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(57) Abstract: Methods and arrangements for enabling reduced battery consumption in a mobile terminal. A method involves de-
termining a scheduling priority associated with the mobile terminal and/or a load level in a cell associated with the mobile terminal.
The method further involves determining whether a criterion is fulfilled based on the determined scheduling priority and/or load
level, where the criterion is associated with an anticipated waiting time until being scheduled. If the criterion is fulfilled the DRX
settings of the mobile terminal are adjusted, such that said settings are in accordance with the anticipated waiting time associated
with the criterion. Thereby, reduced battery consumption in the mobile terminal is enabled.
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METHOD AND ARRANGEMENT FOR ENABLING REDUCED BATTERY
CONSUMPTION IN A MOBILE TERMINAL

TECHNICAL FIELD

[01] The present invention relates generally to the control of devices in wireless
communication networks, and more particularly relates to techniques for
controlling the use of discontinuous reception (DRX) operation in wireless

communication devices.

BACKGROUND

[02] As wireless technologies become more versatile and offer higher data rates,
more and more mobile devices are deployed. Earlier visions of 50 billion wireless
connections are fast becoming reality, while predictions of more than 500 billion
connections are becoming more and more likely to be fulfilled.

[03] In addition, mobile devices are more powerful than before. People can
easily program and install new applications to their smart-phones according to
their preferences. However, these capabilities and advanced features like a big
screen, large memory and powerful CPU consume a lot of energy. Long battery
lifetime for a mobile terminal (a “user equipment” or “UE” in the terminology of the
3"-Generation Partnership Project, or 3GPP) is an important feature to device
users — thus improved conservation of the battery's energy is required for the
advancement of the UE terminal.

[04] To satisfy the need for providing reduced power consumption and thus
longer active UE time, the Long-Term Evolution (LTE) specifications developed by
3GPP include a set of functionalities to make UEs sleep when there is no need to
listen to the control channel, thus extending the useful battery life. These
functionalities are described in “3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; Evolved Universal Terrestrial Radio
Access (E-UTRA); Medium Access Control (MAC) protocol specification (Release
9),” 3GPP TS 36.321, v. 9.4.0, Nov. 2009.



WO 2013/074015 2 PCT/SE2012/050522

[05] According to said 3GPP specification, a feature called Discontinuous
Reception (DRX) allows the UE to monitor the Physical Downlink Control Channel
(PDCCH) only during certain time intervals specified by higher layers, for example
RRC signaling, instead of monitoring the PDCCH during every transmit-time-
interval (TTI). Thereby, the UE can dramatically decrease the power consumption
by turning off unused circuitry during the inactive intervals. The DRX settings may
provide benefits both in downlink and uplink. Figure 1 illustrates a network node
102 serving a number of mobile terminals 104, for which the DRX functionality
may be used. The network node 102 and the mobile terminals 104 in figure 1 are
associated with a cell 106, served by the network node 102.

[06] Below, the existing DRX functionality will be described in further detail.
The DRX functionality in RRC_CONNECTED state specifies two DRX cycles for
each UE, namely: the long DRX cycle and the short DRX cycle. The long DRX
cycle is typically used. The short DRX cycle is an optional feature, and is
configured for periods during which increased connectivity between the UE and
the wireless network is needed. Within each DRX cycle, there is an active period
and an inactive period. Within each DRX cycle, a UE is required to only listen to
control channels for a number of consecutive PDCCH sub-frames specified by a
timer called “On Duration Timer”, and can thus turn off radio-frequency (RF)
circuits when this timer expires (and the inactive period begins), until the cycle
begins again. When more frequent data activity is detected in downlink or uplink,
the radio base station (RBS) (“evolved NodeB” or “eNB” in LTE terminology) can
trigger the short DRX cycle for the UE. The transitions between long DRX cycle
and short DRX cycle are trigged directly by the RBS, or driven by a predefined
timer. Figure 2 illustrates the representation of a DRX cycle comprising an active
202 and an inactive period 204. For each cycle, the terminal turns on RF only for
the active “on” duration period 202, also indicated as “UE awake” in Figure 2.

[07] The settings for the DRX cycle can depend on the prior knowledge of traffic
type. For frequent traffic types, like AMR VolIP, 20ms of short DRX cycle fits to the
VolP frame interval. However, for traffic with a high sporadic behavior, a long DRX
cycle is preferred during the periods when the traffic has low activity.
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[08] Besides the On Duration timer and the short and long cycle timers, there are

also a number of other timers which may configure the active time periods for a
UE:

Inactivity Timer specifies the periods during which a UE shall monitor PDCCH
after successfully decoding a PDCCH assignment indicating an UL or DL data
transfer for this UE.

Retransmission Timer (both UL and DL), will be triggered when a HARQ

retransmission is expected.

HARQ RTT Timer (Hybrid Automatic Repeat reQuest; Round-Trip delay Time),
specifies the minimum amount of subframe(s) before a DL HARQ retransmission
is expected by the UE.

Timer for SR pending (Scheduling Request), if there is SR pending, UE has to
listen to PDCCH until the pending SR is cancelled. When an SR is triggered, it
shall be considered as pending until it is cancelled. Pending SR(s) shall be
cancelled when a MAC PDU including BSR is assembled or the allocated grants
can accommodate all pending data available for transmission.

