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(57) Abstract: The present disclosure relates to transmitting assistance information from a first node to a second node. In one em-
bodiment, a first node includes a wireless transmitter and a wireless receiver. In response to transmitting a preference indicator for a
first configuration to a second node via the wireless transmitter or receiving a reconfiguration request associated with the preference
indicator for the first configuration, the first node starts a timer set to a value that defines an amount of time before the first node is
permitted to transmit a preference indicator for a second configuration to the second node. The first node then blocks transmission of
the preference indicator for the second configuration to the second node until the timer has expired. In this manner, excessive signal -
ing of preference indicators from the first node to the second node is avoided.
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SYSTEMS AND METHODN FOR BLOUKING EXCESSIVE
TRANSMITTER MESSAGE SIGNALING

Related Applications

This application claims the benefit of provisioval patent application serial
number 61/678,791, filed August 2, 2012, and non-provisionsl patent application serial
number 13/896.801, filed May 17, 2013, the disclosures of which are hereby

mcorporated herein by reference in their entireties.

Fiald of the Disclosme

The present disclosure relates to signaling of assistance information from a
wireless transmitter to a wireless receiver and mwore specifically relates to blocking
excessive signaling of assistance information from a wireless transmifter to a wireless

receiver.

Backuround

There are many scenarios i which a wireless device may frequently send
messages to another wireless device to indicate a changing preference for a particular
configuration for a connection between the wireless devices. QOune such scenario is
within the context of & work ttem on enbancernents for Diverse Data Applications
{2DDAY m 3rd Generation Partnership Project (3GPP) Radio Access Network {RAN)
Work Group 2 {WG23, which s referred to as 3GPP RAN2,

Efficieni power consumption 35 one of the important characteristics of a
wireless device (2.g., a User Equipment (UE), which is sometimes referred to as a user
element) i a cellular communications network.  In today’s digital world, wireless
devices tend to be alwavs “connected” to the cellular communications network
especially due to the popularity of social networking applications.  These applications
are usually delay-tolerant as opposed to other applications, such as video telephony or
web browsing, that have traffic with defay-sensitive characteristics, Social networking
applications generate intermittent packet transmissions that are usually small i size vet

tnvoke procedures which prompt relatively high energy consumption.  Hence, social
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networking applications may cause an inconvenient user experience due to the need to
frequently recharge the battery of the wireless device {i.2., more than once per day).

3GPP has been developing the specifications on the Evolved Universal
Terrestrial Radio Access Network (E-UTRAN), which mmchudes Long Term Evolution
{LTE) concepts. 1o RAN2, a Work ltern (W1} on eDDA has been created in LTE
Release 11 (Rel-11} to dentify and specify mechanisms that can enhance the ability of
LTE to handle diverse traffic profiles such as those of social networking apphcations.
The objective of this WI 1s to identify improvements that can ncrease the network
efficiency, extend UE battery lifetime, reduce signaling overhead, and enhance user
experience and syvstem performance uader such traffic loads.

One of the focus areas is to change the UE behavior to reduce the power
consumption of the UE when possible. In previous releases of the LTE specifications,
timers were introduced to enable switching from CONNECTED to IDLE mode once
the timers expire and when there i3 no data to send.  Further, a Discontinuous
Reception (DRX) mode was introduced for LTE in 3GPP standards to conserve battery
power when the UE remains i CONNECTED mode. There 18 a wide range of
configuration sets available for the DRX parameters which can be utilized for different
types of services, e.g., Voice over Internet Protocol (VoIP), gaming, web browsing, and
video telephony. DRX configuration is set by a base station, or eNodeB {(eNB).
However, there may be scenarios in which the UE has information that is not available
at the base station that may be beneficial when setting the DRX configuration for the
UE, As such, there 1s a need for systems and methods for signaling such mformation

from the UE to the base station.

Summarv

The present disclosure relates fo transnutting assistance information from a frst
node to a second node.  In particular, systems and methods are disclosed for
transmitting assistance information from a first node 10 a second node while avoiding
excessive signaling. In one embodiment, & first node includes a wireless transmmtter
ancd a wireless receiver., In response to transmitting a preference indicator for a first
configuration to a second node wvig the wircless transmifter or receving a

reconfiguration  request associated with the preference dicator for the first
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configuration, the first node starts a timer set to a value that defines an amount of time before the
first node is permitted to transmit a preference indicator for a second configuration to the second
node. The first node then blocks transmission of the preference indicator for the second
configuration to the second node until the timer has expired. In this manner, excessive signaling
of preference indicators from the first node to the second node is avoided.

In one embodiment, the first node is a wireless device configured to operate in a cellular
communications network, and the second node is a base station of the cellular communications
network. Still further, in one embodiment, the preference indicator for the first configuration is a
preference indicator for a normal power configuration, and the preference indicator for the
second configuration is a preference indicator for a power efficient configuration.

In one embodiment, a wireless device configured to operate in a cellular communications
network operates to initiate an assistance information procedure and perform the assistance
information procedure to determine whether to block or initiate transmission of assistance
information including a preference indicator for a desired power configuration to a base station
of the cellular communications network. In one embodiment, performing the assistance
information procedure includes determining whether the preference indicator for the desired
power configuration is different than a most recent preference indicator transmitted by the
wireless device to the base station. If so, the wireless device determines whether a timer has
expired. In one embodiment, the timer is set to a value that defines an amount of time that must
expire before transmission of the assistance information including the preference indicator for
the desired power configuration and is started in response to transmitting the most recent
preference indicator to the base station. If the timer has not expired, the wireless device blocks
transmission of the assistance information including the preference indicator for the desired
power configuration. If the timer has expired, the wireless device initiates transmission of the
assistance information including the preference indicator for the desired power configuration.

In one aspect the present invention provides a method of operation of a wireless device in
a cellular communications network, the wireless device including a wireless transmitter and a
wireless receiver, the method including:

identifying a preference for a first power configuration;

starting a timer, the timer being set to a predefined value;
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transmitting a preference indicator for the first power configuration via the wireless
transmitter; and
blocking transmission of a preference indicator for a second power configuration until the timer
has expired, the second power configuration being different than the first power configuration.
In another aspect the present invention provided a wireless device in a cellular
communications network, including:
a wireless transmitter;
a wireless receiver; and
a processing subsystem associated with the wireless transmitter and the wireless receiver
configured to:
identify a preference for a first power configuration;
start a timer, the timer being set to a predefined value;
transmit a preference indicator for the first power configuration via the wireless
transmitter; and
block transmission of a preference indicator for a second power configuration until the timer has
expired, the second power configuration being different than the first power configuration.
Those skilled in the art will appreciate the scope of the present disclosure and realize
additional aspects thereof after reading the following detailed description of the preferred

embodiments in association with the accompanying drawing figures.
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Brief Description of the Drawme Figures

The accompanying drawing figures incorporated in and forming a parnt of this
specification illustrate several aspects of the disclosure, and topether with the
description serve to explain the principles of the disclosure.

