE

does not transmit SRS. In some embediments, this involves signalling the UE to transmit

the SRS with a desired repetition period, and the UE transmitting the SRS for each

repetition period only if it occurs during a DRX “On” period. Depending on the alignment or

lack of alignment between the SRS repetition period and the DRX “On” periods, there may

or may not be SRS repetition periods for which no SRS is transmitted.  If the SRS is to be

transmitted during each and every SRS repetition period, this will require that the DRX

cycle be as frequent, or more frequent than the desired SRS repetition period.

[0033] Figure 5A shows a simple example of this where the SRS repetition period is a

multiple (in this case the multiple is two) of the DRX cycle. In addition, for the example of

Figure 5A the SRS is less frequent than the CQl. Indicated at 800 is DRX timing in which

there is a DRX cycle 802 that includes a DRX "On” Duration (indicated at 804) and a DRX

“Off" Duration. The receiver is alternately turned on for “On” periods having the DRX *On”

Duration and off for “Off’ periods having the DRX “Off’ Duration. Indicated at 810 is the

CQl timing. The CQl has a CQI period 812 that is aligned with the DRX cycle. Specifically,
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configuration is the setting of the DRX-cycle "On" Duration, inactivity
timers and HARQ tinmer. During the "On" periods (periods the receiver is on
each having a length specified by the "On Duration"), the UE will nonitor

t he PDCCH (packet data control channel) or configured resource for the
possi bl e downl i nk transm ssions. Wien a PDCCH i s decoded successfully, an
inactivity tinmer will be started. At the end of the "On" period, the UE may
go back to sleep according to the DRX configuration. SRS Transm ssi on
During DRX "On" Periods [0032]1n a first enbodinment, the UE vvi Il transmt
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and ever etition erLod Ll |rethat the DRX cycle be as
frequenthgl??%sf'ﬁ'sﬂo&fﬂrgﬁ CEHVE ftlhgk 9§ é’(ﬁ S repetition period.
[ 0033] Fi 5A shows a s e of this where the SRS repetition
beriod 1003y A'F'Sﬁrfbe %m'fxmi'ﬁ?etsc%i"l?w@kﬁautﬁ. SRR TR GTesPREVERK DR o.
In addition, for th 311*%:& of  Fi gure 5A the SRS is |l ess frequent than the
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i ncludes a DRX "On" Duration (|nd| cated at 804) and a DRX "Of' Durati on.
The receli@ament foy @l@?fﬁat éeJIEyS tithnkigh ovelaciy.  Enis Méra"@mafnéﬁ&goetnﬁd torbe " On"
Duration and off for "Of' periods having the DRX "Off' Duration. |ndicated
at 810 |%5*quléh%§jhaﬂsrﬁ“ﬁ@9r f"l'ﬂéﬂ‘@@RKﬁCla 2qnighpiche e casewhraths BRYIdygimésl wi t h
the DRX cycle. Specifically, the CQ is sent during the DRX "On" peri ods.
| ndi cat erfrtiguiaglydonds angver wham Hig SRS prgoShSs batamesmRstitidsrashoBRBiegto miakditB22.
In this case, the SRS period 822 is double the DRX cycle 802. As such, so
| ong as QfN@%HEcycl e durations are in place, the SRS can be sent at t he
desired SRS period during DRX "On" periods. SRS Transm ssion |Irrespective
of DRX "[0R35]Perkigite 5B shows an example of an SRS period that is smaller than the DRX

cycle. As discussed above, this situation may be more common when the UE moves to

the longer DRX cycles. If UL synchronization is to be maintained even during the longer

DRX cycle (for example the 640 ms DRX cycle), then the SRS needs to still be transmitted,

and depending on the mobility of the UE, it may need to be transmitted at a higher

frequency than the DRX cycle. With reference to Figure 5B, the DRX timing 800 and CQlI

timing 810 are the same as in Figure 5A. In this case, the SRS timing 820 has an SRS

period 840 that is half that of the CQI period 812, and that is shorter than the DRX cycle

802. In this case, the UE will need to tumn its transmitter on outside the normal DRX “On”

periods in order to be able to transmit all of the SRS transmissions.

Resource Release



[0034] I n sone enbodi nents, the UE nmakes its SRS transm ssion irrespective
of DRX in certain conditions. This is particularly appropriate in order to
maintain the uplink tine alignment for different UEE's with high velocity.
This will allow an SRS period to be established that is shorter than the
DRX cycl e as m ght be the case when the DRX cycle is particularly |ong,
and/ or when the SRS period has becone particularly short due to nobility of
the UE. [0035] Figure 5B shows an exanple of an SRS period that is snaller
than the DRX cycle. As discussed above, this situation my be nore comon

o e e T e G
i e
cvcl ), dleReits SSREeRnatf b is MRS o ARSI, Db

than th YA rence to Figure 5B, the DRX tim ng 800 and CQ
timng 8 a&)(rt%hgmgﬁgﬁetﬂgs%ﬁsﬁ Figure 5A. In this case, the SRS tim ng 820

chor tor IORA"t HESRBR ) RRimegs 9 Lokt Rl hd ot v ia FroRedn FEFemen 1S
tr anam toRienoRs e oRe B 18 Tar JE. ireeshieck thes 26B IS oabi Bl
O B v B LT Lo RS AT LR S8REio b B i
Crmbod: meFEs oo RIS (o PP GTHE, R9de:ComE e oyaR VB Rach: e
computes new uplink timing based on received SRS from the UE to instruct the UE how to
adjust its timing alignment. Once alignment has been lost, the UE will need to regain
alignment when it next needs to transmit.
[0038] In some embodiments, the uplink timing alignment timer is run by the network. I
no timing alignment update command has been sent within the period that the timer is
running, then the timer will expire, and it is assumed that alignment is lost. In this event,
some or all resources (e.g. CQl, SRS) allocated for UL communication are released. The
network will inform the UE of when the timer expires.
[0039] In another embodiment, the timer may run on the UE in which case the network
may inform the UE of the timer value. The timer is reset by the reception of a timing
alignment {TA) update command.
Sub-Frame Selection
[0040] For the example of Figure 5A, the CQl and SRS are both transmitted during
DRX “On” Durations, although not necessarily with the same frequency. In another
embodiment, to further save battery consumption, transmission of SRS and CQI is

configured to be in the same sub-frame whenever feasible. An example of this is shown in