[09] As a summary, according to the specification 3GPP TS 36.321, when a
DRX cycle is configured, the (UE) Active Time includes the time while
onDurationTimer or drx-Inactivity Timer or drx-RetransmissionTimer is running; or a
Scheduling Request is sent on PUCCH and is pending; or an uplink grant for a
pending HARQ retransmission can occur and there is data in the corresponding
HARQ buffer; or a PDCCH indicating a new transmission addressed to the C-RNTI
(Cell Radio Network Temporary ldentifier) of the UE has not been received after
successful reception of a Random Access Response for the preamble not selected
by the UE.

[010] When DRX is configured, the UE shall for each subframe:

if a HARQ RTT Timer expires in this subframe and the data in the soft buffer of the
corresponding HARQ process was not successfully decoded:
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start the drx-RetransmissionTimer for the corresponding HARQ

process.

if a DRX Command MAC control element is received:

stop onDurationTimer;
stop drx-InactivityTimer.
if drx-Inactivity Timer expires or a DRX Command MAC control element is received
in this subframe:
if the Short DRX cycle is configured:
start or restart drxShortCycleTimer,
use the Short DRX Cycle.

else:

use the Long DRX cycle.

if drxShortCycle Timer expires in this subframe:

use the Long DRX cycle.

If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo
(shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or

if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo
(longDRX-Cycle) = drxStartOffset:

start onDurationTimer.

during the Active Time, for a PDCCH-subframe, if the subframe is not required for
uplink transmission for half-duplex FDD UE operation and if the subframe is not

part of a configured measurement gap:
monitor the PDCCH,;

if the PDCCH indicates a DL transmission or if a DL assignment has been
configured for this subframe:
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start the HARQ RTT Timer for the corresponding HARQ process;

stop the drx-RetransmissionTimer for the corresponding HARQ

process.

if the PDCCH indicates a new transmission (DL or UL):

start or restart drx-lnactivityTimer.

when not in Active Time, type-0-triggered SRS [2] shall not be reported.
if CQI masking (cqgi-Mask) is setup by upper layers:

when onDurationTimer is not running, CQI/PMI/RI/PT| on PUCCH shall not be
reported.

else:

when not in Active Time, CQI/PMI/RI/PTI on PUCCH shall not be
reported

SUMMARY

[011] It would be desirable to extend the battery lifetime in mobile terminals, e.g.
to improve user satisfaction. That is, it would be desirable to extend the time
during which a UE may be actively used by a user after having fully charged the
battery, before the battery becomes discharged. It is an object of the invention to
reduce battery consumption in a mobile terminal, and thus enable extended
battery lifetime.

[012]} According to a first aspect, a method is provided in a network node (which
may be either a base station or a mobile terminal) in a wireless communication
system, for enabling reduced battery consumption in a mobile terminal. The
method involves determining a scheduling priority associated with the mobile
terminal and/or a load level in a cell associated with the mobile terminal. Further, it
is determined whether a criterion is fulfiled based on the determined scheduling

priority and/or load level, where the criterion is associated with an anticipated
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waiting time until being scheduled. If the criterion is fulfilled, the DRX settings of
the mobile terminal is adjusted, such that said settings are in accordance with the
anticipated waiting time associated with the criterion.

[013]) According to a second aspect, an arrangement is provided in a network
node, for enabling reduced battery consumption in a mobile terminal. The
arrangement comprises a determining unit, adapted to determine a scheduling
priority associated with the mobile terminal and/or a load level of a cell associated
with the mobile terminal. The determining unit is further adapted to determine
whether a criterion is fulfilled based on the determined scheduling priority and/or
load level, the criterion being associated with an anticipated waiting time until
being scheduled. The arrangement further comprises an adjusting unit, which is
adapted to, if the criterion is fulfilled, adjust the DRX settings of the mobile
terminal, such that said settings are in accordance with the anticipated waiting
time associated with the criterion.

[014] The above method and arrangement enable reduced battery consumption in
the mobile terminal, which leads to prolonged battery lifetime. Further, the
suggested technology enables differentiated power consumption for different
services.

[015] The above method and arrangement may be implemented in different
embodiments. For example, the adjustment of the DRX settings may involve
adjustment of one or more of: the Long DRX cycle timer, i.e., the length of the long
DRX cycle; the Short DRX cycle timer, i.e., the length of the short DRX cycle; the
On-duration timer; the Inactivity Timer; the Retransmission timer; the HARQ RTT
timer; the SR pending timer and the setting for a switch between long and short
DRX cycle. The he adjustment of the DRX settings may alternatively or in addition
involve adjustment of a timer associated with a time period from the first time
instant when the mobile terminal can, in theory, receive an uplink grant, to a time
when the terminal is anticipated to actually, in practice, receive the grant message
on a control channel, which time period depends on the system load and/or the
scheduling priority for the mobile terminal.
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[016] The DRX settings may be adjusted, in relation to current DRX settings, such
that the mobile terminal spends more time in an inactive state when the fulfilled
criterion is associated with a relatively longer waiting time, and such that the
mobile terminal spends more time in an active state when the fulfilled criterion is
associated with a relatively shorter waiting time. The scheduling priority associated
with the mobile terminal may be determined based on at least one a Quality of
Service Class Identifier (QCI) and/or an Allocation Retention and Priority (ARP)
value.