Figure | illustrates the operation of a node including a wireless transmitter and a
wireless recetver to avoid excessive signaling of assistance information to a second
node according to one embodiment of the present disclosure;

Figore 2 illustrates the operation of a node inclading a wireless transmitter and a
wireless receiver to avoid excessive signaling of assistance information to a second
nede according to another embodiment of the present disclosure;

Figure 3 illustrates a base station of a cellular communications network and a
wireless device, wherein the wireless device operates to avoid excessive signaling of
assistance information to the base station according to one embodiment of the present
disclosure;

Figure 4 iltustrates the operation of the wireless device of Figure 3 to avoid
excessive signaling of assistance information o the base station according to one
embodiment of the present disclosure;

Figure 5 illustrates the operation of the wireless device of Figure 3 1o avoud
excessive signahing of assistance information to the base station via an assistance
information procedure according to one embodiment of the present disclosure;

Figure 6 18 a flow chart that ilustrates the assistance information procedure of
Figure 5 according to one embodiment of the present disclosure;

Figure 7 is a flow chart that iHlustrates a transmission process initiated by the
assistance information procedure of Figure 6 according to oune embodiment of the
present disclosure;

Figure 8 is a block diagram of the wireless device of Figure 3 according to one
embodiment of the present disclosure; and

Figure 9 is a block diagram of the base station of Figore 3 accovrding to one

embodiment of the present disclosure.
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Detatled Description

The embodiments set forth below represent the necessary information to enable
those skilled in the art to practice the embodiments and Hlustrate the best mode of
practicing the embodiments. Upon reading the following description in light of the
accomapanying drawing figures, those skilled w the art will onderstand the concepts of
the disclosure and will recognize applications of these concepts not particularly
addressed herein. It should be understood that these concepts and applications fall
within the scope of the disclosure and the accompanying claims.

The present disclosure relates to transmitiing assistance information from a first
node to a second node.  In particular, systems and methods are disclosed for
transnutting assistance information from a first node to a second node while aveiding
excessive signaling. Before discussing embodiments of the present disclosure, a brief
discussion of one problem addressed by the embodiments disclosed herem is beneficial
In many scenarios, it may be beneficial for a fust node having a wireless transmitter
and a wireless receiver to send information to a second node having a wireless
trapsmitter and a wireless receiver to signal a change in a preference of the fisst node
related to a wirveless connection between the first and second nodes.  However,
frequently transmitting information containing the preference(s) of the first node to the
second node may cause excessive signaling in a corresponding wireless network. It is
beneficial or, 1n some cases, necessary to avoid such excessive signaling m order for
the wireless network to utilize s resources more efficiently and thus provide a better
service experience to its users. Thus, as discussed below in detail, embodiments
disclosed herein provide mechanisms by which preference wformation, or any other
type of assistance information, can be communicated from the first node to the second
node while avoiding excessive signaling.

One particular wireless network in which excessive signaling of assistance
information may occur 15 n cellular communications networks operating according to
the Long Term Evolution (LTE) Release 11 (Rel-11) and subsequent specifications.
More specifically, the extension of wireless device, or User Equipment or User Element
{UE), battery lifetime is considered to be a challenge in the Evolved Universal
Terrestrial Radio Access Network (E-UTRAN) consisting of LTE and System

Architecture Evolution (SAE) concepts.  Enhanced Discontinuous Reception (DRX)
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mode 1s introduced for LTE in 3 Generation Partnership Project (3GPP) standards to
conserve battery power when the wireless device is m CONNECTED mode. There are
a wide range of configuration sets available for the DRX parameters, which can serve
for different types of services, €.¢., gaming, web browsing, and video telephony. DRX
configuration 1s vormaily set by a base station, or eNodeB (eNB). However, there may
be scenartos in which the wireless device has information that 15 not available at the
base station. For example, the wireless device may have mformation that indicates that
a user of the wireless device prefers delay-tolerant operation for a longer battery hife.
This information could assist the base station in deciding which DRX configuration to
use for the wireless device. Therefore. such information, hereafter referred to as
assistance information, is considered useful to the base station. Notably, as used
herein, “assistance mformation”™ is any information known to a first node that that 1s
considered useful to a second node. In one preferred embodiment, assistance
mformation 1s mformation that 1s indicative of a preference for DRX settings that
indicates a wireless device’s, or UE’s, willingness for delay-sensitive or delay-tolerant
operation and thus s power preference.

While the transmission of assistance information, such as a power preference,
from a fust node to a second node 18 considered beneficial for enhancing a battery
lifetime of the first node, the mventors have found that excessive signaling of assistance
mformation may occur due to frequent change of preferences if triggering is left to the
first node for implementation and no mechanism is provided to block excessive
sigaling of asustance mformation.  Excessive signaling may result not only m an
merease i power consumption at the first node but also m poor service quality for
other nodes in the cellular communications network due to signaling overload i the
second node.  As such, there is a need for mechanisms to avoid such excessive
signaling in order to be able to benefit from the battery lifetime gain resulting from the
signaling of the assistance information to the base station. At the same time, 1t 1s also
important to allow the first node to indicate 1o the second node that its preference has
changed 10 a timely mamner, which s particularly important when the first node starts
using delay-sensitive services or applications.

Notably, transmissions of assistance information may be Hmited using a timer

similar to the network configured timer (T323) in Wideband Code Division Maltiple
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Access (WCDMA)} cellolar communications networks, A mechanism has been
specified for WODMA in 3GPP Techuical Specification {TS) 25,331 that requires the
expiration of a receiver configured tmer before releasing the signaling connection
rather than just releasing the signaling connection when the wireless device desires. In
WCDMA, this timer is configurable by the cellolar communications network and is
available in the system broadcast. Once the timer expires, the wireless device can send
a signaling connection release indication message.

