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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provi-
sional Patent Application No. 61/504,054, entitled "Meth-
od and Apparatus for LTE" filed on July 1, 2011, the con-
tent of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to
wireless communications. More particularly, the present
disclosure relates to user equipment initiated operations
within wireless communication systems.

BACKGROUND

[0003] Devices operating within a wireless data com-
munications network expend significant power to receive
instructions and data and perform associated signal
processing. As wireless data communications networks
increase data rates, the power consumption of devices
is also increasing. For mobile devices, which are typically
powered by a limited power source in the form of batter-
ies, a design goal is to achieve battery power conserva-
tion without adversely affecting active operation require-
ments.

[0004] One way for devices to conserve power (and
reduce signaling overhead) in current 3rd Generation
Partnership Project (3GPP) long term evolution
(LTE)-Advanced systems is to implement discontinuous
reception (DRX) operation. DRX operation involves re-
ducing the transceiver duty cycle of the device. An en-
hanced node B (eNodeB) within a 3GPP-LTE system
instructs one or more devices within its serving area to
initiate DRX operation based on meeting a pre-deter-
mined inactivity timer value specified by the eNodeB. The
eNodeB also instructs the device(s) as to a particular
DRX duty cycle (e.g., when a device should be "on" to
receive scheduling and paging information and/or data,
and when the device should be "off to conserve power
usage). Only the eNodeB can initiate DRX operation.
Current 3 GPP LTE- Advanced systems do not support
initiation of DRX operation by user equipment (UE) de-
vices.

[0005] BONTU C ET AL: "DRX mechanism for power
saving in LTE", IEEE COMMUNICATIONS MAGAZINE,
IEEE SERVICE CENTER, PISCATAWAY, US, vol. 47,
no. 6, 1 June 2009 (2009-06-01), pages 48-55, ISSN:
0163-6804, DOI: 10.1109 / MCOM.2009.5116800 de-
scribes a DRX Mechanism for pour saving in LTE.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]
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FIG. 1 illustrates an example (portion) of a wireless
communications network according to some embod-
iments.

FIG. 2illustrates an example block diagram showing
details of the eNodeB and any of the UEs according
to some embodiments.

FIG. 3illustrates at least a portion of a protocol stack
associated with an UE according to some embodi-
ments.

FIG. 4 illustrates an example flow diagram for an UE
to initiate DRX operation based on application oper-
ation information according to some embodiments.

FIG. 5 illustrates an example timing diagram for UE
initiation of DRX operation using RRC signaling ac-
cording to some embodiments.

DETAILED DESCRIPTION

[0007] The following description is presented to enable
any person skilled in the art to create and use a computer
system configuration and related method and article of
manufacture to determine and initiate discontinuous re-
ception (DRX) operation by a user equipment (UE) op-
erating in a wireless communications network. The pro-
tocol stack of the UE includes new components to identify
inactivity trigger events associated with applications run-
ning on the UE and/or device characteristics of the UE
(non-access stratum (NAS) parameters), facilitate ac-
cess to the inactivity trigger events by a radio resource
control/medium access control (RRC/MAC) layer, and
for the RRC/MAC layer to determine whether to initiate
DRX operation (and optionally, to select a particular DRX
duty cycle or other DRX parameters). The UE signals
intent to trigger DRX operation to its associated eNodeB
using radio resource control (RRC) signaling included in
radio frame(s), and in response to receiving confirmation
from the eNodeB, switches to DRX mode. Hence, UE
achieves power savings, reduces battery consumption,
and/or reduction in signaling overhead over the air inter-
face from smart idle mode implementation. The UE sug-
gests one ormore DRX parameters to the eNodeB based
on its actual operating state and/or device characteris-
tics.

[0008] Various modifications to the embodiments will
be readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to other
embodiments and applications without departing from
the scope of the invention. Moreover, in the following
description, numerous details are set forth for the pur-
pose of explanation. However, one of ordinary skill in the
art will realize that embodiments of the invention may be
practiced without the use of these specific details. In other
instances, well-known structures and processes are not
shown in block diagram form in order not to obscure the
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description of the embodiments of the invention with un-
necessary detail. Thus, the present disclosure is not in-
tended to be limited to the embodiments shown, but is
to be accorded the widest scope consistent with the prin-
ciples and features disclosed herein.

[0009] FIG. 1illustrates an example (portion) of a wire-
less communications network 100 according to some
embodiments. The wireless communications network
100 includes an enhanced Node B (eNodeB or eNB) 102
and a plurality of user equipments (UEs) 110. In one em-
bodiment, the wireless communications network 100
comprises an evolved universal terrestrial radio access
network (EUTRAN) using the 3rd Generation Partnership
Project (3GPP) long term evolution (LTE) standard op-
erating in time division duplex (TDD) mode. In another
embodiment, the wireless communications network 100
comprises a EUTRAN using the 3GPP-LTE standard op-
erating in frequency division duplex (FDD) mode. In still
other embodiments, the wireless communications net-
work 100 can be a Wi-Fi network, a WiMax network, a
3rd generation (3G) network, and other wireless data
communications networks.

[0010] The eNodeB 102 (also referred to as a base
station) serves a certain geographic area, denoted as a
cell 104. The UEs 110 located within the cell 104 are
served by the eNodeB 102. The eNodeB 102 communi-
cates with the UEs 110 on a first carrier frequency 106
(F1) (e.g., the primary carrier component) and optionally,
one or more secondary carrier frequencies, such as a
second carrier frequency 108 (F2) (e.g., the secondary
carrier component). For ease of illustration, only a single
eNodeB is shown in FIG. 1. However, it is understood
that the wireless communications network 100 includes
more than one eNodeB, each of the eNodeBs serving a
particular cellwhich may or may not neighbor the eNodeB
102.