[017]) The load level may be determined base on at least one of: a number of
available physical resource blocks (PRBs); available control channel resources;
number of PDCCH grants; number of available PUCCH resources, and a Signal to
Interference and Noise Ratio. The network node may be a radio base station
serving the mobile terminal, in which case the adjusted DRX settings may be
signaled to the mobile terminal. The network node could alternatively be the
mobile terminal, in which case information related to the scheduling priority
associated with the mobile terminal and/or the load level of the cell associated with
the mobile terminal may be received from a serving network node, and the
scheduling priority associated with the mobile terminal and/or the load level of the
cell associated with the mobile terminal may be determinded based on said
information.

[018] Further, when the network node is a mobile terminal, the determining of the
load level of the cell associated with the mobile terminal may be determined based
on a time interval elapsed between a request for transmission resources until a
resource assignment related to said request is received from a serving network
node. Further, a set of candidate DRX settings may be received from a serving
network node, and a DRX setting may be selected from the set, based on the
scheduling priority associated with the mobile terminal and/or the load level of the
cell associated with the mobile terminal. The adjusting of the DRX settings of the
mobile terminal may then be based on the selected DRX settings.

[019] The embodiments above have mainly been described in terms of a method.
However, the description above is also intended to embrace embodiments of the
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arrangement, adapted to enable the performance of the above described features.
The different features of the exemplary embodiments above may be combined in
different ways according to need, requirements or preference.

[020] An addition method and arrangement is provided, for the case when the
network node described above is a mobile terminal:

[021] According to a third aspect a method is provided in a network node for
enabling reduced battery consumption in a mobile terminal served by the network
node. The method comprises determining a set of candidate DRX settings for
mobile terminal DRX setting adjustment, based on conditions associated with
different load levels and/or different scheduling priorities. The set of candidate
DRX settings are then signaled to the mobile terminal.

[022] According to a fourth aspect, an arrangement is provided in a network node
for enabling reduced battery consumption in a mobile terminal served by the
network node. The arrangement comprises a determining unit, adapted to
determine a set of candidate DRX settings, based on conditions associated with
different load levels and/or different scheduling priorities. The arrangement further
comprises a signaling unit, adapted to signal the set of candidate DRX settings to
the mobile terminal.

[023] The above method and arrangement according to the third and fourth
aspect enable the mobile terminal to select a DRX setting from the set based on a
scheduling priority associated with the mobile terminal and/or a load level of the
cell associated with the mobile terminal. This, in turn, enable reduced battery
consumption in the mobile terminal, which leads to prolonged battery lifetime.
Further, the suggested technology enables differentiated power consumption for
different services.

BRIEF DESCRIPTION OF THE DRAWINGS
[024] The invention will now be described in more detail by means of exemplifying

embodiments and with reference to the accompanying drawings, in which:
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Figure 1 shows a part of a wireless communication system in which the invention
may be applied.

Figure 2 shows an active and an inactive period of an exemplifying DRX cycle.

Figure 3 shows a schematic view of a DRX module according to an exemplifying
embodiment, and the input to the DRX module.

Figure 4a illustrates variations related to scheduling priorities and/or load over
time, and an exemplifying threshold used for decisions related to adjustment of
DRX settings, according to an exemplifying embodiment.

Figure 4b illustrates an exemplifying set of candidate DRX settings, each having
an associated decision criterion and an associated anticipated waiting time,
according to an exemplifying embodiment.

Figure 5 illustrates different time periods associated with scheduling requests.

Figure 6 is a flow chart illustrating a procedure in an RBS, according to an
exemplifying embodiment.

Figure 7 is a block chart illustrating an arrangement in an RBS, according to an
exemplifying embodiment

Figure 8 is a flow chart illustrating a procedure in a mobile terminal, according to
an exemplifying embodiment.

Figure 9 is a block chart illustrating an arrangement in a mobile terminal, according
to an exemplifying embodiment.

Figure 10 is a flow chart illustrating a procedure in an RBS, according to an
exemplifying embodiment.

Figure 11 is a block chart illustrating an arrangement in an RBS, according to an
exemplifying embodiment.
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Figures 12 and 13 are block charts illustrating arrangements according to
exemplifying embodiments.

DETAILED DESCRIPTION

[025]) Various embodiments of the present invention are now described. In the
following description, numerous specific details are set forth for purposes of
explanation, in order to provide a thorough understanding of one or more
embodiments. It will be evident to one of ordinary skill in the art, however, that
some embodiments of the present invention may be implemented or practiced
without one or more of these specific details.

[026] Note that although terminology from 3GPP LTE has been used in this
disclosure to exemplify the invention, this should not be seen as limiting the scope
of the invention to only the aforementioned system. Other wireless systems
including or adapted to include DRX techniques may also benefit from exploiting

the ideas covered within this disclosure.

[027] Also note that terminology such as base station and UE should be
considered non-limiting as applied to the principles of the invention. Thus, in
general, the RBS, e.g. eNB, in the discussion that follows may be considered more
generically as “device 1" and the mobile station or UE considered as “device 2,” in
some circumstances, with these two devices comprising communication nodes
communicating with each other over a radio channel.

[028] Conventionally, DRX settings are typically static at the cell level. As
previously described, in LTE standards to date, the DRX short cycle is triggered
based on the data activity in either the uplink (UL) or downlink (DL) for a given UE.
For example, when there is data waiting for transmission to or from a UE (currently

applying DRX long cycle), the DRX short cycle is triggered, or the UE enters active
mode

[029] However, which has been identified by the applicant, the fact that a UE has
data waiting for transmission in the UL or DL does not necessarily mean that the

UE can immediately start to transmit or receive said data. In order to transmit or
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receive data, the UE needs permission, typically in form of a scheduling
assignment. Thus, as identified by the applicant, battery resources may be wasted
when UEs applying short DRX cycle or having entered active state, still have to
wait considerable time before receiving a scheduling assignment.