Figure 3 where the CQIl 213 is sent in the same sub-frame 201, as the SRS 207. For the
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represents the anmount of tinme the UE is expected to be able to maintain
upl i nk synchronization, after which it can be assuned that the UE shoul d
not transmt on the UL. The network transmts a timng alignnment update
command to the UE each tine it conmputes new uplink timng based on received
SRS fromthe UE to instruct the UE howto adjust its timng alignnent. Once
al i gnnment has been lost, the UE will need to regain alignnment when it next
needs to transmt. [0038]1In sonme enbodi ments, the uplink timng alignnment
timer is run by the network. If no timng alignnent update comand has been

sent W tdhiy gmtlé‘Sf PialieO%h, ttﬂi@tﬁBnlﬁatfé %&b’l%fc{r léQ?x’gr?RS tt#éﬂ?rﬁfsg%ntéiﬂ@rthé\ﬁ él%s

expire, assure i ‘gnen event

all res OE&t ar | eased.
The net &”.ﬁr@@?a bfosabifine FCPbeod G afé eldhol p FUIRD 86 SR AT o6l her
enbodi t | ; I t.he case .t he network may
I nform t tredﬁﬂﬁtgéc{ ﬁ%% Q%é? s@g- %@e fclr gfy ?%Cpmgé?ﬁée %’{S"B? The reception of a
timng TA) .u d. Sub-Fra 040#5 he
exanpl ea[épgﬁ [}Peé%'ﬁ egﬁ)éﬁ n?sa?‘ig?%cﬁee W[S‘(?f g'lrli r?’é?ﬂ‘n’g'ﬂgl g[ﬂﬁ% " On
Dur ati on ind h pot. nec the s ne frequency. |n another
enbodi e [dcé}? ﬂ?’? rf@ﬁfa@&&eﬁﬁﬁf‘ﬁ é'SBSHBfJ d qq”&ﬂgjrﬁ)%sd rPugtiosrRs Ihind
is confi 0, b t he sane sub frarre whenever feasible. An exanpl e
O s L B d R B Llle, SAUS, UV ae Mgnover J e b, (A
b-fra 011 as the SRS 207. For the
s m(?)nzduratlons the CQ1 is allowed to be transm itted during DRX "On” durations and can be
- transmitted during periods that the transmitter has been turned on irrespective of DRX “On’

durations for the purpose of transmitting SRS.

[0042] The DTX (discontinuous transmission) periods do not necessarily align with the

DRX periods. Once the SRS and CQIl have been transmitted, the transmitter can be

turned off, even though the receiver may stilt be on.

Scheduling Request Timing

[0043]  Figures 5A and 5B also each show timing of scheduling requests (SR), generally

indicated at 830. A scheduling request is an indication sent by the UE to the base station

to request the UL resource. In some embodiments, the UE transmits scheduling requests

only during DRX “On" periods. In a further enhancement, the UE transmits scheduling

requests during a sub-frame that the transmitter is already on to transmit the CQlI, the SRS

or both. This can occur through network configuration of the UE, or at the initiative of the

UE. Data may be sent from the UE during the DRX “On” period.

Combination of Methods

[0044] In some embodiments, a combination of the above-described methods is

employed in which sometimes the UE only transmits SRS during DRX “On” periods,

referred to hereinafter as a first operational mode, and other times the UE transmits SRS
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exanpl.e of Figure 5A, this should be possible for every SRS transm ssion
since the SRS period is twice that of the CQ period. For the exanple of
Figure 5B, the SRS and CQ can be transmtted in the sane sub-franme for
every second SRS transm ssion. [0041]1n some enbodi ments, for the case _
where the UE is transmtting SRS only during DRX "On" durations, the CQ is
also only transmtted during DRX "On" durations. In sonme enbodi nents, for
the case where the UE is transmitting SRS irrespective of DRX "On"
durations, the CQ is allowed to be transmtted during DRX "On" durations

and can pRsheANS ¥ gred d bé}gjgr@:{e,:f%}ﬁezj Olﬁére{g@ﬁert 588S0:bL§ roPQrﬁﬁorpe? Fhodeur ned

i a
on irrespective of DRX "On the purpose of transmiting SRS.

i th the BT Shr I adere-oR B Bl e At E%@%Z%ﬁ%ﬁ%ﬁﬁﬁ%éﬁﬁ s O
Schodul | 5 Raoelh HUSE (loPERR o TR e el oibiwty of
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configuration of the UE, or at the initiative of the UE Data may be sent
from '? heref“)@"%ﬁnntﬁ'sir‘ﬁ‘gofbﬁ?@m dtl?e PREVPEd. TcHisingHEstion st tovepsiaies in the first

operational mode (yes path, block 6A-2), the UE operates in the first operational mode at
block 8A-3. If there are no instructions to operate in the first operational mode (no path,
block 8A-2), a subsequent decision involves determining whether there is an instruction to
operate in the second operational mode. If the instruction is to operate in the second
operational mode (yes path, block 8A-4), the UE operates in the second operational mode
at block 6A-5. More generally, in a first operational mode, the UE executes block 6A-3 and
in & second operational mode, the UE executes block 6A-5. The conditions for executing
the first or second operational mode may be as described above, or may be different. In
some implementations, only the first operational mode is provided, or only the.second
operational mode is provided.

[0045] A flowchart of such an embodiment from the network perspective is shown in
Figure 6B. In block 6B-1, the network determines whether the UE should operate in the
first operational mode or the second operational mode. This can be done as a function of
mobility of the UE and/or channel utilization to name a few examples. At block 6B-2, the
network sends an instruction to the UE to operate in the determined operational mode.
[0046] In order to carry out the above processes, the UE 10 comprises a processor

capable of performing the above process. For simplicity, the different functions have been
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[ 0044] I n sone enbodi nents, a conbi nation of the above-described nethods is
enpl oyed in which sonetines the UE only transmts SRS during DRX "On"
periods, referred to hereinafter as a first operational node, and ot her
times the UE transmits SRS irrespective of DRX "On" periods, referred to
herei nafteri as a second operational node. Figure 6A illustrates a flow
chart of a specific exanple of such a nethod for SRS transm ssion in a UE
10. The method of Figure 6A m ght be executed continuously, or when there
is a change in SRS period and/or DRX cycle for exanple. The SRS period nmay
change asoRer| BOC It BifRferfRodUidsy Thedd fddbies WISy SRSinfdiendNR Q¥pAS

change as a function of |evel of coﬁnunicaf?onsyactwiity |nvole+n5ﬂ?ﬁ% UE.
I'n bl ockoBéindn. FliRnerEtHe8E thi@ e a5t st i € fqtgﬁbe
instructP n ig to opérateq?n t%e f#rsthggébgﬁﬁéﬁg?khn é&($ﬁgk%%lﬁls l'ock
6A-2), t : er ' j .al i - - f
Cher & ar@ e SEE 1o esh dfctIdnaf PESiE: P HRcreP EGBhs BL AR VE Siknolo

e, DAY £ ISR O A

is an instructron to erate 1 e secon
i nstruct}j I ratge i he nd. _operati I de es th, ock
YR v S L R G T
general | i first operational node, the UE executes b 6A-3 and in a
second 0%8?'25‘% %rﬁ Ssﬁ%l@? Mraaer® @E‘@@ﬂfﬂ%én $15¢] 'Oﬁﬂ-'ﬁ?’d%ﬁ%{ %‘gﬁgﬁnﬁ'@fﬁ'(’f’or
execut i the first or seco gper ati onal node y be as described above,
or Sy, biheuPrpapBRion meddErAS: ABRERisRE dns SRETeG M RETING B SBSr BRTEha
node is'grovidﬁgﬂnor onlﬁ_the second operational node is provided. %3945]A
f I owcharB99H 1Q NaMessaghn AR FEIRMMaYAR MAduisdpiREPR tsdransavssianempdulg BE(AP i n
Figure 6B. In block 6B-1, the network determ nes whether the UE should .
oper at e $8R9ttAR SRS &1 2er05danceokt theodiesningling made hy 1hp detarmaaipn merrklle Thi s
can be done as a function of nmobility of the UE and/or channel utilization
to name 83f ew exanpl es. At bl ock 6B-2, the network sends an instruction to
the UE to operate in the determ ned operational node. [0046]In order to
carry ouP04fle dBosanprespleedimsntst Hiee (WE 10N8 oaprupdals timipg odigssent digpabie of
perform ng the above process. For sinplicity, the different functions have
been described above in which case the UE further comprises an uplink timing alignment timer

module 809. The timer is reset upon receipt of a timing alignment update message by the

receive module 801. If the timer expires, the UE releases the resource used for SRS

transmission by the transmission module 807. In other embodiments, rather than the UE

running a timer, the receive module 801 of the UE receives an instruction from the network

that indicates timing has been lost in which case the UE releases the resource used for

SRS transmission.