[0011] The UEs 110 may comprise a variety of devices
including, but not limited to, cellular telephones, smart
phones, tablets, laptops, desktops, personal computers,
servers, personal digital assistants (PDAs), web appli-
ances, set-top box (STB), a network router, switch or
bridge, and the like. One or more UEs 110 may move
into or out of the cell 104 at any given time.

[0012] FIG. 2 illustrates an example block diagram
showing details of the eNodeB 102 and any of the UEs
110 according to some embodiments. The eNodeB
102/UE 110 includes a processor 202, a memory 204, a
transceiver 206, instructions 208, and other components
(not shown). The processor 202 comprises one or more
central processing units (CPUs), graphics processing
units (GPUs), or both. The processor 202 is configured
to provide processing and control functionalities for the
eNodeB 102/UE 110. The memory 204 comprises one
or more transient and static memory units configured to
store instructions, data, setting information, and the like
for the eNodeB 102/UE 110. The transceiver 206 com-
prises one or more transceivers configured to receive
uplink receptions and transmit downlink transmissions
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between the eNodeB 102 and the UEs 110 within range
of the eNodeB 102. The transceiver 206 includes one or
more multiple-input and multiple-output (MIMO) antenna
to support MIMO communications. In some MIMO em-
bodiments, the antennas may be effectively separated
to take advantage of spatial diversity and the different
channel characteristics that may result between each of
antennas and the antennas of a transmitting station. In
some MIMO embodiments, the antennas may be sepa-
rated by up to 1/10 of a wavelength or more.

[0013] The instructions 208 comprises one or more
sets of instructions or software executed on a computing
device (or machine) to cause such computing device (or
machine) to perform any of the methodologies discussed
herein. The instructions 208 (also referred to as compu-
ter-readable instructions, machine-readable instruc-
tions, modules, components, or apps) may reside, com-
pletely or at least partially, within the processor 202
and/or memory 204 during execution thereof. The proc-
essor 202 and memory 204 also comprise machine-read-
able media. In one embodiment, the processor 202 is
configured to execute the instructions 208 to facilitate
operations associated with initiating discontinuous re-
ception (DRX) operation by one or more UEs 110, as
described in detail below.

[0014] Although the eNodeB 102/UE 110 is illustrated
as having several separate functional elements, one or
more of the functional elements may be combined and
may be implemented by combinations of software-con-
figured elements, such as processing elements including
digital signal processors (DSPs), and/or other hardware
elements. For example, some elements may comprise
one or more microprocessors, DSPs, application specific
integrated circuits (ASICs), radio-frequency integrated
circuits (RFICs) and combinations of various hardware
and logic circuitry for performing at least the functions
described herein. In some embodiments, the functional
elements may refer to one or more processes operating
on one or more processing elements.

[0015] Embodiments may be implemented in one or a
combination of hardware, firmware and software. Em-
bodiments may also be implemented as instructions
stored on a computer-readable storage medium, which
may be read and executed by at least one processor to
perform the operations described herein. A computer-
readable storage medium may include any non-transitory
mechanism for storing information in a form readable by
amachine (e.g., a computer). For example, a computer-
readable storage medium may include read-only mem-
ory (ROM), random-access memory (RAM), magnetic
disk storage media, optical storage media, flash-memory
devices, and other storage devices and media. In these
embodiments, one or more processors of the UE 110
may be configured with the instructions to perform the
operations described herein.

[0016] Insome embodiments,the UE 110 may be con-
figured to receive Orthogonal Frequency Division Multi-
plex (OFDM) communication signals over a multicarrier
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communication channel in accordance with an OFDMA
communication technique. In some embodiments, the
OFDMA technique may be either a frequency domain
duplexing (FDD) technique that uses different uplink and
downlink spectrum or a time domain duplexing (TDD)
technique that uses the same spectrum for uplink and
downlink. The OFDM signals may comprise a plurality of
orthogonal subcarriers. In some broadband multicarrier
embodiments, eNodeB 102 may be part of a broadband
wireless access (BWA) network communication network,
such as a Worldwide Interoperability for Microwave Ac-
cess (WiMAX) communication network or a 3rd Gener-
ation Partnership Project (3GPP) Universal Terrestrial
Radio Access Network (UTRAN) Long-Term-Evolution
(LTE) or a Long-Term-Evolution (LTE) communication
network, although the scope of the invention is not limited
in this respect. In these broadband multicarrier embodi-
ments, the UE 110 and the eNodeB 102 may be config-
ured to communicate in accordance with an orthogonal
frequency division multiple access (OFDMA) technique.
The UTRAN LTE standards include the 3rd Generation
Partnership Project (3GPP) standards for UTRAN-LTE,
Release 8, March 2008, and Release 10, December
2010, including variations and evolutions thereof.
[0017] The UEs 110 located in the cell 104 transmit
datatothe eNodeB 102 (uplink transmission) and receive
data from the eNodeB 102 (downlink transmission) using
radio frames comprising Orthogonal Frequency-Division
Multiple Access (OFDMA) frames configured for TDD op-
erations or FDD operations. Each of the radio frames
comprises a plurality of uplink and downlink subframes,
the uplink and downlink subframes configured in accord-
ance with the uplink-downlink ratio configuration selected
from among the supported uplink-downlink ratio config-
urations. (See 3GPP TS 36.211Version 9.1.0, E-UTRA
Physical Channels and Modulation (Release 9), March
2010.)

[0018] FIG. 3 illustrates at least a portion of a protocol
stack associated with each UE 110 according to some
embodiments. The protocol stack of each of the UEs 110
includes an application layer 310, an application-radio
cross layer 312, aradio resource control/medium access
control (RRC/MAC) layer 314, and a hon-access stratum
(NAS) layer 320. Data is communicated from the appli-
cation layer 310 to the application-radio cross layer 312,
and data is communicated from each of the application-
radio cross layer 312 and the NAS layer 320 to the
RRC/MAC layer 314. The application layer 310 includes
an energy-aware event monitor component 316. The
RRC/MAC layer 314 includes an application-aware DRX
trigger component 318. The NAS layer 320 includes a
NAS parameters component 322.