In LTE, the permissions, or grants, for a UE to transfer or receive data is controlled
by the RBS. A UE is allowed to start the data transfer or prepare for the data
reception only when the UE receives the related scheduling assignments. The
scheduler assigns resources to users based on the scheduling priorities, and the
available system resources. The scheduling priorities are typically defined based
on the QoS Class Identifier (QCI), or the Allocation Retention and Priority (ARP)
priority between users. For example, a bearer carrying delay sensitive traffic
usually has higher priorities than bearers carrying delay insensitive traffic.
Depending on the applied scheduling policies, the packet delay, and the radio
channel quality, or the bit rate could be also considered. If multiple traffic types
are carried in the same bearer, then the scheduling priorities might be determined
based on DPI (deep packet inspection).

[030] As previously mentioned, scheduling assignments may also be allocated
based on the available system resources. Users with low scheduling priorities
have to wait until the users with higher priorities get assignments. They could wait
many TTls before being scheduled, especially when the system is highly loaded.
Hence, it is not very efficient for such users (applying long DRX cycle) with lower
priorities to trigger short DRX cycle or enter into active state. When the system is
highly loaded, even the users with higher priorities may have to wait considerable
time for scheduling assignments, and could therefore, as observed by the
applicant, have a longer DRX cycle than with the current settings, e.g. for the short
DRX cycle.

[031] In short, in this disclosure, an improved DRX functionality is suggested,
which involves adapting DRX cycle settings based on UE scheduling priorities
and/or the system load. For example, increasing DRX cycle timers or applying
long DRX cycle more frequently could achieve reduced UE power consumption,
and also improve system performance.
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[032] Herein, it has been focused on two different input parameters, based on
which the DRX settings may be adapted, namely the user scheduling priority and
the system, or cell, load. The DRX settings may be adapted based on one or both
of these parameters. The scheduling priority could e.g. be defined as the QCI, or
ARRP priority directly, or it could be calculated as a weight by considering e.g. the
QCI, or ARP priority; packet delay; bit rate; and/or radio channel quality. Since the
scheduling priority is calculated per user, the adaptive DRX settings could be
configured for users individually. Alternatively, or in addition, adaptive DRX
settings can be configured for a group of users, or an entire cell, based on

combined user priority information.

[033] The system load is determined at cell level, and could be reflected e.g. by
the number of available physical resource blocks (PRBs); the number of available
control channel resources, e.g., number of PDCCH grants or number of available
PUCCH resources, or even by a SINR (Signal to Interference and Noise Ratio) in
a cell. The system load indicates the amount of resources that are available for a
transmission.

[034] In other words, users with lower scheduling priorities and/or users that are
scheduled when system load is high will be assigned longer DRX cycle timers, or
will apply only long DRX cycle without short DRX cycle, or both. Since both
scheduling priorities and system load will vary over time, when the scheduling
priorities become higher or the system load is lower than the predefined threshold,
users will update DRX settings, with shorter DRX cycle timers, or apply short DRX
cycle together with long DRX cycle, or both.

[035] Figure 3 shows a schematic illustration of a DRX module 302, responsible
for adapting the DRX settings to current conditions based on information 304
related to scheduling priorities and/or information 306 on the system load. It is
assumed that scheduling priorities and system load are provided or made
available to the DRX module 302. The DRX module of figure 3 receives and
evaluates the inputs of the scheduling priorities and system load. If the inputs
satisfy a given criterion, the DRX module updates the DRX settings. These
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updated settings are then sent to the UE, e.g., by Radio Resource Control (RRC)
signaling messages.

[036] In the discussion above, DRX adaptation based on scheduling priorities
and/or system load is performed in the base station, or e.g. elsewhere in the core
network. Alternatively, DRX adaptation according to these or similar techniques
can be performed in the UE. These different approaches can be regarded as the
“RBS-centric alternative” and the “UE-centric alternative,” respectively. These
alternative implementations will be further described below.

RBS centric

[037] A DRX module located at the RBS side, e.g. in an eNB, may obtain
information of scheduling priorities and/or measured system load from other
entities within the RBS, such as e.g. from the scheduler, since this information is
available within an RBS. If the obtained information satisfies a predefined criterion,
the DRX module 302 updates the DRX settings for a UE, and informs the UE
about the updated settings, e.g. by use of RRC signaling messages. In the RBS
centric solution, the RBS controls the procedure, and decides when updated DRX
settings should be applied for a particular UE, and further decides how the DRX
settings should be updated.

[038] An exemplifying procedure in an RBS centric implementation could be
described as follows:

1. DRX module monitors both the scheduling info and the system load info

2. When determined by the DRX module that a parameter indicated by the
monitored info is over a predefined threshold for a UE, e.g. when the user
has low priority for scheduling and/or when the system is highly loaded, the
DRX module determines new appropriate DRX settings.

3. The UE is informed of the determined settings by RRC signaling.
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[039] Figure 4a illustrates an example scenario in which the scheduling priorities
for a given UE, the load information for the cell/RBS, or both, vary over time. As
can be seen from the figure, when the evaluation of the information meets a
predefined criteria (illustrated here as exceeding a threshold), the DRX settings
are updated. As will be discussed in further detail below, this updating of the DRX
settings can include e.g. one or more of increasing the DRX cycle time for the long
DRX cycle, increasing the DRX cycle time for the short DRX cycle, decreasing the
on-duration timer, adjusting the switching point between the long DRX cycle and
the short DRX cycle, etc.