In WDUMA, all preference mdicator messages to be sent by the wieless
device, regardless of their sensitivity to delay, must wait for the same amount of time to
expire. However, the inventors have found that some preference indicators may be
associated with delay-sensitive operations and therefore need to be transmitted sooner
than other preference indicators. For mstance, m LTE, a DRX power preference
incdicator for a normal, or default, power configuration may be delay sensitive (e,
intolerant to delay) whereas a DRX power preference indicator for a power efficient
configuration may be delay msensitive (e, tolerant to delay). Thus, switching from a
delay tolerant {i.e., power efficient) operation to a delay sensitive operation should be
prioritized compared to switching from a delay sensitive operation to a delay tolerant
operation.  As such, as discussed below, ewbodiments of the present disclosure gvoid
excessive signaling utiizing a timer that can be set to different values depending on the
content of the assistance information to be transnutted.

In this repard, Figure | iHustrates the operation of a node 10 to signal assistance
tnformation to a node 12 in 3 mauner that avoids excessive signaling according to one
embodiment of the present disclosure.  The pode 10 includes a wireless transmitter
{TX} 14 and a wireless recetver (RX) 16. Likewise, the node 12 includes a wireless
transmitter 18 and a wireless receiver 20. As discussed below, in one embodiment, the
node 10 is a wireless device (e.g., a UE} n a cellular commmunications network, and the
node 12 is a base siation of the cellular communications network. However, the nodes
10 and 12 are not limited thersto. Rather, the nodes 10 and 12 are any type of devices
m any type of wireless network in which transission of assistance information from
the node 10 1o the node 12 is beneficial. Again, the assistance mformation is generally
any information known to the node 10 that 15 beneficial to the node 120 In one

embodiment, the assistance mformation i information known to the node 10 that is
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beneficial to the nade 12 when configuring a wireless connection between the nodes 10
and 12, Still further, in one particular embodiment, the assistance mformation is or
includes a preference indicator for a power configuration for the wireless connection
between the node 10 and the node 12. For example, the preference indicator may be a
preference indicator for a notmal power configuration or a preference indicator for a
power efficient configuration. As one particular example, the preference indicator may
be a preference indicator for a normal power configuration for a DRX mode of
operation of the node 10 or a preference indicator for a power efficient configuration
for the DRX mode of operation of the node 10.

In the embodiment of Figwwe 1, the assistance information s a preference
mdicator for a desired configuration (e.g.. a desired power configuration) for a wireless
connection between the nodes 10 and 12, As illustrated, the node 10 transmits a
preference indicator for a first contiguration (preference indicator 1) to the node 12 via
the wireless transmitter 14 of the node 10 {step 1000). The first configoration 1s a first
configuration {e.z., a normal power configuration} for a wireless connection between
the nodes 10 and 12, While not tHustrated, the node 12 utilizes the preference indicator
from the node 10 to decide whether to reconfigure the wireless connection. Note,
however, that the node 12 does not necessarily reconfigure the wireless connection in
response to reception of the preference indicator. The decision of the node 12 may be
made based on additional factors.

In response to transmitting the preference mdicator for the first configuration to
the node 12, the node 10 starts a timer that is set to a value that defines an gmount of
time that mast expire before the node 10 is peromtted to transmit a preference indicator
for a second configuration (preference indicator 2} to the node 12 (step 1002). The
second configuration is a second configuration {e.g., a power efficient configuration)
for the wireless connection between the nodes 10 and 12, The value to which the timer
ts set can vary depending on the particular implementation.  In general, the value for
the timer may be any value greater than or equal to zero. However, in one preferred
embodiment, the value to which the timer is set is wversely related to a delay
sensitivity of operations associated with the second configuration. In other words, in
one preferred embodiment, the value to which the timer is set is a function of the

preference indicator for which the node 10 s to block transmission until the timer has



WO 2014/020569 PCT/IB2013/056331

10

15

20

25

30

expired. As an examyple, if the second configuration is a power efficient configuration
assoctated with operations which are delay insensitive {or delay tolerant), then the
value to which the timer is set may be large (L.e, larger than a value that would be used
for a normal power configuration}. As one particular example, the value for the timer
for the preference ndicator for the second configoration where the second
configuration is associated with delay mnsensitive operations may be tens or hundreds of
seconds.

Once the timer is started, the node 10 then blocks transmission of the preference
tndicator for the second configuration to the node 12 until the timer started in step 1002
has expued (step 1004). More specifically, events at the node 10 can trigger an attempt
to transmit the preference mdicator for the second configuration, For example, if the
second configuration is a power efficient configuration, a user of the node 10 mav place
the node 10 i a power efficient mode. In response, the node 10 may attempt 10
transmit the preference indicator for the power efficient configuration for the wireless
connection to the node 12. 1f the timer started in step 1002 has not expired, the node 10
blocks transmission of the preference indicator for the power efficient configuration. {n
this manner, excessive signaling of preference indicators from the node 10 to the node
12 is prevented., At some pont, after the timer has expired, the node 10 transmts the
preference indicator for the second configuration o the node 12 via the wireless
transnutter 14 (step 1006). In other words, once the timer has expired, the node 10
perniits fransmission of the preference indicator for the second configuration to the
node 12,

In this embodiment, in response to transmitting the preference indicator for the
second configuration in step 1006, the node 10 starts a timer set to a value that defines
an amount of time that must expire before the node 10 is permitted to transmut a
preference mdicator for the first configuration (preference indicator 1) to the node 12
{step 1008). Notably, the timer for step 1008 is preferably the same timer as used for
steps 1002 and 1004 above but where the timer is set to a different value. The value to
which the timer is set can vary depending on the particular implementation. In general,
the value for the timer may be any value greater than or equal to zere. However, in one
preferred embodiment, the value to which the timer s set is inversely related to a delay

sensitivity of operations associated with the first configuration. In other words, in one
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10

preferred embodiment, the value to which the timer is set is a function of the preference
mdicator for which the node 10 13 to block transmission until the timer has expired. As
an example, 1f the first configuration i3 a normal power configuration associated with
operations which are delay sensitive {or delay intolerant), then the value to which the
timer 18 set may be small (e smaller than the valoe used for the timer for the power
efficient configuration).  As one particular example, the valoe for the tmer for
preference indicator for the first configuration where the first configuration 1s
associated with operations that are delay sensitive may be zero or near zero (e.g., less
than 1 second).