[0019] The UE 110 wirelessly communicates with the
eNodeB 102 via an air interface. A mobility management
entity (MME)/gateway 304 is provided in the communi-
cation path between the eNodeB 102 and a home sub-
scriber server (HSS)/home location register (HLR) 302.
The eNodeB 102 wirelessly communicates with the
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MME/gateway 304. The MME/gateway 304 communi-
cates with the HSS/HLR 302. MME/gateway 304 (also
referred to as the MME 304) comprises a control node
for the wireless communications network 100 that is con-
figured to, among other things, control access to
HSS/HLR 302. HSS/HLR 302 comprises a master repos-
itory of subscriber information, account information, UE
information, service information, and/or other information
relating to devices operating within the wireless commu-
nications network 100. For example, the stored informa-
tion can include account numbers, user preferences, us-
er permissions, network permissions, UE characteristics
or specifications, and the like. MME/gateway 304 medi-
ates accessing, for example, UE characteristics stored
in the HSS/HLR 302 in response to a request from the
UE 110 for such information.

[0020] FIG. 4 illustrates an example flow diagram 400
for a UE 110 to initiate DRX operation based on its ap-
plication operation information according to some em-
bodiments - as opposedto eNodeB 102 initiating the DRX
operation for the given UE 110 using a statically assigned
inactivity timer under the current specification. FIG. 5 il-
lustrates an example timing diagram for UE initiation of
DRX operation using radio resource control (RRC) sig-
naling according to some embodiments. FIG. 4 is de-
scribed below in conjunction with FIG. 5.

[0021] Atablock 401, the UE 110 communicates with
the eNodeB 102 to obtain information about its device
characteristics from the HSS/HLR 302 via the MME/gate-
way 304 during the network attach procedure (in which
the UE 110 establishes a connection session with the
network). Device characteristics include, but are not lim-
ited to, delay tolerance of data to be sent or received by
the UE 110 (such as delay tolerance associated with ap-
plications on the UE 110) and/or whether UE 110 is a
machine-to-machine (M2M) type of device. The NAS lay-
er 320 of the UE 110 requests the device characteristics
information, and the received information is stored in the
NAS parameters component 322.

[0022] Alternatively, block 401 may be optional if the
NAS parameters component 322 already includes the
device characteristics information.

[0023] Atablock402,the energy-aware event monitor
component 316 (also referred to as the energy-aware
event monitor, application event monitor, or application
inactivity event monitor) included in the application layer
310 monitors applications running on the UE 110 to iden-
tify or predict one or more inactivity trigger events. An
inactivity trigger event (also referred to as an inactivity
event) comprises a time period when there can be no
data packets received or sent for the UE 110 with minimal
or no sacrifice of application performance, and thus ame-
nable to power and signaling overhead conservation.
[0024] Inactivity trigger event includes, butis not limit-
ed to:

¢ An application end-of-session - When a current ap-
plication session (e.g., an instant messaging (IM)
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chat, a Skype call, a streamed movie, a web-based
meeting, etc.) ends, the UE 110 can decide based
on the status of other applications and/or network
traffic whether to initiate a DRX operation.

Periodicity of keep-alive messages associated with
an application - Some of the most popular applica-
tions allow users to maintain an online "presence"
and keep people on their contact list current as to
their status. Examples of such applications include
Facebook, Google chat, Microsoft Communicator,
Skype, social networking websites, web-based
chats, web-based news feeds, and the like. These
applications use periodic short messages (also re-
ferred to as keep-alive messages) to keep content
up-to-date. The UE 110 can use the known periodic-
ity of the keep-alive messages to determine whether
to initiate a DRX operation, to determine a DRX duty
cycle, and/or to set a higher inactivity timer for going
into RRC_Idle state. For instance, if the UE 110
knows that there will be keep-alive messages that
will be transmitted to the eNodeB 102 at some peri-
odicity, then the UE 110 can decide that the inactivity
timer for going into RRC_Idle mode should be set to
atime period greater than the periodicity of the keep-
alive messages, or that the idle mode duty cycle
should be selected so as to avoid interruption by the
next keep-alive message during the "off" portion of
the idle mode duty cycle (which requires excess sig-
naling overhead in order to establish network re-en-

try).

Delay tolerance of application data transmission
and/or reception - Different applications or different
data types associated with a given application have
differenttime sensitivity (or delay tolerance) for send-
ing or receiving. For example, data associated with
checking for software updates may be delay tolerant
while data associated with sending a text message
may not be delay tolerant. Delay tolerance can also
be identified based on the type of device of the UE
110. M2M devices typically perform specific func-
tions that do not require a user to interact with the
device and only require a network connection for
specific functions. A Smart Park meter is an example
of a M2M device. This is in contrast to devices, such
as smart phones, that are used by actual users and
run multiple applications, each of the applications
potentially having different quality of service require-
ments over the network. Another example of a M2M
type of device may be an Internet-enabled refriger-
ator that is configured to access the network every
Sunday morning at 1 AM to check for firmware up-
dates or to access the network ifiwhen a fault flag is
switched on. Inone embodimentthe UE 110 is aware
that it is a M2M type of device and its application
requirements. In another embodiment the type of de-
vice and application requirements associated with
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the UE 110 are specified in another machine, such
as the HSS/HLR 302, and may be obtained by the
UE 110 (in block 401). The UE 110 can use the delay
tolerance and/or M2M device type information to, for
example, determine whether to initiate DRX opera-
tion, select an appropriate DRX duty cycle, and/or
further extend the current DRX duty cycle, to save
power if the performance of the application is not
affected by delayed data transmission/reception.