[0048] Referring now to Figure 12, the network access equipment 20 also comprises a

processor. The processor comprises a receive module 201, an evaluation module 903 and

a transmission module 905. Again, these modules are defined for simplicity, and may be

executed in software, hardware, firmware, or both. Additionally, these modules may be

stored in the same or different memories. The receiver module 901 receives SRS

messages, CQl and other signais from the UE. The evaluation module 903 evaluates an
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broken out into different nodul es. These nodul es may be inpl enented
separately or together. Further, these nodules may be inplenented in
har dwar e, software, or some conbination. Finally, these nodul es may reside
in different portions of the UE nmenory. As illustrated in Figure 11, the UE
processor conprises a receive nodule 801, a determ nation nodule 803, and a
transm ssi on nodul e 807. The receive nodul e 801 receives a nessage or
nmessages i ndicating an operational node for SRS transm ssion. The
determ nati on nodul e 803 determ nes the manner of transmtting the SRS
havi ng rggaandh - i Aty ' -
transnissiOAgﬁ%gBFZﬁg%@a%@Eg%ﬁﬁﬁﬁﬂg#gﬁggﬁﬁﬁégﬁﬁp%@ﬂ@tﬁ&fﬂ%??%goﬁ@ﬁawng
determ j . Ler m.nat | &= 8 ; 0

RLLRMCTRE Sy BeirUE HemAbbAt 55‘*@%% BRyorl QAEH) LRHROTR  The

enbodi nmen S an uplink tinrn i mer’ as

Cimer modst SRR o4 HBirabR SRyt Bdpa R bR
o1 oased B IIs beaid ri R YR TRRkbFicidn et (e iR 876 Moau o

807. In h .eﬁ)t} % nts, rather than the UE running a tinmer, the receive
nodul e 8%1”5@%'? eR Egecei ves an instruction fromthe network that

i ndi cat i.m ng has been lost ip which case the UE rel eases the resource
used § or0UE" 1 e TGRS Rt TGl SRINKITGRG Sl eReig: For k
access equi prent, 20 al sp, conprises a processor. The processor conprises a
recei ve Cﬂ“&&ﬂ@]@we '%W?‘@O?ﬂaﬁ {HRrORBRREr Er81e5 CamBrisestFuwRink dgtighalighaent 905.
Agai n, these mpdul es are defined for sinmplicity, and may be executed in
sof t war dM¥aMadRle £07t | Thdirer 1§ resrstuponArRNsMissHian Plya tinhag @ligppenteurdas be
stored in the same or different nmenories. The receiver nodule 901 receives
SRS nesdagERge &y thgdenshisionsngaide S0Py dm anreertpodimpat, \ihe digar erokesidne 903
eval uates an appropriate DRX period and a desired SRS period. This may for
exanpl e NEAWEIERENAK AN MFtrHelipartg theoUEHe releesatheyessurechesadeor 8RS trapisimission, of
the UE, and/or activity of the UE. The eval uati on nodul e determ nes an
appr opr i aidetheRBewolh giacs Eileaseb dhaviespurpavisad foe GRS traosmissioDRX behatheor and
SRS repetition period and instructs the transm ssion nodule 905 to signal
thi s to aemkodisEent] (O4% times cexpiresrbthei mefmtosk releesatk the résaunces uaed Upt ISRS
timng alignnment tinmer as

transmission without sending a message to the UE. In this second embodiment, the

network may have previously sent a timer value to the UE. Because the UE may have
used that timer value to start its own uplink alignment timer, the UE would not need a
message from the network informing the UE that the timer had expired and the SRS
resource is to be released.

[0050] Figure 7 illustrates a wireless communications systém 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 digital assistant (PDA), a portable computer, a tablet computer, or a laptop
computer. Many suitable devices combine some or all of these functions. In some

embodiments of the disclosure, the UE 10 is not a general purpose computing device like a
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descri bed above in which case the processor further conprises an uplink
timng alignment timer nodule 907. The tiner is reset upon transm ssion of
a timng alignnent update nessage by the transm ssion nodule 905. In one
enbodi ment, if the tiner expires, the network sends an instruction to the
UE to rel ease the resource used for SRS transm ssion, and the network al so
rel eases the resource used for SRS transm ssion. |In another enbodi nent, if
the tiner expires, the network rel eased the resource used for SRS

transm ssion without sending a nessage to the UE. In this second

embodi Mepértatiid)@ames BOLKIBIMPALE HRE RhEHS bxépééaﬁp@?&efwmﬁﬁéﬁieﬁiohe dieUiEe UE.

Because the UE nay have used that tiner value to art 1ts own uplin

al i gnengudd 826, mbhie HWendou! \grdiels ofl JTERFAOS ﬁd@rﬁrtme:%m Laher m ng

the UE that the tinmer had expired an resource 1S rel eased.
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handset,, a, pager PDA,, or a tel ecomruni cati ons device installed in a
veni ol ¢, K& RBANCT Y Dol ERLeS] RPPBRITE sy oard, Syt ea iR WER T Coysras

ot her co ing device. The UE 10 may support specialized activities such
as gani rfg,fél%tgeﬁ{‘ rSPILBHIE dYpes; & %6’%@!’3'8?'?' BT kewead withogjehabet letters
functions, and so ongq{ 0051] The UE 10 includes a display 402. The UE 10 al so
i ncl udes?SEOPBIFERYIELR i18RNPR® keypada cEhe PKikAYE ARay iBeiude Rdiack wheel, e esit or
generally referred as 404 for input by a user. The keyboard may be a full
or reduc%t?aa? B eskbelarhetheanavigaiionsl apigmeiienaliieys anhicAPERTHE inwadly
sequential types, or a traditional nuneric keypad with al phabet letters
associ ataprewsed tapiaxidefuwdias inasy fagtiorrhehe HEUO ey prasent dptiohs fbe the tseadk
wheel , an exit or escape key, a trackball, and other navigational or

f unct i orfglledkespstrolghioe theneserie achuate, dingl/adeprssss ed other jndiagtate fbutheheser itmput
function. The UE 10 may present options for the user to select, controls
for the d¥¢6t to actuate, and/or cursors or other indicators for the user to
direct. [0052] The UE 10 nmay further accept data entry fromthe user,

i ncl udi 1§0%RInbefre VB ) alaydurivearracoapst geta ambty drony eueserf Dcluapf mgndrago t he
operation of the UE 10. The UE 10 nmay further execute one or nore software
or firmdialerappbus paisoreder valusassioo serfidubing it op@BTIBNE5the TDESI®. apid UEaid ons
may configure the UE 10 to perform various custom zed functions in response
to user ray &rtet ierecutd\dde tdranadel softwidne oUW arRRpMeaiireGh 3BERshsaNe/ REr
configured over-the-air, for exanple froma w reless base station, a

Wi r el essoanmeagss. PTHedt, applications @faydontifure 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.