Once the timer s started in step 1008, the node 10 then blocks transmvission of
the preference indicator for the first configuration to the node 12 until the timer started
m step 1008 has expired (step 1010). More specifically, events at the node 10 can
trigger an attempt to transmit the preference indicator for the first configuration. For
example, the user of the node 10 may place the node 10 in a normal mode.  In response,
the node 10 may attemipt to transmit the preference indicator for the normal power
configuration for the wireless connection to the node 12, If the tuner started in step
1008 has not expired, the node 10 blocks transmission of the preference indicator for
the normal power configuration. In this manner, excessive signaling of preference
mdicators from the node 10 to the node 12 is prevented. At some point, after the timer
has expired, the node 10 transmits the preference indicator for the first configuration to
the node 12 via the wireless transmitter 14 {step 1012). In other words, once the timer
has expired, the node 10 pernuts transmussion of the preference indicator for the first
configuration to the node 12, The process may then continue i the manner described
above.

As discussed above, Figure 1 illustrates an embodiment where the timer{s)
is(are) started in response to transmission of a preference indicator from the node {0 o
the node 12, However, 1o another embodiment, the timer(s) can be started 1n response
to reception, by the node 10, of a reconfiguration request associated with a preference
mdicator from the node 12, Thus, 1 one embodiment, the timer(s) may be stanted
response to either transmission of a preference indicator by the node 10 or reception of
a reconfiguration request assoctated with & preference indicator by the node 10, More

specifically, as llustrated 1 Figure 2, the pode 10 receives a reconfiguration request
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11

associated with the preference indicator for the first configuration (preference indicator
1} from the node 12 via the wireless receiver 16 of the node 10 {step 2000). The node
10 then reconfigures itself for the first configuration in respounse to the reconfiguration
request {step 2002).

In response to receiving the reconfiguration request associated with the
preference dicator for the first configuration, the node 10 starts the timer that is set to
the value that defines the amount of time that must expire before the node 10 1s
permitted to fransmit the preference indicator for the second configuration {preference
indicator 23 to the node 12 (step 2004). As discussed above, the value to which the
tiner 1s set can vary depending on the particular nuplementation. In general, the value
for the timer may be any value greater than or equal to zero. However, n one preferred
embodiment, the value lo which the timer is set 15 mversely related to a delay
sensitivity of operations associated with the first configuration. In other words, in one
preferred embodiment, the value to which the timer is set i3 a function of the preference
mndicator for which the node 10 is to block transmission until the timer has expired.
Once the timer 18 started, the node 10 then blocks wansmission of the preference
fandicator for the second configuration to the node 12 until the timer started in step 2004
has expived (step 20006). In this manner, excessive signaling of preference indicators
from the node 10 to the node 12 i3 prevented. At some point, after the timer has
expired, the noede 10 transmits the preference ndicator for the second configuration to
the node 12 via the wireless transmitter 14 {step 2008). In other words, once the timer
has expired, the node 10 permits transmission of the preference mdicator for the second
configuration to the node 12.

In this embodiment, in response to transmitting the preference indicator for the
second configaration in step 2008 {or alternatively receiving a reconfiguration request
assaciated with the preference indicator for the second configoration from the node 12),
the node 10 starts the timer set to the value that defines the amount of time that must
expire before the node 10 is permitted to transmit the preference indicator for the first
configuration (preference mdicator 1) to the node 12 (step 2010}, Again, the value to
which the timer is set can vary depending on the particular implementation. In peneral,
the value for the timer may be any value greater than or equal to zero. However, i one

preferred ernbodiment, the value to which the timer 18 set i3 inversely related to a delay
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sensitivity of operations associated with the first configuration. In other words, in one
preferred embodinent, the value to which the timer is set 18 a function of the preference
mdicator for which the node 10 is to block transmission until the timer has expired.
Once the timer is started in step 2010, the node 10 then blocks transmission of the
preference ndicator for the first configuration to the node 12 vatil the timer started in
step 2010 has expired (step 2012). In thus manner, excessive signaling of preference
mdicators from the node 10 to the node 12 is prevented. At some point, after the timer
has expired, the node 10 transmits the preference indicator for the first configuration to
the node 12 via the wireless transmitter 14 (step 2014). In other words, once the timer
has expired, the node 10} permits transmission of the preference indicator for the first
configuration to the node 12, The process may then continue i the manner described
above.

While Figures 1 and 2 illustrate embodiments that are applicable to any type of
nodes 10 and 12 equpped with wireless transmitters 14 and I8 and wireless receivers
16 and 20, Figures 3 through 9 illustrate embodiments in which excessive signaling of
assistance information in a cellular commuanications network 22 18 avorded. For these
embodiments, the cellular communications network 22 is preferably a 3GPP LTE
cellular communications network., However, it should be appreciated that the svstems
and methads disclosed herein can also be used for other types of cellular
communications networks. In this regard, Figure 3 illustrates a base station (BS) 24
awd a wireless device {WD) 26 m the cellular communications network 22, For LTE,
the base station 24 is also referred to as an eNB, and the wireless device 26 15 also
referred to as a UE. Note that the base station 24 may altermatively be a low power
base station {e.g., a pico or femto base station).

Figure 4 illustrates the operation of the wireless device 26 of Figore 3 1o signal
assistance mformation to the base station 24 in a mamner that avoids excessive
signaling according to one embodiment of the present disclosure.  As ilustrated, the
wirgless device 26 transmits a preference indicator for a power efficient configuration
to the base station 24 (step 3000}, The preference indicator for the power effictent
confignration is preferably a preference indicator for a power efficient DRX
configuration, which is preferably associated with one or more delay insensitive, or

delay tolerant, operations. In particular embodiments, the power efficient configuration
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represents a configuration in which the UE consumes less power andior otherwise
operates i g wore power efficient manner than a normal configuration (such as a
default configuration) under which the UE would otherwise operate. In one
embodiment, the preference incdicator for the power efficient configuration is one of a
predefined set of preference indicators including the preference indicator for the power
efficient configuration and a preference mdicator for a3 pormal, or default, power
configuration, Further, while the preference indicator may be transmitted using any
suitable mechanism, i one embodiment, the preference mdicator 15 transnutted via a
Radio Resource Control {RRC) or Media Access Control (MAC) message.