[0025] The presence of the application-radio cross lay-
er 312 allows the application(s) to communicate certain
types of information which were previously unavailable
to the RRC/MAC layer 314. At a block 404, the applica-
tion-radio cross layer 312 translates, processes, or oth-
erwise uses the application information from the applica-
tion layer 310 to generate (or finalize) inactivity trigger
eventinformation into aformat useable by the RRC/MAC
layer 314. For example, the application layer 310 can
send an end-of-session data packet associated with an
application which can be configured by the application-
radio cross layer 312 for use by the RRC/MAC layer 314.
The application-radio cross layer 312 comprises an ap-
plication programming interface (API) and the implemen-
tation of the API functions.

[0026] The application-aware DRX trigger component
318 of the RRC/MAC layer 314 (also referred to as a
radio layer) analyzes the inactivity trigger event informa-
tion provided by the application layer 310 via the appli-
cation-radio cross layer 312, information about all the
applications running on the UE 110, network traffic infor-
mation, the device characteristics information (e.g.,delay
tolerance and/or M2M device designation) from the NAS
parameters component 322, and other relevant informa-
tion to determine whether to trigger a DRX operation at
ablock 4086. If a determination is made not to trigger DRX
operation (no branch of block 406), then the application-
aware DRX trigger component 318 waits for the next set
of information from the application layer 310. Otherwise
a determination is made to trigger DRX operation by the
UE 110 (yes branch of block 4086).

[0027] Inthe currenttechnical specification, there is no
application-radio cross layer 312. Data from the applica-
tion layer is received by the RRC/MAC layer, but is not
analyzed by the RRC/MAC layer. The RRC/MAC layer
does not know the content of the received data packets,
and merely readies the data packets for transmission to
an eNodeB. In contrast, embodiments of the present dis-
closure include use of the energy-aware event monitor
component 316 of the application layer 310, the applica-
tion-radio cross layer 312, the application-aware DRX
trigger component 318 of the RRC/MAC layer 314, and
the NAS parameters component 322 of the NAS layer
320forthe UE 110to negotiate DRX parameters for itself.
[0028] The application-aware DRX trigger 318 can al-
so determine which DRX duty cycle to trigger based on
the inactivity trigger event information (block 408). For
example, if the UE 110 comprises a M2M type of device,
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a long DRX duty cycle may be appropriate. As another
example, the DRX duty cycle may be selected to avoid
interruptions during the "off" portion of the duty cycle by
a keep-alive message. Alternatively, the UE 110 may not
have the option to select a DRX duty cycle (if this is re-
served for the eNodeB 102), in which case block 408 is
optional.

[0029] Next at a block 410, the UE 110 signals to the
eNodeB 102 an intent to trigger DRX operation and op-
tionally, a particular DRX duty cycle, other DRX param-
eters, and other possible information relating to DRX op-
eration such as application characteristics (collectively
referred to as DRX parameters or the DRX related pa-
rameters). The signaling may comprise a handshake, re-
quest, confirmation, notification, or synchronization pro-
cedure with the eNodeB 102 prior to actually going into
DRX mode.

[0030] In response to the intent signaled by the UE
110, the eNodeB 102 can confirm, modify, or reject all or
a portion of the DRX intent suggested by the UE 110 at
a block 412. The eNodeB 102 can specify one or more
DRX parameters differentfrom that recommended by the
UE 110atthe block410. Inany case, the UE 110receives
a reply/command from the eNodeB 102 regarding going
into DRX mode ata block412. The UE 110, in turn, com-
municates a confirmation to the eNodeB 102 that the
eNodeB’s reply/command has been received at a block
413. Lastly, at a block 414, the UE 110 switches to DRX
operation mode in accordance with the DRX parameters
finalized by the eNodeB 102.

[0031] Inoneembodimentofblocks 410,412, and 413,
new radio resource control (RRC) signaling is used for
the UE 110 to negotiate DRX parameters for itself with
the eNodeB 102. As shown in FIG. 5, the new RRC sig-
naling comprises RRCConnectionParametersRequest,
RRCConnectionParametersResponse, and RRCCo-
nnectionParametersComplete messages. The new RRC
signaling information is included in one or more radio
frames. The UE 110 generates and transmits an RRC-
ConnectionParametersRequest message to the eNodeB
102 to signal its intent to initiate DRX operation (commu-
nication 502). The RRCConnectionParametersRequest
message includes information elements (IEs) corre-
sponding to DRX related parameters (as decided by the
UE 110 in accordance with its end-of-session, periodicity
of keep-alive messages, delay tolerance, and/or type of
M2M device information) and provisions for other val-
ues/settings/parameters that the UE 110 may suggest to
the eNodeB 102. As an example, the RRCConnection-
ParametersRequest message can include the DRXCon-
fig parameters which are defined as DRX-Config IE in
3GPP TS 36.331 Version 10.0.0, E-UTRA Radio Re-
source Control (RRC): Protocol Specification (Release
10), January 2011, including variations and evolutions
thereof.

[0032] In response, the eNodeB 102 transmits an
RRCConnectionParametersResponse message to the
UE 110, which comprises a confirmation, modification,
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or rejection of the DRX related parameters suggested by
the UE 110 (communication 504). The RRCConnection-
ParametersResponse message also comprises the DRX
related parameters specified by the eNodeB 102, which
may or may not be the same as one or more of the DRX
related parameters suggested by the UE 110 in commu-
nication 502 in accordance with the confirmation, modi-
fication, or rejection decision by the eNodeB 102. The
DRX related parameters included in the RRCConnec-
tionParametersResponse message can be defined, for
example, as the DRX-Config IE set forth in 3GPP TS
36.331 Version 10.0.0, E-UTRA Radio Resource Control
(RRC): Protocol Specification (Release 10), January
2011, including variations and evolutions thereof. In
some embodiments, the DRX related parameters includ-
ed in the RRCConnectionParametersResponse mes-
sage may comprise just the parameter(s) that are differ-
ent from those suggested by the UE 110 since the UE
110 is already in possession of the remaining parame-
ters.