[0053] Among the various applications executable by the UE 10 are a web browser,
which enables the display 402 to show a web page. The web page may be obtained via

wireless communications with a wireless network access node, a cell tower, a peer UE 10,
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[ 0053] Anbng the various applications executable by the UE 10 are a web
browser, which enables the display 402 to show a web page. The web page may
be obtained via wirel ess conmunications with a wirel ess network access
node, a cell tower, a peer UE 10, or any other wrel ess conmuni cation
network or system 400. The network 400 is coupled to a wred network 408,
such as the Internet. Via the wireless link and the wired network, the UE
10 has access to information on various servers, such as a server 410. The
server 410 may provide content that nmay be shown on the display 402.

Al ter nat 6 ahy dther WA SIMMARNERADH rldhforl O WEkmARD T é;ﬁugp RRPE Kol

acting as an internediary, in a relay type or hop'ty Connect T on,

[0054] Fi g4 §ir8a HBAWSK 308! SRk oJiAdiARel @i@ﬁ%&ﬁrr@%s?ymEﬁ%ﬁe\/\ﬁ%oeﬁ%twﬁg{ known

conponents of UEs 10 are depicted, 1n an e a subset I'sted

h
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306, a ra By sifiac otk bdh kel arpe @%‘%Eﬁ%g%ﬁg%@&fﬁﬁ%@% sing
or an
:lepht /5(%8t pﬁta%s Pace (%%%’OOE%Hrog@B%' eceg lﬁﬁr@ﬂf"ﬂ%?ﬁ aggﬁte?rae %ryv L% er i al

bus (US short range wirel ess conmunication sub-system 524, an
al ert 55%;,88%6@%%0 %‘”esf“fﬂ quid crystal display (LCD), which may include

a touch tive su ce 53 n, LCD contyoller 532 a char ge-coupl ed
devi ce (@E%ﬁ '\Flfﬁ'rlg é?j}’owé ﬁg:?'r%&ad'@gmcﬂ Lé% ihile @I‘(ﬂﬁflﬁtyd%@@%ﬁm ng
t GPS S | n_an enmhodi nent, the UE 10 may i ncl ude anot her

E?/fndeg} (Ccﬂ gt‘ﬁé{ésdg%éfen@ﬁp'%%\}” 88 enlagdiRent esrbset Qfé%/% listad ﬁompﬁr(;%ms
enbodi nent, the DSP 502 may conmunicate directly with the nenory 504

wi t hout PRYiavgitepalsepwonsas nAblstedmey tie '”Cﬂﬂd@ﬂf”&&‘@ B 40. ThetH thieciodes 502
or sone other formof controller or central grocesm ng unit operates to

control 3 HERIHINGLROERTHIE HePR o%: andrrmemonn 594 At sbewarioe Uk thmeyfstneed

include an antenna and front end unit 506, a radio frequency (RF) 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.

[0055] The DSP 502 or some other form of controller or central processing unit
operates to control the various components of the UE 10 in accordance with embedded
software or firmware stored in memory 504 or stored in memory contained within the DSP

502 itself. In addition to the embedded software or firmware, the DSP 502 may execute
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software or firmvare stored in nmenory 504 or stored in nenory contained
within the DSP 502 itself. In addition to the enbedded software or
firmvare, the DSP 502 may execute ot her applications stored in the nmenory
504 or made available via information carrier nedia such as portabl e data
storage nedia |ike the renovable nenory card 520 or via wired or wirel ess
net wor Kk comruni cati ons. The application software may conprise a conpil ed
set of machi ne-readabl e instructions that configure the DSP 502 to provide
the desired functionality, or the application software may be hi gh-Ievel

sof t war eoth8ss bppihticHs stofedd @ P06 ' is0 i
i ndi rect?y coﬁgi gdre tshe DSP 502 | 0552? @}'ﬁgbg%ﬁgﬁiﬂ]a:&]im? chﬁt%%ﬁngéﬁaﬁft 506

my Dbe PiheliadRn!d SQRIR UaBUBED Mbdi2 iR o>l IRALBIeANAmBH Cl: 0B orignal s,

enabling the UE 10 to send and réceive information froma-ce ar network

or sone Qid&elor @M@Iés@bﬂﬁﬁ‘w ERRBnEATIEN $RL ia@ﬁ@peﬁgﬁ %&@E%m%w#?ﬁ%géeé UE

10. In an enbodi ment, e ant enna and Tront uni t

out put. (RN oee o e orEe 1P PR B et ARy e Brr oo B oo i

out put (M perations. ose
oper at i 0QS.; 0V 1 Lal. di versit i ch .can be used to overcone
di fficul ‘?gsérﬁgﬁ%’&m'\é%ﬂgic’? ?@ethéﬁdéﬁ)o\é‘rg"?“r’m"@i[eegéé%@rﬂﬁ?f@"e% W&%B‘a ructipps to
ant enna uni Jdncl.ude gntenna tuni / or inpedance
mat chi g e Eea o R RS i e e bS er ten R Sh 11 ore
[0057] T trganscejver 50 rovides .f uency shifting, converting
recei veg‘a&l%:]si gﬂgq éanle(gmﬁa%récﬁgﬁat &R Wn%@gtm%%ﬁag@ﬁgﬁgqpr%R%’ﬁf‘tb%ﬁ"@?&l s to
RF. In sone descriptions a radio transceiver or RF transceiver may be
Under st JBIFRT TR BRABRAISER SHRUBELEs HE T Insrmariregenes, bFpreation
nmodul ation/ denﬁlgul ation, codi n%decodi ng, .i nterl eavi ng/ dei nterl eavi ng,
spr eadi MFTUESHIEEARHYOTK HFeMeLhelavapahle wispleps apramupieriirnsnetwrari/or fem a
Fouri er tragﬁi%lm' ng gtlquT), cyclic prefix appendi ng/renoval, and ot her
signal pe5E&siGig It R EMbeHENentJhe @nienpa e Sent end &Nk B0Bymay elude seAtini i on
here separates the description of this signal processing fromthe RF and/or
radi o stHBRMETC EWRRAERSRA foymingl aseiiar srultitiainpst mtiblepued $MIMG) eperatiansanal og
baseband processi n% unit 510 and/or the DSP 502 or other central
pr ocessiAMySKAPYN 19 hose fellechipdide awnvIEIO theratensinay pewidespasidlivasitytiticrs of
the Antenna and Front End 506, and the anal og baseband processing unit 510
may be c@Rienésed i Qysecopte difiicalt phawes somiitiansi anel/arintreaseaginhelathicomhsyteci f i ¢
integrated circuits (ASICs).
The antenna and front end unit 508 may include antenna tuning and/or impedance
matching components, RF power amplifiers, and/or low noise amplifiers.
[0057] 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,
interieaving/deinterleaving, spreading/despreading, inverse fast Fourier transforming
(IFFT)ffast Fourier transforming (FFT), cyclic prefix appending/removal, and other signal
processing functions. For the purposes of clarity, the description here separates the
description of this signal processing from the RF and/or radio stage and conceptually

allocates that signal processing to the analog baseband processing unit 510 and/or the
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[ 0058] The anal og baseband processing unit 510 may provi de various anal og
processi ng of inputs and outputs, for exanple anal og processing of inputs
fromthe mcrophone 512 and the headset 516 and outputs to the earpiece 514
and the headset 516. To that end, the anal og baseband processing unit 510
may have ports for connecting to the built-in mcrophone 512 and the
ear pi ece speaker 514 that enable the UE 10 to be used as a cell phone. The
anal og baseband processing unit 510 nay further include a port for
connecting to a headset or other hands-free m crophone and speaker

conf i gur psp &2 ofbtherRBNPS PhAESHAG Ank! RESHSE BbNERenRL TP{r%Eéi@é’r %851 tal

digital -to-anal og conversion in one signal direction and anal og-to-

conver si Qiibd ke %H{%fuﬁ!a %ﬂd?ﬂ'r&ﬂ%nodéqegéhg% %r‘ué?oogs%ﬁ.f‘eb%ﬂl%fjdc%?élﬁﬁ ugifi‘t81 érgsste

some of the functionality of the ana aseband” processSi ng uni

D e Aoy ol o O8R581 find BIRARAAA Sl Bho/BEBRRIENY shlicTRfegréa O P

ot her cen processi ng uni

nmodul atial?/ ggg&%qeé tion, coding/decoding, interleaving/deinterleaving,
spreadi ng deshres ‘'ng, inverse fast Fourier transformng (IFFT)/fast