While not tHustrated, the base station 24 utilizes the preference indicator from
the wireless device 26 to decide whether to reconfigure the wireless connection. In one
preferred embodiment, the base station 24 utilizes the preference ndicator from the
wireless device 26 to select one set of DRX parameters from multiple predefined sets of
DRX parameters that are suitable for different types of services, e.g.. Voice over
Internet Protocol {VoIP), video telephony, gaming, web browsing, etc. Note, however,
that the base station 24 does not necessarly reconfigure the wireless connection m
response to reception of the preference indicator. The decision of the base station 24
may be made based on additional factors,

In response to transmitting the preference indicator for the power efficient
configuration to the base station 24, the wireless device 26 starts a timer that s set to a
value that defines an amount of time that must expire before the wireless device 26 s
pernutted to transimit the preference indicator for the normal power configuration to the
base station 24 (step 3002} The preference ndicator for the normal power
configuration is preferably a preference indicator for a nommal power DRX
configuration. which is preferably associated with one or more delay sensitive, or delay
intolerant, operations.  The value to which the timer 15 set can vary depending on the
particular implementation. In general, the value for the timer may be any valoe greater
than or equal 10 zero. However, in one preferved embodiment, the value to which the
timer is set s inversely related to a delay sensitivity of operations associated with the
normal power configuration. In this embodiment, the normal power configuration is
associated with one or more operations that are delay sensitive and, as such, the value

to which the timer is set s small {L.e,, smaller thap a value that would be used for the
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power efficient configuration).  As an example, the value to which the timer i3 set in
step 3002 may be zero or some value near zero {e.g., a value that s less than 1 second).
In this manner, when a triggering event occurs for switching from the power efficient
configuration to the normal power configuration, there will be a small or no delay
before ransmitting the preference indicator for the normal power configuration to the
base station 24.

Once the timer is started, the wireless device 26 then blocks transmission of the
preference mdicator for the normal power configuration to the base station 24 until the
timer started in step 3002 has expired {step 3004). More specifically, events at the
wireless device 26 can trigger an atlempt to transmit the preference indicator for the
nermal power configuration. For example, a user of the wireless device 26 may switch
the wireless device 26 from a power efficient mode of operation to a normal power
mode of operation. In response, the wireless device 26 attempts to transmit the
preference indicator for the normal power configuration. If the timer started in step
3002 has not expired, the wireless device 26 blocks transmission of the preference
mdicator for the normal power configuwration. In this manner, excessive signaling of
preference indicators from the wireless device 26 to the base station 24 is prevented.
At some point, after the timer has expired, the wireless device 26 wansmits the
preference indicator for the normal power configuration to the base station 24 (step
3000}, In other words, once the timer has expired, the wircless device 26 permuits
transmission of the preference indicator for the normal power configuration to the base
statton 24.

In this embodiment, in response to transmitting the preference indicator for the
normal power configuration in step 3006, the wireless device 26 starts a timer set to a
value that defines an amount of time that must expire before the wireless device 26 15
permitted to transmit the preference mdicator for the power efficient configuration to
the base station 24 (step 3008). Notably, the timer for step 3008 is preferably the same
timer as used for steps 3002 and 3004 above but is set 10 a different value. The value to
which the timer is set can vary depending on the particular implementation. In general,
the value for the timer may be any value greater than or equal to zere. However, in one
preferred embodiment, the value to which the timer s set is inversely related to a delay

sensitivity of operations associated with the power efficient configuration.  In this
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embodiment, the one or more operations associated with the power efficient
configuration are delay insensifive and, as such, the value to which the timer is set is
large (1.e., larger than the value that is used for the normal power configuration). As an
example, the value to which the timer is set in step 3008 may be tens or hundreds of
seconds.

Once the timer 1s started n step 3008, the wircless device 26 then blocks
transpmssion of the preference indicator for the power efficient configoration to the
base station 24 ontil the timer started m step 3008 has expired (step 3010). More
spectfically, events at the wireless device 26 can wrigger an attempt to transmit the
preference indicator for the power efficient configaration. For example, the user of the
wireless device 26 may switch the wireless device 26 from the normal mode of
operation 1o the power efficient mode of operation. In response, the wireless device 26
atterapts to transmit the preference indicator for the power efficient configuration for
the wireless conpection. If the timer started in step 3008 has not expired, the wireless
device 26 blocks transmission of the preference mdicator for the power efficient
configuration. In this manner, excessive signaling of preference indicators from the
wireless device 26 to the base station 24 is prevented. At some point, after the timer
has expired, the wircless device 26 wansmits the preference wdicator for the power
efficient configuration to the base station 24 (step 3012). In other words, once the
timer has expired, the wireless device 20 permits transmission of the preference
inchicator for the power efficient configuration 1o the base station 24. The process may
then continue in the manner described ghove.

As discussed above, Figure 4 illostrates an embodiment where the timer(s)
is{are) started in response to transmission of a preference indicator from the wireless
device 26 1o the base station 24. However, in another embodiment, the timer(s) can be
started in response o reception, by the wireless device 26, of a reconfiguration request
assoctated with a preference indicator from the base station 24, Thus, 1n one
embodiment, the timer(s) may be started m response to either transmission of a
preference indicator or reception of a reconfiguration request associated with a
preference indicator.

Before proceeding, it should be noted that the preference ndicators for the

power efficient and normal power configurations may be part of a larger set of
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preference indicators. Each preference indicator may correspond o a different set of
configuration parameter values at the base station 24, In thus case, the timer or differemt
timers may be set to different values and may be utilized to block excessive
trapsmission of the other preference indicators as desired.  However, i one
embodiment, no timer may be used for one or more of the preference indicators. In
ather words, 1t is not necessary for the timer or some other timer to be used to block
excessive signaling for all of the preference indicators in the predefined set.

Figures S through 7 Hlustrate the operation of the wireless device 26 of Figure 3
to avoid excessive signaling of assistance information according to  another
embodiment of the present disclosure. The embodunents of Figures 5 through 7
iHustrate a more detatted embodiment in which the wireless device 26 blocks excessive
signaling of assistance information including preference indicators wtilizing an
assistance information procedure that either blocks transmission of the assistance
mformation or iniiates transmussion of the assistance informmtion based on a
corresponding timer. More specifically, as illustrated in Figure 5, the wireless device
26 establishes a connection to the base station 24 {step 4000). The wireless device 26
can establish the connection to the base station 24 using a random acecess procedure or
anty other suitable procedure.