[0033] Last, the UE 110 returns a RRCConnectionPa-
rametersComplete message to the eNodeB 102 confirm-
ing successful receipt of the RRCConnectionParame-
tersResponse message, including the DRX related pa-
rameters set forth by the eNodeB 102 (communication
5086). When there is a difference in the DRX related pa-
rameters between those suggested by the UE 110 and
the response by the eNodeB 102, the DRX related pa-
rameters set forth by the eNodeB 102 in the RRCCo-
nnectionParametersResponse message controls.
[0034] In an alternative embodiment of blocks 410,
412, and 413, the existing RRC signaling mechanism for
reestablishing connection with the network is extended
to provide the UE-suggested DRX related parameters to
the eNodeB 102. Reestablishment of network connection
is initiated by the UE 110 when some kind of network
connection failure occurs such as during handover or if
there is an emergency. The re-establishment procedure
is initiated by the UE 110 generating and transmitting to
the eNodeB 102 a RRCConnectionReestablishmen-
tRequest message via radio frame(s) that includes a re-
establishment connection request (as is conventionally
done) and also atleast the DRX related parameters (e.g.,
DRX-Config IE) that are self-determined by the UE 110.
The rest of the re-establishment procedure involves re-
establishing all of the RRC connections as described in
3GPP TS 36.331 Version 10.0.0, E-UTRA Radio Re-
source Control (RRC): Protocol Specification (Release
10), January 2011, including variations and evolutions
thereof. Similar to the embodiment above, if there is a
difference in the DRX related parameters between the
UE 110 and eNodeB 102 after the UE-suggested DRX
related parameters are provided to the eNodeB 102,
those from eNodeB 102 controls.

[0035] Flow diagram 400 can be repeated for each UE
110 associated with the eNodeB 102, in order for each
of the UEs 110 to self-determine and recommend when
to go into idle mode or DRX operation instead of the eN-



11 EP 2 727 422 B1 12

odeB 102. In some embodiments, the flow diagram 400
can be implemented for the UE 110 to suggest one or
more changes in its DRX parameters based on its appli-
cations and/or device characteristics.

[0036] Accordingly, a new DRX triggering mechanism
is described herein that takes advantage of the real-time
application information of the UE 110 itself to self-deter-
mine optimal triggering of DRX operation, rather than
having the eNodeB 102 statically assign an inactivity tim-
er to the UE 110 to trigger DRX mode as is currently
done. The UE 110 possesses more and better informa-
tion about its network traffic needs than the eNodeB 102.
Applications running on the UE 110 have certain char-
acteristics or events - such as an application end-of-ses-
sion, application keep-alive messages, and/or delay tol-
erance of application data - which are monitored by the
energy-aware event monitor component 316 included in
the application layer 310. Such application information,
in turn, are processed or translated by the application-
radio cross layer 312 into a form accessible by the ap-
plication-aware DRX trigger component 318 of the
RRC/MAC layer 314. ANAS parameters component 322
of the NAS layer 320 also provides device characteristic
information - such as device data delay tolerance and/or
M2M device type information - to the application-aware
DRX trigger component 318. The application-aware DRX
trigger component 318 analyzes the application informa-
tion and/or the device characteristic information to deter-
mine whether to initiate DRX operation and optionally,
which DRX duty cycle or other DRX parameters to im-
plement. The UE 110 sends a request to the eNodeB
102 seeking approval or confirmation to trigger DRX op-
eration (and optionally a particular DRX duty cycle).
When the eNodeB 102 responds (e.g., agreement, mod-
ification, or rejection of the DRX parameters suggested
by the UE 110), UE 110 starts DRX operation in accord-
ance with the response by the eNodeB 102.

[0037] The term "machine-readable medium," "com-
puter readable medium," and the like should be taken to
include a single medium or multiple media (e.g., a cen-
tralized or distributed database, and/or associated cach-
es and servers) that store the one or more sets of instruc-
tions. The term "machine-readable medium" shall also
be taken toinclude any medium that is capable of storing,
encoding or carrying a set of instructions for execution
by the machine and that cause the machine to perform
any one or more of the methodologies of the present
disclosure. The term "machine-readable medium" shall
accordingly be taken to include, but not be limited to,
solid-state memories, optical and magnetic media, and
carrier wave signals.

[0038] It will be appreciated that, for clarity purposes,
the above description describes some embodiments with
reference to different functional units or processors. How-
ever, it will be apparent that any suitable distribution of
functionality between different functional units, proces-
sors or domains may be used without detracting from
embodiments of the invention. For example, functionality
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illustrated to be performed by separate processors or
controllers may be performed by the same processor or
controller. Hence, references to specific functional units
are only to be seen as references to suitable means for
providing the described functionality, rather than indica-
tive of a strict logical or physical structure or organization.
[0039] Although the present invention has been de-
scribed in connection with some embodiments, it is not
intended to be limited to the specific form set forth herein.
One skilled in the art would recognize that various fea-
tures of the described embodiments may be combined
in accordance with the invention. Moreover, it will be ap-
preciated that various modifications and alterations may
be made by those skilled in the art without departing from
the scope of the invention.

[0040] The Abstract of the Disclosure is provided to
quickly ascertain the nature of the technical disclosure.
It is submitted with the understanding that it will not be
used to interpret or limit the scope or meaning of the
claims. In addition, in the foregoing Detailed Description,
it can be seen that various features are grouped together
in a single embodiment for the purpose of streamlining
the disclosure. This method of disclosure is not to be
interpreted as reflecting an intention that the claimed em-
bodiments require more features than are expressly re-
cited in each claim. Rather, as the following claims reflect,
inventive subject matter lies in less than all features of a
single disclosed embodiment. Thus the following claims
are hereby incorporated into the Detailed Description,
with each claim standing on its own as a separate em-
bodiment.