UE centric

[040] When an RBS decides to change the DRX settings of a UE based on
information on the system load and/or scheduling information of a UE, the RBS
may send the updated settings to the UE using an RRC signaling message, e.g., a
radio link reconfiguration message. This can save UE battery. However, the
frequent update messages may create a high signaling overhead. To reduce the
signaling overhead, a UE centric solution may be used. In such a UE centric
alternative, the RBS may propose a number of DRX settings, which correspond to
different system load levels and/or different scheduling priorities. For example,
such DRX settings could be notified to a terminal when the terminal sets up a
bearer using RRC signaling messages. When to use the UE centric and when to
use the network or RBS centric alternative could be controlled by the RBS, e.qg.
eNB. The alternative selected by the RBS could be signaled to the UE e.g. by use
of an RRC signaling message, such as the radio link reconfiguration message.

{041] Then a UE may, e.g. upon an order from the RBS, apply adequate DRX
settings based on determined system load and/or scheduling priorities. The UE
may determine the load and/or scheduling priorities based on measurements of
the delay between the time instant when the UE transmits a SR and the time
instant when UE receives the resource assignment associated with said SR. If this
delay indicates a high system load, the DRX settings related to a high load should

be applied. If the delay indicates a low or medium load, the corresponding settings
should be applied.
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[042] As described above, the serving RBS may recommend, or provide, a
number of candidate DRX settings that could be selected by UE, or one or more
ranges of settings that can be selected by UE. An example of such a set of
candidate DRX settings is illustrated in figure 4b. In the example illustrated in
figure 4b, each candidate DRX setting is associated with a criterion and an
anticipated waiting time The UE may select DRX settings from these possible
candidate DRX settings based on the system load and/or scheduling priority
situation.

[043]) For example, the recommended candidate DRX settings may be derived by
an RBS based on the current scheduling priority of the UE. The UE may then
select DRX settings from the set of candidate DRX settings based on the system
load situation. In more detail, the UE may select a conservative DRX setting, e.g.,
in form of an extended DRX cycle, or, a more frequent use of long DRX cycle, in
case the expected time before the UE will receive a scheduling assignment is
long. Alternatively, the UE may select an aggressive setting, e.g., in form of a
shortened DRX cycle, in case the expected time before the UE will receive a
scheduling assignment is short, which may be expected e.g. when the system is
lightly loaded. “Long” and “short” should here be interpreted as relative terms,
where “long” is assumed to be longer than “short”. Long and short could be
assigned different (e.g. numerical) values by different operators, and different
values may be assigned for different categories of users or services. The setting of
decision criteria, such as thresholds, based on which it may be determined
whether the DRX settings should be adapted or not may be determined by the
operator based e.g. on results of simulations.

[044] One or several metrics can be “learned” by the UE from historical statistics,
and used by the UE to determine which DRX settings that should be selected. One
such metric is the delay between the time instant when UE first transmits a
scheduling request (SR) and the time instant when the UE gets the assignment,
evaluated over a particular time period. This metric can be used to reflect the
uplink load situation. Another metric is the delay between two consecutive
scheduling assignments for the downlink. If either or both metrics are over the



WO 2013/074015 16 PCT/SE2012/050522

given threshold, UE can determine whether the cell is highly loaded or lowly
loaded, then select the appropriate DRX settings, e.g. from a set of candidate DRX
settings provided by the RBS.

[045] This alternative is more driven by UE, and may thus involve less signaling
overhead, as compared to the RBS centric implementation.

Examples of adaptive DRX settings

[0486) It should be noted, that when discussing adjustment or adaptation of DRX
settings within this disclosure, it is not a conventional transition between
conventional long DRX cycle and conventional short DRX cycle that is meant. By
“conventional” is meant e.g. according to the current specifications.

[047] In either of the RBS-centric or UE-centric approaches described above, a
wide range of DRX settings may be adaptive responsive to priority information,
system loading information, or both. In some embodiments, only one of these
settings are adapted, while in others several settings are adapted. In some cases,
two or more settings may be adjusted simultaneously, based on a given criteria,
while in others, different settings are adjusted at different times, based on different
criteria (e.g., different thresholds).

[048] The different DRX settings which could be adaptively configurable could
include one or more of the settings below, but is not limited to these examples.

<

Long DRX cycle timer, i.e., the length of the long DRX cycle

0 Short DRX cycle timer, i.e., the length of the short DRX cycle
0 On-duration timer
0 Inactivity Timer

¢ Retransmission timer

¢ HARQ RTT timer
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0

SR pending timer, i.e., the time period from when user sends a SR until the
time instant when user gets the resource assignment. During this time
period, user has to be awake.

The setting for switch between long and short DRX cycle, i.e., the settings
could be defined based on the data activity. For example, if the transmitted
data volume fulfills a given threshold, then enable the short cycle.
Otherwise, trigger the long cycle.

[049] An example about how to adapt the DRX setting is clarified below.

When a high cell load is expected and a long waiting time before getting valid

assignments for a UE is anticipated, DRX settings could be updated as one or

more of:

1)

2)

3)

Increased DRX cycle timers, including both long cycle and/or short DRX
cycle.