Once connected, the wireless device 26 receives configuration information
mcluding one or move timer values from the base station 24 (step 4002). The
confipuration mformation mcludes any suitable configuration information for the
wireless connection between the wireless device 26 and the base station 24 such as, for
example. an imtial set of DRX parameter values. In addition, the configuration
mformation includes one or more timer values to be utihized by the wireless device 26
to block excessive signaling of assistance information, as discussed below.

In response to an appropriate triggering event, the wireless device 26 initiates an
assistance mformation procedure (step 4004). The triggering event s generally any
event that causes the wireless device 26 to attempt to transmit assistance information,
mcluding a power preference 1ndicator, to the base station 24, For example, the
triggering event may be user input from a user of the wireless device 26 that switches
the wireless device 26 from a normal power mode to a power efficient mode or vice

versa. As another example, the triggering event may be terminating a delay sensitive
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application {e.z., ending a VoIP session) while a delay insensitive application {e.g., a
social networking application) remaing active,  Neote, however, that these tniggering
events are only examples. As will be appreciated by one of ordinary skill in the arnt, the
triggering events for the assistance nformation procedure will vary depending on the
particular implementation of the wireless device 26.

Once initiated, the wireless device 26 performs the assistance information
procedure (step 4006). As discussed below in detaid, by performing the assistance
mformation procedure, the wireless device 26 determines whether to block or permit
transmission of assistance information.  In this example, vsing the assistance
mformation procedure, the wireless device 26 decides to permit transmission of
assistance information.  As a result, the wireless device 26 transmits assistance
mformation including a power preference indicator to the base station 24 {step 4008).
White pot illustrated, the base station 24 decides whether to reconfigure the wireless
connection {e.g., the DRX parameters) for the wireless device 26 based on the power
preference indictor in the assistance mformation.

Sometime after transmitiing the assistance information, the wireless device 26
again initiates the assistance information procedure in response to a friggering event
{step 4010). Again, the friggering event is generally any event that causes the wireless
device 26 to attempt to transmif assistance information, inchuding a power preference
mdicator, to the hase station 24, Once the assistance iformation procedure is mitated,
the wireless device 26 performs the assistance mformation procedure to decide whether
to block or penmit transmission of assistance mformation {step 4012). In this example,
asing the assistance information procedure, the wireless device 26 decides to block
transmission of assistance information {step 4014). This process then continues.

Figure 6 is a flow chart that iltustrates the assistance information procedure of
steps 4006 and 4012 of Figure 3 In more detail according to one embodinment of the
present disclosure. Once the assistance information procedure is initiated, the wireless
device 26 determines whether the wireless device 20 is configured to transmit
assistance information {step 50003 More specifically, some base stations 24 may
permit transmission of assistance information while other base stations 24 do not. As
such, the configuration nformation received by the wireless device 26 m step 4002 of

Figure § may include an mdication of whether the wireless device 26 is configured to



WO 2014/020569 PCT/IB2013/056331

10

15

20

25

30

18

transimit assistance information.  If the wireless device is not configured to transmit
assistance information, the process ends, in which case no assistance information is
trapsmitied.

If the wireless device 26 is configured to transmit assistance information, the
wireless device 20 determuines whether the wireless device 26 has transnutted a power
preference indicator since the wireless device 26 was configured to transmit assistance
mformation {step 5002). I not, the process proceeds to step 3010 where the wircless
device 26 intfiates transmussion of assistance mformation. However, if the wireless
device 26 has transmitted a power preference indicator since the wireless device 26 was
configured to transmit assistance information, the wireless device 26 determines
whether a power preference indicator that the wireless device 26 desires to wransmit
{i.e., a current power preference indicator) is different than a most recent power
preference indicator transmitted by the wireless device 26 (step 5004). If so, the
wireless device 26 determines whether a timer bas expired (step S006). As discussed
below, the timer was started in vesponse to a previous trapsmission of a power
preference idicator by the wireless device 26 or, alternatively, 11 response to recerving
a reconfiguration request associated with a power preference indicator. If the timer has
not expired, then the wireless device 26 blocks transrmssion of assistance wformation
mchuding the current power preference indicator (step 5008), and then the process ends.
However, if the timer bas expired, then the wireless device 26 initiates transnussion of
assistance mformation melnding the current power preference indicator (step 5010},

Returning to step 5004, if the curvent power preference indicator is not different
than the most recent power preference indicator transmitted by the wireless device 26,
the wireless device 26 then determines whether the wireless device 26 has wransmitted a
power preference indicator during the last 1 second(s) preceding reception of an
RRCConnectionReconfiguration including mobilinControllnfo {step 5012). If not, the
wireless device 26 blocks transnussion of assistance information including the corrent
power preference indicator (step 5008). Otherwise, the wireless device 26 initiates
transnussion of assistance information incloding the current power preference indicator
{step 5010). Notably, the decision of step 5012 is beneficial in scenarios where, for
example, the wireless device 26 transmitted assistance information meluding a power

preference indicator to a previous base station 24 just prior to handover to the base
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station 24, ln that case, it may be beneficial to repeat transmission of the same power
preference indicgtor to the base station 24 after the handover,

Figure 7 Ulustrates an assistance information transmission process performed by
the wireless device 206 in response to initiating transmission of assistance information in
step 5010 of Figure 6 according to one embodiment of the present disclosure. First, the
wireless device 26 determines whether the current power preference dicator for the
wireless device 26 is the indicator for the power efficient configuration (step 6000}, If
not, the current power preference indicator 1s the preference mdicator for the normal
power configuration. As such, the wireless device 26 starts the timer with a value that
defines an amount of time that must expire before the wireless device 26 is permitted to
transmit asastance information including the preference indicator for the power
efficient configuration (step 6002). The value for the timer is preferably communicated
to the wirgless device 26 from the base station 24 as part of the configuration
mformation received m step 4002 of Figure § and is inversely related to the delay
sensitivity of one or more operations associated with the power efficient configuration.
The wireless device 26 also sets a power preference indicator within user information
to be transmitted 1o the preference indicator for the normal power configuration and
then transnuts the assistance information (steps 6004 and 6006). The power preference
mdicator may be set by setting one or more bits within the assistance mformation.

¢ gny suitable mechanism

= ~

Further, the assistance information may be transmitted usin
such as, for example, an RRC or MAC message.