[ f ' [ f i i ng/ I d
i gnal pPRRECC TR Fhadd Heeo bRl efasfy AP TE T8 BTG nfcie oA n an
mbodi f ' de_di vi Si tipl ( CDMVA
Cechnol oyesssiia EhdFEle o, CUSER S PTIE iHice: BirceRubep 509° e 88 1 or m

nmodul ati on odi i nterl eavi and, spreadi ng, and for a receiver

functi oanFﬁP%Bgﬁr%gB?%\ﬁedlﬁ%&%@e% guiRHiFto tg%i%@f@?@%éﬁ Agd thrbeRessy, and
denodul 1]0nm I n anpt her enbodi nent, for exanple in an orthogonal
frequen&t’/ Gdi \A ERbE NG #7ieekbazebasd pracessing upibe HhBRy v pptts PaceRiectingr t he
transmtter function the DSP 502 may perform nodul ati on, coding,

i nt er | ed@ithg PUtHY sYearhons StEoand ke earpiRse éP?ﬁK‘?g?%ﬁ'@ﬁt@y‘éb'Edh%U%f 1&to be
appendi ng, and for a receiver function the DSP 502 may performcyclic
prefix ré&me\asia calipboneodhe apalpg RAsehaNdinieresaian wnis bl @ mayrgn h@mﬁa@porand
denodul ation. In other wirel ess technol ogy applications, yet other signal

pr ocessi Ay CONNRSHNG t aipdsein®i ather basdofres inerapheneosed speaker waoiigusatonmay be
performed by the DSP 502. [0060] The DSP 502 may conmunicate with a

wi r el essTheetn@pkbagehant prageasiog Lok 5¢h may pevdedgitalgownaliog Sboversion soome
enbodi nents, the comuni cation may provide Internet connectivity, enabling
a user tsgnghiditeciooens aralagentdigital convehsion imt tbe ropposingl sigpakdiredtiomd i o ve
e-mail or text nmessages. The input/output interface 518 interconnects the
DSP 502 eamobdiaentoust kestosdnes ofitted funtinfadityes’. thd keealvg nesgb & paieds dife unit
renmovabl e nmenory card 520 may provide software and data to configure the
oper at i difOahay he pRSRIHNS. digitad pmcebsing odrapbrates foraxabld hetheBBP Bo26F Bge 522
and the short range w rel ess communi cati on sub-system 524. The USB

i nt er f acsh&22ntraprbeesuimgdinit9. charge the UE 10 and may al so enabl e the UE 10
to function as a peripheral device to exchange information with a personal

conput er[0059]ot HEe CDSPULEOR SH4Y) eperidhe mb@mbtidrﬂcﬁ@ﬁod’wét@h?séocﬁﬁqmwﬁ on
sub-system 524 may include an infrared port, a Bluetooth interface, an | EEE

802. 11 qmepbavait/deihteReRaTy, | BpREHRGRIcsPeadRY, OhlERSe SRS t FEARICIMEHASS
comuni cati on sub-system which nay enable the UE 10 to conmuni cate

wi r el esgipFwrddh FRLRET tré}%%rﬁynm'g)?c%&i&@@ Wrﬂfng%h%bﬁ?ﬁg@%@%r?@% ons.

[0061] The input/output interface 518 may further connect _ to the
al ert 52foddiging Mﬁ&%;\&résﬂgéiét%@’w@@%ﬁesfs hemruriCatbfs PriRVArf EnBolitiehf &of © the

user, for exanple,
example in a code division multiple access (CDMA) technology application, for a

transmitter function the DSP 502 may perform modulation, coding, interleaving, and
spreading, and for a receiver function the DSP 502 may perform despreading,

deinterieaving, decoding, and demodulation. In another embodiment, for example in an
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ringing, playing a nmelody, or vibrating. The alert 526 may serve as a
mechani smfor alerting the user to any of various events such as an
incomng call, a new text nessage, and an appoi ntnent reninder by silently
vibrating, or by playing a specific pre-assigned nelody for a particular
caller. [0062] The keypad 528 couples to the DSP 502 via the interface 518
to provide one nechanism for the user to nake sel ections, enter
i nformation, and ot herw se provide input to the UE 10. The keyboard 528 may
be a full or reduced al phanuneric keyboard such as QAERTY, Dvorak, AZERTY
and Seql’cﬁﬂidgéﬁaltfb%‘ﬁéncWHiv@iotnrﬁghibleQ"@cew@[bM@Z%(dmgio tégpﬁécfmgﬁbl%f' et ters
put ncl ude

associated with a tel ephone keypad. The I ysS may a trac

wheel , qvﬁrﬁﬁhﬁer%mﬁsﬁﬁ%@m%W@ﬁ@muﬁﬁsmg&oﬁﬂ fﬁ?éf!eggihb,ﬁﬁ?%{séé)fas% out

functional keys, which may be in epresse togpr oV
¢ : . : ' : :
Y L A e L e ey
ot e B R T Al o, 40P, O O
i i,th th 1 Vi h | 1. :
' anot HETBBGE neht O’ srbless BsBRuRed oRalialibl et SR E0BRn BIoBG® ner
h Ch . Coupl.ed i b | d. Th S 538 i
coup! o P4TPHS RAECEBIHYG B THe Sy OBAF N JGTUPON sy b Sertaren giane Diher eby
enablin he UE 10 to determne its position. Various other peripherals may

al so be 11fcl uded to provide additional functions, e.g., radio and

t el evi si 8@@6 eception. [ 0064] Fi gure 9 illustrates a software environnment 602
that mayl®88li np Fe PUy e eCRamuBiate iR popreess oRiWaik eda dberanalegy
systemdrivers 604 that provide a platformfromwhich the rest of the

sof t war P35pR Kt BOCesIRg B'Fib?é@-i Ay Selfet RPeRiMeRtss thsoeerpneNicationdmay éravideor t he
wirel ess device hardware with standardi zed i nterfaces that are accessible
to appl ilB&MesSoTtivky enabiRg aoiRer 1A o9l asgeasdmeanienter thednternat landdo send

appl i cati on managenent services CAMS') 606 that transfer control between
appl i catangnfeceiua gl on toHanessages. AlhsoingHidmiput inteffges 818 intersoanewts ther owser
application 608, a nedia player application 610, and Java applets 612. The
web brovigdl Sgpindcugioss we@otehinguntedatdse Ui Tlermoryopt ane thes remowsble
browser, allowing a user to enter information into fornms and sel ect |inks

t 0 ret riresmornehry iSE( @b prowigiessofiflace apdidatanicagmfigamepihe cateration 6 Ghe @FA gur es
the UE 10 to retrieve and play audi o or audiovisual nedia. The Java applets
612 confa0gur&mohg theEintdfaces prayvbal thegdBBsintedted B2 @nd thodhott hange wireless
functionality. A conponent 614 m ght provide functionality related to the
present asednisatior 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
sub-system, which may enable the UE 10 to communicate wirelessly with other nearby
mobile devices and/or wireless base stations.