Updated trigger criteria of the switch between the long DRX cycle and the
short DRX cycle, for example, increase the threshold of the data volume
based on which long cycle or short cycle should be triggered. Another
alternative is to disable short DRX cycle and use the long DRX cycle only.

Involving a waiting time for the pending SR, such that, during that period,
the PDCCH is not monitored. This length of the waiting time should be
updated based on the system load.

Exemplifying Embodiment 1: change DRX cycle timers based on the load

[050]

In this exemplifying embodiment, a scheduler evaluates the system, or cell,

load based on the consumption of PRBs. When having a given system bandwidth,

the total number of PRBs per cell is specified. The specified total number of PRBs

per cell may be denoted e.g. PRBtot. The system load is evaluated according to

the equation:



WO 2013/074015 18 PCT/SE2012/050522

Load = PRBused / PRBtot (1)

[051] Different load levels are defined, and a current load level could be
determined by comparing a measured or estimated load with a number of
predefined thresholds, Lthiow, Lthmedium, and Lthnigh. A number of candidate DRX
settings suitable for the different load levels could be recommended. For example,
one or two DRX settings per load level could be recommended. To smooth the
variation of a measured load, a filter may be used. In more detail, the system is
considered as having a low load level, e.g. when the load value calculated using
equation (1) is below the threshold Lthiow. When having determined that the
system load is “low”, a DRX setting adapted for low load will be applied. For
example, the DRX settings: “Long_cycle_timerlow and Short_cycle_timeriow” could
be applied. When the load value calculated using equation (1) exceeds the
threshold Lthmedium but is lower than the threshold Lthnigh, the system is
considered as having a medium load level. Then, the DRX settings:
“Long_cycle_timermedium and Short_cycle_timermedium” may be used.
Correspondingly, if the calculated load level exceeds the threshold Lthhigh, the
system is considered as highly loaded. At high load level, it may be beneficial to
apply DRX settings adapted for long waiting times, e.g. “Long_cycle_timernigh and
Short_cycle_timernigh.

[052) When the system is determined to be highly loaded, another alternative is to
apply only the long DRX cycle, e.g. by disabling the short cycle.

[053] The system load may be measured or estimated based on the control
channels. For example, the number of available PUCCH and PDCCH resource
elements could be determined, e.g., the number of available control channel
elements (CCEs). A similar methodology as the one described above may be
used. By available is here meant the number of resources that are free for use,
and not e.g. the total number of e.g. CCEs.

[054] Whether to determine the system load based e.g. on the available (free for
use) PRBs or available (free for use) CCEs could be dependent on the dominant
traffic in the system. For example, low bit rate traffic, such as VolIP, is typically
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control channel limited. In this case, it could be better to measure the system load
based on the CCEs. For high bit rate traffic, such as e.g. streaming of media, the
system is typically PRB limited. Then, it could be a good idea to measure the
system load based on PRB measurements.

[055] Another possible way to select what to measure is to monitor both available
PRBs and available CCEs, and use the measure that indicates the highest relative
load. In more detail, e.g., if the ratio of used PRBs is higher than the ratio of used
CCEs (with some margin to handle transient variations) then select the PRB
measurements to determine the load for DRX setting selection.

Exemplifying embodiment 2: change DRX cycle timers based on the scheduling

information

[056] In this exemplifying embodiment, the scheduling information is reflected by
the scheduling weight, which is calculated by the scheduler, with the inputs of QCI
(QoS Class ldentifier), which reflects the priority of the bearer in RAB (Radio
Access Bearer), and/or ARP priority (Allocation Retention and Priority), which is an
indication of the preemption priority for the bearer when congestion occurs. The
radio channel quality, e.g. represented by CQI and/or the packet delay could also
be used as input to the scheduler. Depending on the scheduling scheme, other
inputs could also be used, such as for example, the data rate during the recent
TTls could be used as input when a so-called proportional fair scheduling scheme
is applied.

Weight = f (scheduling scheme, QCI/ARP, CQl, delay, or data rate etc.) (2)

[057] As in the exemplifying embodiment 1 described above, the scheduling
weights calculated for a user may be filtered and compared with predefined
thresholds, e.g. Wthiow, Wthmedium, and Wthhigh. Correspondingly, a number of
DRX settings adapted or configured for different weight levels are recommended.
In more details, the user/UE is determined to have low scheduling priority when
the weight calculated using equation (2) is below the threshold Wthl. At low
scheduling priority, the DRX settings: “Long_cycle_timer/ow and
Short_cycle_timer/iow” may be applied. For example in an RBS centric solution,



WO 2013/074015 20 PCT/SE2012/050522

the RBS may order the UE to apply the settings; and in a UE centric solution, the
UE may select the settings from a set of candidates provided by the RBS. The
DRX settings associated with low scheduling priority, and thus associated with
longer waiting time before being scheduled, should have longer cycles and/or
longer idlef/inactive periods than DRX settings associated with a higher priority
level.

[058] When the calculated scheduling weights indicate that a UE has a higher
scheduling priority, e.g. has a scheduling weight which is equal to or exceeds
Withmedium (weight 2 Wthmedium ) or a scheduling weight which is equal to or
exceeds Withnigh (weight = Wthnigh), the RBS may order the UE to select the
settings which have shorter cycles and/or shorter idle/inactive periods, since the
corresponding users will have high priorities of being scheduled, and the waiting
time is thus anticipated to be short (shorter than for users having lower priority).