Claims

1. A method for initiating discontinuous reception DRX,
operation by a user equipment (110), UE, operating
in a wireless communications network (104), the
method comprising:

monitoring (402) applications running on the UE
(110) to identify at least one inactivity trigger
event associated with at least one of the appli-
cations;

determining (406), by the UE (110), to initiate
the DRX operation based on the identified inac-
tivity trigger event and device characteristics in-
formation associated with the UE; and
communicating (410) by the UE (110) to an en-
hanced node B (102), eNodeB, initiation of the
DRX operation prior to the UE (110) switching
to the DRX operation; and characterized in
that:

the communicating to the eNodeB (102) com-
prises transmitting at least one radio frame in-
cluding a radio resource control, RRC, mes-
sage, the RRC message including at least one
DRX parameter relating to the initiation of the
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DRX operation.

The method of claim 1, wherein the inactivity trigger
event comprises at least one of an end-of-session
associated with the at least one of the applications,
keep-alive messages associated with the at least
one of the applications having a certain periodicity,
or delay tolerance characteristics of the at least one
of the applications.

The method of claim 1, wherein the device charac-
teristics information comprises non-access stratum,
NAS, parameters (322) including delay tolerance or
device type information associated with the UE
(110), the device characteristics information ob-
tained from a home subscriber server, HSS, home
location register (302), HLR, included in the network.

The method of claim 1, further comprising determin-
ing (408), by the UE (110), a DRX duty cycle for the
DRX operation based on the identified inactivity trig-
ger eventand the device characteristics information,
andwherein the communicating to the eNodeB (102)
includes communicating the determined DRX duty
cycle to the eNodeB.

The method of claim 1, wherein the monitoring (402)
is performed in an application layer (310) included
in the UE (110), the determining (4086) is performed
in an application-radio cross layer (312) application
programming interface, API, included in a protocol
stack of the UE (110), and the communicating to the
eNodeB (102) is performed at a radio layer (314)
over an air interface.

A user equipment (110) UE, comprising:

a processor (202) to initiate triggering a discon-
tinuous reception, DRX, operation, wherein the
processor (202) initiates triggering the DRX op-
eration based on at least an inactivity event as-
sociated with at least one application running on
the UE (110) and at least one non-access stra-
tum, NAS, parameter (322) associated with the
UE; and

a transceiver (206) in communication with the
processor (202), the transceiver to signal to an
enhanced node B (102), eNodeB, using at least
one radio frame an intent to trigger the DRX op-
eration

the signaltothe eNodeB (102) comprises aradio
resource control, RRC, signaling included in the
at least one radio frame, the RRC signaling in-
cluding one or more DRX parameters corre-
sponding to the DRX operation.

The UE (110) of claim 6, wherein the inactivity event
comprises one or more of an end-of-session asso-
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10.

1.

12.

13.

ciated with the at least one application, keep-alive
messages associated with the at least one applica-
tion having a certain periodicity, and a delay toler-
ance characteristic of the at least one application.

The UE (110) of claim 6, wherein the at least one
NAS parameter (322) includes identification of delay
tolerance or a machine-to-machine, M2M, device
type associated with the UE.

The UE (110) of claim 6, wherein the processor (202)
determines one or more DRX parameters associat-
ed with the DRX operation based on the inactivity
event and the NAS parameter, the DRX parameters
including a DRX duty cycle.

The UE (110) of claim 6, wherein the transceiver
(206) receives areturn signal from the eNodeB (102)
inresponse to the intent to trigger the DRX operation,
andwherein the transceiver starts the DRX operation
in response to the return signal.

The UE (110) of claim 10, wherein the return signal
comprises a modification of atleast one DRX param-
eter corresponding to the DRX operation.

The UE (110) of claim 6, wherein the processor (202)
identifies in an application layer (310) of a protocol
stack an inactivity event associated with at least one
applicationrunningonthe UE, wherein the processor
(202) processes in a cross layer (312) of the protocol
stack the inactivity event for access by a radio layer
(314), and wherein the processor (202) determines
in the radio layer (314) one or more discontinuous
reception, DRX, operation parameters in accord-
ance with the inactivity event and non-access stra-
tum, NAS, parameters.

The UE of claim 12, wherein the NAS parameters
(322) comprise device characteristics information in-
cluding delay tolerance or a device type information
associated with the UE (110).

Patentanspriiche

Verfahren zum Initiieren eines diskontinuierlichen
Empfangsbetriebs (Discontinuous Reception Ope-
ration, DRX-Betrieb) durch ein Benutzergerat (User
Equipment, UE)(110), das in einemdrahtlosen Kom-
munikationsnetz (104) betrieben wird, wobei das
Verfahren umfasst:

Uberwachen (402) von Anwendungen, die auf
dem UE (110) ablaufen, um mindestens ein In-
aktivitatstriggerereignis zu identifizieren, das zu
mindestens einer der Anwendungen gehort;

Ermitteln (406) durch das UE (110), um den
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DRX-Betrieb aufgrund des identifizierten Inakti-
vitatstriggerereignisses und aufgrund von Infor-
mationen Uber Gerateeigenschaften des UE zu
initiieren; und

Kommunizieren (410) des Initilerens des DRX-
Betriebs vondem UE (110) an einen erweiterten
B-Knoten (enhanced NodeB, eNodeB) (102),
bevor das UE (110) auf den DRX-Betrieb um-
schaltet; und dadurch gekennzeichnet, dass:

das Kommunizieren an den eNodeB (102)
ein Ubertragen mindestens eines Funkrah-
mens umfasst, der eine Nachricht einer
funktechnischen Ressourcensteuerung
(Radio Resource Control message, RRC-
Nachricht) enthalt, wobei die RRC-Nach-
richt mindestens einen DRX-Parameter
umfasst, der sich auf das Initileren des
DRX-Betriebs bezieht.

Verfahren nach Anspruch 1, wobei das Inaktivitatst-
riggerereignis mindestens eines umfasstaus: einem
Sitzungsende, das zu der mindestens einen der An-
wendungen gehort; Aufrechterhaltungsnachrichten,
die zu der mindestens einen der Anwendungen ge-
héren und eine bestimmte RegelmaRigkeit aufwei-
sen; oder Verzogerungstoleranzeigenschaften der
mindestens einen der Anwendungen.