[0061] 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 to the user, for example, by

ringing, playing a melody, or vibrating. The alert 526 may serve as a mechanism for
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[ 0065] The UEs 10, ENBs 20, and central control 110 of Figure 1 and ot her
conponents that m ght be associated with the cells 102 may i ncl ude any
general - purpose conputer with sufficient processing power, menory
resources, and network throughput capability to handl e the necessary
wor kl oad pl aced upon it. Figure 10 illustrates a typical, general-purpose
conputer system 700 that nmay be suitable for inplenenting one or nore
enbodi ments di scl osed herein. The conputer system 700 includes a processor
720 (which may be referred to as a central processor unit or CPU) that is
in co Leat | it Ho[=\VA L nel idl r read
bR (L pis ,aﬂf%?wncﬂfs VRl 4k &%war@?@gﬁ, 4 @&P&%@BU{&%&

only nmenory andom access nenory , I nput /O

ol onor a2 RO R ERRREY S B L Bl AT T

typicall i . or nore disk drives or tape drives and is used
for nonfﬁgﬁgfﬁﬁgﬁgﬁggkﬁggo "data and as an over-flow data storage device if

RAM 730 4 ot rge h.to, hql d, al ing.data.. Se ary storage 750
may be JORE o R RGBNCR A B toin o g i bRieaR 98 Wbyt
prograns_are sel ected for executjon. The 740 is used to store .

instr uctmquané?ﬁh%ﬁg?%léﬁ tcagtage\ﬁﬁ‘egﬂorgr 3”@%@?8?%@@5@5‘?%’1’*&(@\93? iMPHt ROM
740 is on-vol at]| nory__devi ce ich typically has a small nenory
capaci t OEréef %Hél J\Pe t@%ﬁ?@%@rﬁ}grm%ﬁ%%%'@%fﬁse%%ﬂ %Ph FHESEYPRA S FUEaS The
RAM 730 | o store volatile data and perhaps to store _instructions.
Access t@%ﬁlﬁgéﬁﬁréﬁmww Fsueriial (megaPr ¢ traditiosal pyaara beadowitar y
storage 750. FOOG?] | /O devices 710 may include printers, video nonitors,
liqui d @R@bet lefipsprsspsialedorith) 2 telgphaned@yaath dhe iny seyscels deales a kagpads,
switches, dials, mce, track balls, voice recognizers, card readers, paper
t ape rea¥8el arpeXilArRSCARR Koy, ihbarkorthANd elaen ravigationd 8F fanatione thais. kwhich
connectivity devices 760 may take the form of nodens, nodem banks, ethernet
cards, unawées@wa@@rd%nrew toussyide fidrther doait danclion. swndther inputenéchasism t oken
ring cards, fiber distributed data interface (FDDI) cards, wreless |ocal
area netra@y ke (the AQD §30.dwhich aday indugiestostv screear ahpabiliiyharat also diispy iest on
mul ti pl e access (CDMA) and/ or gl obal system for nobile conmuni cati ons (GSM
radi o t randér girapicsda thisysean dhet.GBrcontrblleri&3gwouples ther RSE S0P tethe LTHRS20.
networ k connectivity 760 devices may enabl e the processor 720 to

comuni daeesiwi t Fhea@iCDntaenarat53dr if eugipped nemablésntheddie t19. to\Wakd digitalhpictureet wor k
connection, it is contenplated that the processor 720 m ght receive

i nf or matTherD$P GO2tdommerticutekwitlo thenCGOX cammdraB34ivid thiengdimiera coatréllee 588t Wor k in
the course of perform ng the above-descri bed nethod steps. Such

i nf or matdnother Winibldinhént O& teaimar & e ERinG etcaiing Beguedteriogl dinst theetdrHRge to be
execut ed usi ng processor 720, may be received fromand outputted to the

net wor K,CiupleceBeVigd €améras iy bempRiyed TREBRS ke 838iigalpicrRadt ebp n a
carrier wave. [0069] Such information, which may include data or
I NSt ructseens deBodieglelQPoBiENHE sPstem 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 recepiion.
[0064] Figure 9 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
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processor 720 for exanple, may be received fromand outputted to the
network, for exanple, in the formof a conputer data baseband signal or
signal enbodied in a carrier wave. The baseband signal or signal enbodi ed
in the carrier wave generated by the network connectivity 760 devices may
propagate in or on the surface of electrical conductors, in coaxial

cabl es, in waveguides, in optical nedia, for exanple optical fiber, or in
the air or free space. The information contained in the baseband signal or
signal enbedded in the carrier wave nay be ordered according to different

sequenceserviass MAWISE ede thatafamsiérotorfiol BefwaahOsRhsitieds %nrﬂﬁg%atfg{b ntg%t1laa
on. The

information or transmtting or receiving the informati aseband

si gnal OAls&isBB@h irPRBERALSre wbh Brdwiiet bBhlickRNEe0P A rﬂ%@?rg{a%¥g§§%ﬁggeﬁoﬂ &gl s

currently used or hereafter devel oped, referred to

transmi sghdlevEBsHOR 1Ry The M%B%%i‘;a&?ﬁﬁémﬂiéb% dofriGRUChR ECONg dpetil

known to one skilled in the art. € processo execut es

L LB oSSBT BEOSESTRer SN b Bk ARSI,

di sk, floppy disk, opt ese various di's Pall
be conside{Rd HEG4 age . 7o0). %gM 40. F or t n rk
connectivity devicesq%%d%b%%iﬁgegﬁ%%agn p%%@ggggp%ﬁggmﬁ§“§ﬁg&ﬁ}ﬁiiﬁf?pIe
process : r ) .6 Lpstructions y be disc as
Eecut od by 2 end B a b Rue kR B ey Bl el bedain IR 065 .
serially o I se..executed by _one or.nmultiple proce rs. [0071] RAN
and RANi”gﬁéeséﬂﬁéarg@m§€|%ﬁéd&P%yQQH%B”ﬂ erAicgﬁagﬁﬁgi%ingQP{Z¥OWde
respecti dio r 1 generally pertains to, but is not limted to,
t he physff\{'ﬁ%t?éhfa@gé?lat‘c?%aﬁ’g W%%né)g'isﬁ]f’@r'r?ace for UE, UTRAN (UMTS Terrestri al
Radi o A WO, v d RAN, and beyond and may cover both
f requen@ﬁéﬁv:\lﬁ@nﬁ%t}ﬁi géﬂ%%lﬂ%r a qeniral gPoyd; %Qalf’fdékgp@( 1( POB) osties of
radio interface. dio Layer 2 generally pertains to, but is not l[imted
to, r adiC(S’”?pr?Pg?tﬁa{E% MigkHbY sescsiale i Heorelie 08 e nclige paMigenerebpesosNt 1 Ol
(MAC), radio, link control (RLC) and packet data convergence protocol
(PDCP) , GHWUSi Wikt SUFCIBRt PIREeseNY BOWRs GURBRIYERPHIERS. parst betwiork Himdughput
strategies Q& Radi o Resource Managenment and the services provided by the
physi calC@Payilly 1 Hapgle thepecessary syatkload proeg usew ér &igusei o llustrates mstypinal RAN2
are considering configurations of CQ reports
general-plrpose computer system 700 that may be suitable for im plementing 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 710, and network connectivity
devices 760. The processor may be implemented as one or more CPU chips.
[0066] 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 iarge 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
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during DRX. The contributions are also considering what should happen to
signaling resources when timng alignnent is |lost on the uplink. These
contributions have not taken fully into consideration the role of sounding
reference signals (SRS) and scheduling request (SR) and schedul i ng
indicators (SRI). [0073]1t has been agreed in RANI that SRS periods wll be
2, 5, 10, 20, 40, 80, 160, 320 ns. SRS is used in support of CQ and uplink
timng estimation by a base station. RAN2 has introduced as a di scussion
poi nt how to operate CQ while a nobile has been configured for DRX