[059] Further, when the user has a low priority, another alternative is to apply the
long DRX cycle only, e.g. by disabling the short cycle.

[060] In the examples above, three different levels (low, medium and high) are
defined. However, the number of different levels is not limited by this example. For
example, more than three levels may be defined in order to enable adaptation
options of finer granularity.

Embodiment 3: Add a waiting time depending on the load or the scheduling info for
the pending SR/BSR

[061] Figure 5 illustrates the signaling procedure after a SR/BSR is triggered and
pending. The procedure can be split into 3 different time periods. The first (1%)

time period refers to the period from the time when the SR or BSR is triggered to
the first available time when the SR or BSR can be transmitted over the physical
uplink control channel (PUCCH). The second (2"%) time period refers to a period
from the time when the SR or BSR is started to transmit over PUCCH to the first
available time when the terminal can receive the uplink grant from the PDCCH
channel. Typically, the second time period will be determined by the uplink and
downlink round trip time for an SR or BSR transfer. The third (3") period refers to
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the period from the first time instant when the terminal can, in theory, receive the
uplink grant to the time when the terminal will actually, in practice, receive the
grant message from the PDCCH channel. This period depends on the system load
and/or the scheduling priority for the user. If the system is highly loaded, the third
period could be quite long. According to the standard specified in [1], a UE has to
listen to the PDCCH when a SR is pending until it is cancelled. Hence, according
to current standard, the PDCCH will be monitored during all the three periods
illustrated in figure 5. This is a waste of battery resources, since the UE will most
probably not receive any relevant information during these periods.

[062] In the work leading to this disclosure, it has been analyzed that the length of
third period depends on the system load and/or the scheduling priorities of the
users. If the system has low load, the length of the third period could be very short
or even be zero. The user/UE could then get the UL grant at the first (theoretically)
possible time instant. Similarly, if the user/UE has a high scheduling priority, the
user/UE will get scheduled before other users/UEs having lower priorities. Then,
the third period will also be relatively short. However, when the system has high
load, and/or the user has low priority for scheduling, the length of the third period
may be quite long. During this third time period, there is no need for the UE to
listen to PDCCH. Hence, it is here proposed to involve an additional timer, which is
associated with the third period. The length or runtime of such a timer should be
set adaptively, e.g. based on information on, or measurements of, the system load
and/or the user scheduling priority.

[063]) The settings of such a proposed timer may be determined in different ways.
A very straightforward alternative is to set the timer based on historic data, e.g.
statistics thereof. The RBS can e.g. determine one or more previous duration
values of the third period. When using only historical data for setting the duration
of the timer the system load or the scheduling weights do not need to be
measured for this purpose.

[064] Another alternative is to set the timer based on the measurement of the
system load and/or the scheduling weight of the user. As for the embodiments
described above, several different levels can be defined. For example, the levels:
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low load, medium load and high load can be defined for the system load; and/or
the levels: low, medium and high priority can be defined for the scheduling
weights. As a consequence, several different settings of the timer can be defined.

[065]) Within the period of this proposed timer, the terminal does not need to listen
to PDCCH. Further, if there is no UL grants received when the timer expires,
PDCCH shall not be monitored during the period from the time when the timer
expires to the first possible time when the next SR can be transmitted over
PUCCH.

[066] In the above embodiments, the system load and/or the scheduling
information can be measured or otherwise derived, e.g. simultaneously, and be
used as input to a DRX module. For example, the DRX module could first
determine, or identify, the system load, and then determine, or identify, the
scheduling weights for the individual users/UEs. If the system, or cell, has high
load, the same settings, e.g. involving longer DRX cycle timers, can be applied for
all the users/UE in the system or cell, without further consideration of individual
scheduling weights for the users/UEs. If the system has low or medium load, the
DRX module can further consider the scheduling weights for the users/UEs when
determining which DRX settings to apply. Users/UEs with higher scheduling
priority can have different DRX settings than the DRX settings applied for other
users with lower scheduling priority.

Exemplifying procedure, figure 6 (RBS centric

[067] A procedure in an RBS, for enabling reduced battery consumption in a
mobile terminal, is illustrated in figure 6. The RBS is assumed to be associated
with a cell and to be serving one or more mobile terminals.

[068] A cell load and/or scheduling priorities for the one or more mobile terminals
served by the RBS are determined in an action 602. As previously described, the
load could be determined e.g. based on the percentage of utilized PRBs and/or
the percentage of utilized control channel resources. These two are just non-
limiting examples of how to estimate the load. The scheduling priorities could be

obtained, e.g. in form of scheduling weights, from the scheduler, which is located
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in the RBS. The scheduling priorities could alternatively be derived in another
entity than the scheduler, using a similar algorithm as the scheduler and using the
same type of input parameters as the scheduler. For example, QCI, ARP priority,
packet delay, and/or data rate during the recent TTis could be used as input.

[069] When the cell load and/or scheduling priorities have been determined, it
could be determined in an action 604, whether the DRX settings should be
adjusted or not. This could be determined by determining whether one or more
criteria are fulfilled, based on the determined cell load and/or scheduling priorities,
where the one or more criteria are related to an anticipated waiting time before
being scheduled. For example, the determining could involve comparison of load
values and/or scheduling priority values with thresholds corresponding to different
load categories and/or scheduling priority categories, such as e.g. “low”, “medium”,
or “high” load, and “low”, “medium”, or “high” priority. Other granularities of
categories are possible. For example, a certain combination of high cell load “Y”
and low scheduling priority “Z" may be estimated or identified as being associated
with an anticipated waiting time “t” of at least x ms. This combination of load and
priority could then be defined as a criterion or threshold. For example, the criterion
may be formulated as that the determined cell load “y”" should exceed the load “Y"
and the determined scheduling priority “z” should be below the priority “Z". When
this criterion is fulfilled, DRX settings appropriate for the anticipated waiting time t
should be applied (c.f. figure 4b).