Verfahren nach Anspruch 1, wobeidie Informationen
Uber Gerateeigenschaften Nichtzugriffsschichtpara-
meter (Non-Access Stratum parameters, NAS-Pa-
rameter) einschlieRlich Verzogerungstoleranz oder
Geratetypinformationen umfassen, die zu dem UE
(110) gehdren, wobei die Informationen lber Gera-
teeigenschaften von einem Heimatortsregister (Ho-
me Location Register, HLR) eines Teilnehmerdaten-
bank-Servers (Home Subscriber Server, HSS) (302)
erhalten werden, das in dem Netz enthalten ist.

Verfahren nach Anspruch 1, das aulRerdem ein Er-
mitteln (408) durch das UE (110) eines DRX-Arbeits-
zyklus fur den DRX-Betrieb aufgrund des identifizier-
ten Inaktivitatstriggerereignisses und aufgrund der
Informationen Uber Gerateeigenschaften umfasst,
und wobeidas KommunizierenandeneNodeB (102)
ein Kommunizieren des ermittelten DRX-Arbeitszy-
klus an den eNodeB umfasst.

Verfahren nach Anspruch 1, wobeidas Uberwachen
(402) in einer Anwendungsschicht (310) ausgefiihrt
wird, die in dem UE (110) enthalten ist, wobei das
Ermitteln (406) in einer Anwendungsprogrammier-
schnittstelle (Application Programming Interface,
APIl) (312) einer Anwendungs-Funk-Kreuzungs-
schicht ausgefiihrt wird, die in einem Protokollstapel
des UE (110) enthalten ist, und wobei das Kommu-
nizieren an den eNodeB (102) in einer Funkschicht
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6.

10.

(314) Uber eine Luftschnittstelle ausgefiihrt wird.

Benutzergerat (User Equipment, UE) (110), umfas-
send:

einen Prozessor (202) zum Initiieren eines Trig-
gerns eines diskontinuierlichen Empfangsbe-
triebs (Discontinuous Reception Operation,
DRX-Betrieb), wobei der Prozessor (202) das
Triggern des DRX-Betriebs aufgrund mindes-
tens eines Inaktivitatsereignisses, das zu min-
destens einer Anwendung gehdrt, die in dem
UE (110) ablauft, und aufgrund mindestens ei-
nes Nichtzugriffsschichtparameters (Non-Ac-
cess Stratum parameters, NAS-Parameter)
(322) initiiert, der zu dem UE gehort; und
einen Transceiver (206), der in einer Kommuni-
kation mitdem Prozessor (202) steht, wobei der
Transceiver eine Absicht, den DRX-Betrieb zu
triggern, mithilfe mindestens eines Funkrah-
mens an einen erweiterten B-Knoten (enhanced
NodeB, eNodeB) (102) signalisiert,

wobei das Signal an den eNodeB (102) eine Signa-
lisierung einer funktechnischen Ressourcensteue-
rung (Radio Resource Control signaling, RRC-Sig-
nalisierung) enthalt, die in dem mindestens einen
Funkrahmen enthalten ist, wobei die RRC-Signali-
sierung einen oder mehrere DRX-Parameter um-
fasst, die dem DRX-Betrieb entsprechen.

UE (110) nach Anspruch 6, wobei das Inaktivitats-
ereignis eines oder mehrere umfasst aus:

einem Sitzungsende, das zu der mindestens ei-
nen Anwendung gehort; Aufrechterhaltungs-
nachrichten, die zu der mindestens einen An-
wendung gehdren und eine bestimmte Regel-
maRigkeit aufweisen; und Verzdgerungstoler-
anzeigenschaften der mindestens einen An-
wendung.

UE (110) nach Anspruch 6, wobei der mindestens
eine NAS-Parameter (322) eine Kennung der Ver-
zogerungstoleranz oder eines Maschine-zu-Maschi-
ne-Geratetyps (Machine-To-Machine device type,
M2M-Geratetyp) umfasst, die zu dem UE gehoren.

UE (110) nach Anspruch 6, wobei der Prozessor
(202) einen oder mehrere DRX-Parameter ermittelt,
die aufgrund des Inaktivitdtsereignisses und auf-
grund der NAS-Parameter zu dem DRX-Betrieb ge-
horen, wobei die DRX-Parameter einen DRX-Ar-
beitszyklus umfassen.

UE (110) nach Anspruch 6, wobei der Transceiver
(206) als Reaktion auf die Absicht, den DRX-Betrieb
zutriggern, ein Antwortsignalvondem eNodeB (102)
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empfangt, und wobei der Transceiver den DRX-Be-
trieb als Reaktion auf das Antwortsignal startet.

UE (110) nach Anspruch 10, wobei das Antwortsig-
nal eine Veranderung mindestens eines DRX-Para-
meters umfasst, der dem DRX-Betrieb entspricht.

UE (110) nach Anspruch 6, wobei der Prozessor
(202) in einer Anwendungsschicht (310) eines Pro-
tokollstapels ein Inaktivitatsereignis identifiziert, das
zu mindestens einer auf dem UE ablaufenden An-
wendung gehdrt, wobei der Prozessor (202) das In-
aktivitatsereignis flr einen Zugriff durch eine Funk-
schicht (314) in einer Kreuzungsschicht (312) des
Protokollstapels verarbeitet, und wobei der Prozes-
sor (202) in der Funkschicht (314) einen oder meh-
rere Betriebsparameter eines diskontinuierlichen
Empfangs (Discontinuous Reception operation pa-
rameters, DRX-Betriebsparameter) gemak dem In-
aktivitatsereignis und gemal den Nichtzugriffs-
schichtparametern (Non-Access Stratum parame-
ters, NAS-Parameter) ermittelt.