0074] | i i i i t il
l[Je co]nf Féﬁlr@ﬂ% RO B flchonPeadiRRe IR B8Ry %rg%ﬂwi&g%[éﬁgﬁgr cﬁ%e%p}"‘t he

by the eNB. Part of the configuration etting o

DRX- cycl foragl” 1" RAMCT0 1sN@&dd 14 $¥rel VRIS dBR0ar B IR std insidctidis, " O
g or t

Duration, UE wll nonitor the PDCCH or configured resource e possi bl e
imer w1 ToRe ot T 74 S A RS (e R e RS Sor A PR Vo
of 1 ong TSy A& UekieEs TB Y A Brnle e s R v S e an
second BuPSF R heph u T ReT R Cias o tcRe S Lok, 3RS ok SR, s
o O S Sl b s BT Db S T AR W s € e
oss. | AOPRE UnGynERB Sy SeiEs 16D Hat iekenberien o R, moderr
(e 0. 3T ofe Be PG o Vet Ser Ty () TSGR HR8eb MBIECBY. (P,

This is | ess than Seve%!%;" of .the shorter cles. Synchronization is to

DRX |
be mai nt"SOnEY AP+ Tagy dSHIOHSE BRtanEHRESR ol ODY} ég%/dé: tviredess| lpgal. 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,

[0069]  Such information, which may include data or instructions to be executed using
processor 720 for exarhple, may be received from and outputted to the network, for
example, in the form of a computer data baseband signal or signal embodied in a carrier
wave. The baseband signal or signal embodied in the carrier wave generated by the

network connectivity 760 devices may propagate in or on the surface of electrical
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[0076] I n sone enbodi nents, the UE will transmit the SRS during the
appropriate "On" Duration. In the "Of' Duration, the UE may not transmt
SRS. Furthernore, to sinplify the procedure by avoiding frequent

reassi gnnment or release, the SRS resource should not be rel eased when the
UE is not transmtting the SRS. In sone enbodi nents, the SRS resource is
only rel eased when an uplink timng alignnent tinmer expires. [0077]1n sone
enbodi ments, the UE transnmits the SRS during the DRX "On" Duration, and SRS
transm ssions may be stopped during the off duration. The resource for the

SRS is n@inglLatbresh Sitkidngatibe [Wév@gi'lfhése'ir%iﬁﬁ‘cg! R, PeRarhpe dg,néémbert bp\ ng

alignment tiner has expired. [0078 sone enbodi nents, as a natter

Saving DRLHEIar BOWRE: sdbBNSThe HBindtion TRt Mineobatibah sﬁﬂﬁ\l f Bignal

sub-frane whenever feasi In order to naln

al i gn”e”ém&ﬂ:fde i Tyl Eé]'herugﬂze magrbéwlgigréﬁeé&%h}lﬁ( t @ﬁer%ﬁ%é@ﬁﬁg&b la@:dm%ygi 0

configure t UE for t nsm ssi on |rre ec cer

conc L 85l AL 8RB SUREb T A0 BSLEY b By it

0 e, e RS I B R, S

's less tpﬁgsq%‘?nélgrwg cucr:rgntly used or hereafter developed, referred to herein as the
transmission medium, may be generated according to several methods well known to one
skilled in the art.
[0070] 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,
[0071] RAN1 and RAN2 are standards related to Radio Layer 1 and Radio Layer 2,
respectively. Radio Layer 1 generally pertains to, but is not limited to, the physical layer of
the radio interface for UE, UTRAN (UMTS Terrestrial Radio Access Network), Evolved
UTRAN, and beyond and may cover both frequency divisional duplex (FDD) and time
divisional duplex (TDD) modes of radio interface. Radio Layer 2 generally pertains to, but is
not limited to, radio interface architecture and protocols such as media access control
(MAC), radio link control (RLC) and packet data convergence protocol (PDCP),
specification of the Radio Resource Controf protocol, and strategies of Radio Resource

Management and the services provided by the physical layer to the upper layers).
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Fi gure 5B shows the opposite case. In Figure 5B the eNB sel ects an SRS
transm ssion periodicity that is smaller than the DRX cycle. This situation
will be nore conmon when the UE noves to the |onger DRX cycles. If UL
synchroni zati on nust be maintai ned even during the | onger DRX cycle, for
exanple 640 ns or nore, then the SRS is transmtted. [0081]In sone

enbodi nents, nethods and devi ces described herein are for use in long term
evolution (LTE) networks. However, the devices and net hods described herein
are not intended to be limted to only LTE networks. In sone enbodi nents,
the met hpdgapndsepyhiceminiions ReRANS ekd capﬁg%d&mgysa&iﬁn%h%foﬂ eé%s&s of

communi cati on networks. [0082] Wil e severa I me ave been provided

Syst o, D hod e lhn TP IR RSt Rl RS iR Pl O R

exal oy eps WiEn TRl HicphnorE RABn FELEME TRke %éf}t%@ioﬁ% Ferf *%&%l@e{‘he
the- var i ot TiPekersRergioh kLR of SAgRE Rl ¥iPaR R i s Bot her
system orregfﬁggstggggﬁégeg%hérggy@ﬁﬁﬁgg§ﬁg ted, or not inplenented. [0083]Al so,

t echni que : hods described and illustrated in

leah gl ] |
e BT TRA  B L FELORRA Dt O B

[ : di scl os L Ok it V r
depart | QTSI SSobe oL Lhe Prafent, dlclosi e Lhert Lors shows or
ey, be | BglE Sl oL o o5 Comn cotLno Licough sore Tt enface, device

ot herwi se. O her exanpl es of changes, substitutions, and alterations are
ascert ai ?P&‘Bglgegxﬁord?é(ski lled in the art and coul d be made without departing

fromthe sgl)i rit and scope disclosed herein. CLAlI M5 _
[0074] In some embodiments, as described above, DRX in Connected Mode will be

configured by the eNB. Part of the configuration is the setting of the DRX-cycle “On’
Duration, inactivity timers and HARQ timer. During the “On” Duration, UE will monitor the
PDCCH or configured resource for the possible downlink transmissions. When a PDCCH is
decoded successfully, an inactivity timer will be started. At the end of the active period, UE
may go back to sleep according to the configurations.