Returning to step 6000, if the current power preference indicator s the
preference indicator for the power efficient configuration, the wireless device 206
optionally starts the timer with a value that defines an amount of time that must expire
before the wireless device 26 is permitied to transmit the preference indicator for the
default, or nommal, power configuration {step 6008). The value for the timer is
tversely related to the delay sensitivity of one or more operations assoctated with the
normal power configuration. In this embodiment, the normal power configuration is
associated with one or more operations {e.g., VoIP) that are delay sensitive, or delay
intolerant and, as such, the value to which the timer is set is small or even zero. In one
embodiment, the value for the amount of time that must expire before the wireless

device 20 i1s permutted to transmit the preference indicator for the normal power
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configuration is zero and, as such, step 6008 may not need to be performed.
Parncularly if the value for the tmer is 8 non-zero value, the value for the timer i
preferably communicated to the wireless device 26 from the base station 24 as part of
the configuration mformation received in step 4002 of Figure 5. The wireless device
26 sets the power preference indicator within the assistance nformation to the
preference mdicator for the power efficient configuration and then transmits the
assistance information (steps 6010 and 6006).

To illostrate the processes of Figures 6 and 7, consider a scenano where the
wireless device 26 transmits assistance information mcloding the preference indicator
for the normal power configuration. Since switching to the power efficient
configuration is not time sensitive, the timer is set o a relatively large value (e.g., tens
or hundreds of seconds) m response lo transontting the assistance information including
the preference indicator. Thereafter, in response to a wiggering event, the wireless
device 26 ininates the assistance mformation process of Figure 6. If the triggering
event is associated with a preference indicator for the power efficient configuration, the
wireless device 26 determines that the current power preference ndicator (le., the
fndicator for the power efficient configuration) is different than the mwosf recent
preference indicator transmitted by the wireless device 26 (i.e, the indicator for the
normal power configuration). As such, the wireless device 26 then determines whether
the timer has expired. If wnet, transmission of assistance information wchuding the
current power preference indicator i3 blocked. However, if the timer has expired, the
wireless device 26 imtiates the transmission process of Figure 7.

If the transmussion process 1s imtiated, the wireless device 26 determines that
the current power preference indicator is for the power efficient configuration.
Assaming in this example that the value for the timer for blocking transmission of the
preference indicator for the normal power configuration 18 zero, the wireless device 26
does not need to set and start the timer (which 15 equivalent to starting the timer with a
value of zero). The wireless device 26 then sets the power preference indicator in the
assistance information to be transmutied to the preference indicator for the power
preference indicator and transmits the assistance mformation to the base station 24.

Subsequently, when the assistance information procedure is triggered by an

event associated with the preference mdicator for the normal power configuration, the
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assistance information procedure mitiates transmission of assistance information
because the carrent preference indicator is different than the wost recent preference
indicator transmitted by the wireless device 20 (i.e., the preference indicator for the
power efficient configuration) and the timer has expired.  As a result, using the
transmission process of Figure 7, the wireless device 26 starts the timer with the valoe
that defines the amount of time that muust expire before transmission of the preference
indicator for the power efficient configuration, sets the power preference indicator of
the assistance information to the mndicator for the normal power configuration, and
transmits the assistance information. The process then continues in this manner.

Figure 8 is a block diagram of the wireless device 26 of Figwe 3 according to
one ¢mbodiment of the present disclosure.  As illustrated, the wireless device 26
mcludes a radio subsystem 28 having a wireless transmitter 30 and a wireless receiver
32 (Le., a radio frequency (RF) transmitter 30 and a RF receiver 32) and a processing
subsystem 34, The wireless transmitter 30 and the wireless receiver 32 include analog
and, in some embodiments, digital components for sending and receiving data to and
from the base station 24 (Figure 3). From a wireless communications protocol view,
the radio subsystem 28 implements at least part of Laver 1 {i.e., the Physical or “PHY”
Laver}.

The processing subsystem 34 generally implements any remaining portion of
Layer 1 as well as functions for higher lavers in the wireless communications protocol
{e.g., Laver 2 {data hnk layer), Laver 3 (network laver), etc.). In particular
embodiments, the processing subsystem 34 may comprise, for example, one or several
general-purpose  or  special-purpose  microprocessors  of  other mcrocontrollers
programmed with suitable software andfor fixmware to carry oot some or all of the
functionality of the wireless device 26 deseribed herein.  In addition or alternatively,
the processing subsvsten 34 mav comprise various digital hardware blocks {e.g., one or
more Application Specific Integrated Circnits (ASICs), one or more off-the-shelf
digital and analog hardware components, or a combination thereof) configured to carry
out some or all of the functionahty of the wireless device 26 described herein,
Additionally, in particular embodiments, the above-described functionality of the
wireless device 26 may be implemented, in whole or in part, by the processing

subsystem 34 execoting software or other instructions stored on a non-transitory
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computer-readable medinm, such as Random Access Memory (RAM), Read Ounly
Memory {ROM), a magnetic storage device, an optical storage device, or any other
saitable type of data storage components. Of course, the detailed operation for each of
the functional protocol lavers, and thus the radio subsystem 28 and the processing
subsystem 34, will vary depending on both the particular implementation as well as the
standard or standards supported by the wireless device 20,

Figure 9 1s a block diagram of the base station 24 of Figure 3 according to one
embodiment of the present disclosare.  As illostrated, the base station 24 inclades a
radio subsystem 36 having a wireless transmitter 38 {ie. a RF transmitter} and a
wireless receiver 40 (1.e., a RF receiver) and a processing subsystem 42, The wireless
transmitter 38 and the wireless receiver 40 generally include anslog and, m some
embodiments. digital components for sending and receiving data to and from wireless
devices {e.g.. the wireless device 26) within the corresponding celll From a wireless
communications protocol view, the radio subsystem 36 implements at least part of
Laver 1 (i.e., the Physical or “PHY™ Laver).

The processing subsystem 42 generally implements any remaining portion of
Layer 1 not implemented in the radio subsystems 36 as well as functions for higher
fayers in the wireless communications protocol (e.g., Laver 2 (data Huk layer), Layer 3
{network layer), etc.). In particalar embodiments, the processing subsystam 42 may
comprise, for cxample, one or several general-purpose or special-purpose
microprocessors or other microcontrollers programmed with suitable software andior
firmware to carry out some or all of the functionality of the base station 24 described
herein. In addition or alternatively, the processing subsystem 42 may comprise various
digital hardware blocks {e.g., one or more ASICs, one or more off-the-shelf digital and
analog hardware components, or a combination thereof) configured to carry out some
or all of the functionality of the base station 24 described herem.  Additionally, in
particular embodiments, the above described functionality of the base station 24 may be
implemented, in whole or in part, by the processing subsystem 42 executing software or
other tnstructions stored on g non-transitory computer-readable medium, such as RAM,
ROM, a magnetic storage device, an optical storage device, or any other snitable type

of data storage components.
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The following acronyms are used throughout this disclosure.