UE nach Anspruch 12, wobei die NAS-Parameter
(322) Informationen Uber Gerateeigenschaften um-
fassen, die eine Verzogerungstoleranz oder eine
Geratetypinformation enthalten, die zu dem UE
(110) gehoren.

Revendications

Procédé permettantd’initier une opération derécep-
tion discontinue, DRX, par un équipement utilisateur
(110), UE, fonctionnant dans un réseau de commu-
nication sans fil (104), le procédé comprenant les
étapes suivantes :

contréler (402) des applications s’exécutant sur
FUE (110) pour identifier au moins un événe-
ment déclencheur d’inactivité associé a au
moins une des applications ;

déterminer (406), par TUE (110), d’initier l'opé-
ration DRX sur la base de I'événement déclen-
cheur d’inactivité identifié et d’'informations de
caractéristiques de dispositif associées a 'UE ;
et

communiquer (410) par I'UE (110) a un noeud
B amélioré (102), eNoeudB, Pinitiation de 'opé-
ration DRX avant que 'UE (110) ne passe a
'opération DRX ; et caractérisé en ce que :

'étape de communication a I'eNoeudB
(102) comprend : transmettre au moins une
trame radio comportant un message de
contréle de ressources radio, RRC, le mes-
sage RRC comportant au moins un para-
meétre DRX concernant linitiation de 'opé-
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ration DRX.

Procédé selon la revendication 1, dans lequel I'évé-
nement déclencheur d’inactivité comprend au moins
un élément parmiunefinde session associée a ladite
application, des messages de connexion persistante
associés a ladite application ayant une certaine pé-
riodicité, ou des caractéristiques de tolérance de re-
tard de ladite application.

Procédé selon la revendication 1, dans lequel les
informations de caractéristiques de dispositif com-
prennent des parameétres de strate de non acces,
NAS (322), comportant des informations de type de
dispositif ou de tolérance de retard associées a 'UE
(110), les informations de caractéristiques de dispo-
sitif étant obtenues a partir d’'un enregistreur de lo-
calisation nominal (302), HLR, d’'un serveur des
abonnés nominaux, HSS, inclus dans le réseau.

Procédé selon la revendication 1, comprenant en
outre :

déterminer (408), par 'UE (110), un cycle de
service DRX pour l'opération DRX sur la base
del’événementdéclencheur d’inactivité identifié
et des informations de caractéristiques de dis-
positif, et 'étape de communication a 'eNoeudB
(102) consistanta communiquer le cycle de ser-
vice DRX déterminé a 'eNoeudB.

Procédé selon larevendication 1, dans lequel I'étape
de controle (402) est exécutée dans une couche
d’application (310) incluse dans I'UE (110), I'étape
de détermination (406) est exécutée dans une inter-
face de programmation d’application, API, d’inter-
couche radio d’application (312) incluse dans une
pile de protocoles de 'UE (110), et 'étape de com-
munication a 'eNoeudB (102) est exécutée au ni-
veau d’une couche radio (314) sur une interface ra-
dio.

Equipement utilisateur (110), UE, comprenant :

un processeur (202) destiné a initier un déclen-
chement d’une opération de réception disconti-
nue, DRX, le processeur (202) initiant le déclen-
chement de l'opération DRX sur la base d’au
moins un événement d’inactivité associé a au
moins une application s’exécutantsur'UE (110)
et d’au moins un parameétre de strate de non
acces, NAS (322), associé a 'UE ; et

un émetteur-récepteur (206) en communication
avec le processeur (202), 'émetteur-récepteur
signalant a un noeud B amélioré (102), eNoeu-
dB, en utilisant au moins une trame radio une
intention de déclencher 'opération DRX,
I’étape consistant a signaler a 'eNoeudB (102)
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comprend une signalisation de contrdle de res-
sources radio, RRC, incluse dans ladite trame
radio, la signalisation RRC comportant un ou
plusieurs parametres DRX correspondant a
'opération DRX.

UE (110) selon la revendication 6, dans lequel 'évé-
nement d’inactivité comprend un ou plusieurs élé-
ments parmi une fin de session associée a ladite
application, des messages de connexion persistante
associés a ladite application ayant une certaine pé-
riodicité, et une caractéristique de tolérance de re-
tard de ladite application.

UE (110) selon la revendication 6, dans lequel ledit
parameétre NAS (322) comprend l'identificationd’une
tolérance de retard ou un type de dispositif de com-
munication entre machines, M2M, associé a lUE.

UE (110) selon la revendication 6, dans lequel le
processeur (202) détermine un ou plusieurs para-
meétres DRX associés a 'opération DRX sur la base
del'’événement d’inactivité et du parametre NAS, les
parametres DRX comportant un cycle de service
DRX.

UE (110) selon la revendication 6, dans lequel
I'émetteur-récepteur (206) regoit un signal de retour
a partir de 'eNoeudB (102) en réponse a l'intention
de déclencher 'opération DRX, et I'émetteur-récep-
teurdémarrantl'opération DRX enréponse au signal
de retour.

UE (110) selon la revendication 10, dans lequel le
signal de retour comprend une modification d’au
moins un paramétre DRX correspondant a 'opéra-
tion DRX.

UE (110) selon la revendication 6, dans lequel le
processeur (202) identifie dans une couche d’appli-
cation (310) d’une pile de protocoles un événement
d’inactivité associé a au moins une application s’exé-
cutantsur TUE, le processeur (202) traitantdans une
intercouche (312) de la pile de protocoles I'événe-
mentd’inactivité pour un accés par une couche radio
(314), le processeur (202) déterminant dans la cou-
che radio (314) un ou plusieurs parametres d’opé-
ration de réception discontinue, DRX, selon I'événe-
ment d’inactivité et des parameétres de strate de non
acces, NAS.

UE selon la revendication 12, dans lequel les para-
métres NAS (322) comprennent des informations de
caractéristiques de dispositif comportant une tolé-
rance de retard ou des informations de type de dis-
positif associées a I’ UE (110).
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