[0075] In some embodiments, a length of long DRX cycle is a determiner in how to
allow the UE to move into an unsynchronized state. It is conceivable that a DRX cycle
greater than 1 second could lead to loss of UL synchronization. At such a point, all SRS
and CQI transmissions on the UL should be terminated and the UE should access the
random access channel (RACH) whenever data needs to flow in the UL. In some
embodiments, mobility has a direct impact on UL synchronization loss. If the
unsynchronized state has not been entered, the SRS transmission must continue as

needed. Under modest mobility conditions (e.g. 30 kilometers/hour), the SRS period may
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1. A nethod of uplink timng reference signal transmssion in a user

equi pnent conpri si ng: controlling the user equipment to have a

di sconti nuous reception (DRX) cycle; and refraining from
transmtting uplink timng reference signal transm ssions when the DRX
cycle is configured and when not in an active time. 2. The nethod of claim
1, wherein at least one timng reference signal of the uplink timng
reference signal transnmissions is a sounding reference signal (SRS). 3.
The nethod of claim1l or claim2, wherein the user equipnent is part of a
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Duration. In the “Off” Duration, the UE may not tfransmit SRS. Furthermore, to simplify the
procedure by avoiding frequent reassignment or release, the SRS resource should not be
released when the UE is not transmitting the SRS. In some embodiments, the SRS
resource is only released when an uplink timing alignment timer expires.

[0077]  In some embodiments, the UE transmits the SRS during the DRX “On” Duration,
and SRS transmissions may be stopped during the off duration. The resource for the SRS
is maintained during the DRX and released only when the uplink timing alignment timer
has expired.

[0078]  In some embodiments, as a matter of saving battery power, transmission of SRS
and CQI occur in the same sub-frame whenever feasible. Also, in order to maintain the
uplink time alignment for different UE’s with high velocity, the eNB is enabled to configure
the UE for the SRS transmission irespective of DRX in certain conditions.

[0079] In some embodiments, transmission of SRS and CQl is in the same sub-frame
whenever feasible to save UE’s battery power. To maintain uplink timing alignment, the
eNB configures the UE to transmit SRS irrespective of the DRX.

[0080] Figure 5A shows the case when the SRS period is less frequent than CQlI.
Figure 5B shows the opposite case. In Figure 5B the eNB selects an SRS transmission
periodicity that is smaller than the DRX cycle. This situation will be more common when the
UE moves to the longer DRX cycles. If UL synchronization must be maintained even during

the longer DRX cycle, for example 640 ms or more, then the SRS is transmitted.
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mai ntai ning the transm ssion resource during both active tine and _
non-active tine. 6. The nethod of claim1; wherein the active tine
occurs during a connected node of the user equipment. 7. The method of
any one of claims 1 to 6 further conprising: transmtting a scheduling
request only during an active tinme. 8. The nethod of claim11, wherein the
user equi pment nmonitors a packet data control channel (PSDCCH). 9. The
nmet hod of any one of clainms 1 to 6 further conpri sing:
[0081] In some embodiments, methods and devices described herein are for use in
tong term evolution (LTE) networks. However, the devices and methods described herein
are not intended to be limited to only LTE networks. In some embodiments, the methods
and devices described herein are for use with other types of communication networks.
[0082] While several embodiments have been provided in the present disclosure, it
should be understood that the disclosed systems and methods may be embadied 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
intention is not to be limited to the details given herein. For example, the various elements
or components may be combined or integrated in another system or certain features may
be omitted, or not implemented.
[0083] Also, techniques, systems, subsystems and methods described and illustrated in |
the various embodiments as discrete or separate may be combined or integrated with other
systems, modules, techniques, or methods without departing from the scope of the present
disclosure.  Other items shown or discussed as coupled or directly coupled or
communicating with each other may be indirectly coupled or communicating through some
interface, device, or intermediate component, whether electrically, mechanically, or
otherwise. Other examples of changes, substitutions, and alterations are ascertainable by

one skilled in the art and could be made without departing from the spirit and scope

disclosed herein.
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transmtting channel quality indicator (CQ) transm ssions and an uplink
timng reference signal transm ssion in a sane sub-franme during an active
time. 10. A user equipnent conprising: a receiver; and a processor
configured to: control the receiver to have a discontinuous reception (DRX)
cycle; and refrain fro g tting uplink timng reference
signal transm ssions when the DRX cycle I's configured and when not in an
active time. 11. The user equi pnent of claim 10, wherein the user

equi pnent is part of a long termevolution (LTE) network. 12. A network
access equi pnent conprising a processor configured to:

1. A method of uplink timing reference signat transmission in a user equipment
comprising:

controlling the user equipment fo have a discontinuous reception (DRX)
cycle; and

refraining from transmitting uplink timing reference signal transmissions
when the DRX cycle is configured and when not in an acfive time.
2. The method of claim 1, wherein at least one timing reference signal of the
uplink timing reference signal transmissions is a sounding reference signal (SRS).
3. The method of claim 1 or claim 2, wherein the user equipment is part of a
long term evolution (LTE) netwark.
4. The method of any one of ¢claims 1 to 3 further comprising:

refraining from trz_-msmi’cting channel quality indictor (CQI) transmissions
when not in active fime.
5. The methad of any one of claims 1 to 4 further comprising:

using a transmission resource to transmit the uplink timing reference signal
fransmissions; and

maintaining the transmission resource during both active time and non-
active time.
8. The method of ¢claim 1:

%erein the active time occurs during a connected mode of the user

equipment.
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send control information to a user equi pnent conprising a receiver, the
control information to configure the user equipnent to control the receiver
to have a discontinuous reception (DRX) cycle; and send contr ol
information to the user equipnent to configure the user equipnent to
refrain fromtransmtting uplink timng reference signal transm ssions when
the DRX cycle is configured and when not in an active tine 13. The
net work access equi pnent of claim 12, wherein the network access equi pnent
is part of_a long termevolution (LTE) network. 14. The network access
equi prent 6f clemethod ahanvene efiidaime thie Sfudhsreompegingprent is furt her
configured to: __send control information to the user equipnent to
configure the Jdswsmiding dacheduling fegirestionlyf dwingtanactve timeng channel qual ity
indictor (M) transm ssions when not in active tine.
8. The method of claim 1, wherein the user equipment monitors a packet data
control channel (PSDCCH).
9. The method of any one of claims 1 to 6 further comprising:
transmitting channel quality indicator (CQI) transmissions and an uplink
timing reference signal transmission in a same sub-frame during an active time.
10. A user equipment comprising:
a receiver; and
a processor configured {o;
control the receiver to have a discontinuous reception (DRX) cycle;

and
refrain from fransmitting uplink timing reference signal transmissions

when the DRX cycle is configured and when not in an active time.
11.  The user equipment of claim 10, wherein the user equipment is part of a
long term evolution (LTE) network.
12. A neiwork access equipment comprising a processor configured to:

send control information to a user equipment comptrising a receiver, the
control information 1o configure the user equipment to control the receiver to have
a discontinuous reception (DRX) cycle; and

send control information to the user equipment to configure the user
equipmenf to refrain from transmitting uplink timing reference signal transmissions

when the DRX cycle is configured and when not in an active time.
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13. The neiwork access equipment of claim 12, wherein the network access
equipment is part of a long term evolution iLTE) network,
14.  The network access equipment of claim 12, wherein the networkraccess
equipment is further configured to:

send control information to the user equipment to configure the user
equipment to refraln from transmitting channel quality indictor (CQl) transmissions

when not in active time.
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