» IGPP 3" Generation Parinership Project
. ASIC Application Specific Integrated Circuit
. BS Base Station
5 e DRX Discontinuous Reception

» eDDA Enhancements for Diverse Data Applications
. eNB eNodeB
. E-UTRAN  Evolved Universal Terrestrial Radio Access Network
) LTE Long Term Evolution

10 » MAC Media Access Control
» RAM Random Access Memory
. RAN Radio Access Network
. Rel-1t Release 11
. RF Radio Frequency

15 o ROM Read Only Memory
» RRC Radio Resource Control
* RX Recetve or Recetver
. SAE System Architecture Evolution
» 15 Technical Specification

20 . TX Transmit or Transmitter
. UE User Equipment or User Element
. VolP Voice over Internet Protocol
. WCDMA Wideband Code Division Multiple Access
» WD Wireless Device

25 . wWG2 Work Group 2
* Wi Work tem

Those skilled in the art will recognize wmprovements and medifications to the
preferred embodiments of the present disclosure.  All such mmprovements and
30 modifications are considered within the scope of the concepts disclosed herein and the

claims that follow.
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WHAT IS CLAIMED IS:

1. A method of operation of a wireless device in a cellular communications network, the
wireless device including a wireless transmitter and a wireless receiver, the method including:

identifying a preference for a first power configuration;

starting a timer, the timer being set to a predefined value;

transmitting a preference indicator for the first power configuration via the wireless
transmitter; and

blocking transmission of a preference indicator for a second power configuration until the
timer has expired, the second power configuration being different than the first power

configuration.

2. The method of claim 1 wherein the predefined value is inversely related to a delay

sensitivity of operations associated with the second power configuration.

3. The method of claim 1 further including:

identifying a preference for the second power configuration;

setting a preference indicator to indicate the preference for the second power
configuration; and

transmitting the preference indicator for the second power configuration via the wireless

transmitter after the timer has expired.

4. The method of claim 3 further including:
identifying a preference for the first power configuration;
restarting the timer, the timer set to the predefined value; and
blocking transmission of the preference indicator for the second power configuration

until the timer has expired.
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5. The method of claim 4 further including transmitting the preference indicator for the first
power configuration via the wireless transmitter after the timer set to the predefined value has

expired.

6. The method of claim 1 wherein the preference indicator for the first power configuration
is a preference indicator for a normal power configuration, and the preference indicator for the
second power configuration is a preference indicator for a power efficient configuration, and
wherein the wireless device consumes less power during operation when operating in the power

efficient configuration than when operating in the normal power configuration.

7. The method of claim 6 wherein the normal power configuration and the power efficient
configuration are configurations for a discontinuous reception mode of operation of the wireless

device while in a connected state.

8. The method of claim 6 further including transmitting the preference indicator for the

power efficient configuration via the wireless transmitter after the timer has expired.

9. The method of claim 1 wherein the preference indicator for the first power configuration
is a preference indicator for a power efficient configuration, and the preference indicator for the
second power configuration is a preference indicator for a normal power configuration, and

wherein the wireless device consumes less power during operation when operating in the power

efficient configuration.

10.  The method of claim 9 wherein the normal power configuration and the power efficient
configuration are configurations for a discontinuous reception mode of operation of the wireless

device while in a connected state.

11. The method of claim 9 further including transmitting the preference indicator for the

normal power configuration via the wireless transmitter after the timer has expired.
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12. The method of claim 11 further including:

identifying a preference for the normal power configuration prior to transmitting the
preference indicator for the normal power configuration;

starting a timer set to a predefined value; and

blocking transmission of the preference indicator for the power efficient configuration

until the timer has expired.

13. The method of claim 12 further including transmitting the preference indicator for the
power efficient configuration via the wireless transmitter after the timer set to the predefined

value has expired.

14.  The method of claim 1 wherein blocking transmission of the preference indicator for the
second power configuration until the timer has expired includes:

initiating an assistance information procedure; and

performing the assistance information procedure to determine whether to block or initiate
transmission of assistance information including a preference indicator for a desired power

configuration.

15, The method of claim 14 wherein performing the assistance information procedure
includes:
determining whether the preference indicator for the desired power configuration is the
preference indicator for the second power configuration, which is different than the preference
indicator for the first power configuration; and
if the preference indictor for the desired power configuration is the preference indicator
for the second power configuration:
determining whether the timer has expired;
if the timer has not expired, blocking transmission of the assistance information
including the preference indicator for the second power configuration; and
if the timer has expired, initiating transmission of the assistance information

including the preference indicator for the second power configuration.
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16. The method of claim 15 further including, in response to initiating transmission of the
assistance information:
determining whether the preference indicator for the second power configuration is a
preference indicator for a power efficient configuration; and
if the preference indicator is the preference indicator for the power efficient
configuration:
setting a power preference indicator for the assistance information to the
preference indicator for the power efficient configuration; and
transmitting the assistance information including the power preference indicator

via the wireless transmitter.

17.  The method of claim 16 wherein the preference indicator for the first power configuration
is a preference indicator for a normal power configuration, and the preference indicator for the
second power configuration is the preference indicator for the power efficient configuration, and
wherein the wireless device consumes less power during operation when operating in the power

efficient configuration than when operating in the normal power configuration.

18.  The method of claim 1 wherein the predefined value is greater than or equal to zero.
19. The method of claim 1 wherein the predefined value is greater than zero.
20. A wireless device in a cellular communications network, including:

a wireless transmitter;
a wireless receiver; and
a processing subsystem associated with the wireless transmitter and the wireless receiver
configured to:
identify a preference for a first power configuration;
start a timer, the timer being set to a predefined value;
transmit a preference indicator for the first power configuration via the wireless

transmitter; and



2013298149 23 Feb 2016

28

block transmission of a preference indicator for a second power configuration
until the timer has expired, the second power configuration being different than the first

power configuration.
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