[070] Whether the DRX settings should be adjusted or not further depends on the
current DRX settings. If the current DRX settings are appropriate for the current
conditions regarding cell load and/or scheduling priorities, the settings do not need
to be adjusted. For example, the current DRX settings could be compared with
candidate DRX settings corresponding to a determined load level, and if there is a
match, no change of DRX settings is executed. Alternatively, no such comparison
is performed. If it is determined that the DRX settings should not be adjusted, the
current DRX settings could continue to be used. This is illustrated as a dashed
arrow from action 604 in figure 6.
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[071] Ifitis determined that the DRX settings should be adjusted, this is
performed in an action 606. The DRX settings of one or more mobile terminals are
adjusted, such that said settings are in accordance with the anticipated waiting
time associated with the criterion. The DRX settings could be adjusted in a number
of different ways, as previously described, e.g. by changing the length of the long
or short DRX cycle, or the time within a cycle during which the receiver is active.
Further, a new type of timer could be applied, which is associated with the time
period (after an SR or BSR has been triggered) from the first time instant when the
terminal can receive the uplink grant, to the time when the terminal may actually
receive the grant message from the PDCCH channel. This time period is
described as the third (3") time period in figure 4. For example, an inactive DRX
cycle period could be adjusted to correspond to said third time period, by adjusting
the duration of such a new timer based on load level and/or scheduling priority.

[072] The new DRX settings could then be signaled to the mobile terminal or
terminals in question, e.g. via RRC signaling, in an action 608.

Exemplifying network node (RBS), figure 7 (RBS centric)

[073] Below, an exemplifying network node 701, adapted to enable the
performance of the above described procedure will be described with reference to

figure 7. The network node 701 is operable to serve one or more mobile terminals
in a cell associated with the network node.

[074] The network node 701 is illustrated as to communicate with other entities
via a communication unit 702, which may be considered to comprise means for
wireless (and possibly wired) uplink and downlink communication. Parts of the
network node which are adapted to enable the performance of the above
described procedure are illustrated as an arrangement 700, surrounded by a
dashed line. This arrangement could be regarded e.g. as a “DRX module”, as
illustrated in figure 3. The network node 701 is further assumed to comprise a
scheduler 710, which may provide information to the arrangement 700. Possibly,
the scheduler 710 may be modified, as compared to a conventional scheduler, in
order to provide information on scheduling priorities to the arrangement 700 in a
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preferred way. The arrangement and/or network node may further comprise other
functional units 714, for providing e.g. regular node functions, such as serving
mobile terminals. The arrangement and/or network node may further comprise one
or more storage units 712.

[075]) The arrangement 700 could be implemented by processing circuitry, e.g. by
one or more of: a processor or a micro processor and adequate software and
storage therefore, a Programmable Logic Device (PLD) or other electronic
component(s)/processing circuit(s) configured to perform the actions mentioned
above in conjunction with figure 6.

[076) The arrangement 700 may be implemented and/or described as follows:
The arrangement 700 may comprise a determining unit 704, adapted to determine
a scheduling priority associated with a mobile terminal and/or a load level of the
cell associated with the mobile terminal. The determining unit 704 may further be
adapted to determine whether a criterion is fulfilled, based on the determined
scheduling priority and/or load level. The criterion, as described above, is
associated with an anticipated waiting time until the mobile terminal is scheduled.

[077) The arrangement 700 may further comprise an adjusting unit 706, adapted
to, when a criterion is fulfilled, adjust the DRX settings of the mobile terminal, such
that said settings are in accordance with the anticipated waiting time associated
with the criterion. This may be done in a number of different ways, as described
above. Thus, reduced battery consumption in the mobile terminal is enabled, due
to that the DRX settings will be adjusted to actual current conditions.

[078] The arrangement 700 may further comprise a signaling unit 708, adapted to
signal the adjusted DRX settings, or any indication thereof, to the UE or UEs in
question.

Exemplifying procedure, figure 8 (UE centric)

[079] Figure 8 illustrates a procedure in a mobile terminal, for enabling reduced
battery consumption in the mobile terminal. The mobile terminal is assumed to be
served by an RBS associated with a cell. Thus the mobile terminal is also
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associated with said cell. The procedure illustrated in figure 8 corresponds to a UE
centric solution. The procedure illustrated in figure 8 has many similarities with the
procedure illustrated in figure 6, but may involve some differences due e.g. to that
a mobile terminal and an RBS do not necessarily have access to the same
information. For example, the scheduler is typically located in the RBS and not in
the mobile terminal.

[080] A scheduling priority associated with the mobile terminal and/or a load level
in the cell associated with the mobile terminal is determined in an action 804. This
determining may be based on information on load level and/or scheduling priority
received from the RBS. Such information may be received e.g. in an action 801.
Alternatively, the determining may be based e.g. on measurements performed by
the mobile terminal.

[081] In a similar way as in the RBS centric solution, it is determined, in an action
806, whether a criterion is fulfilled. The determining is based on the determined
scheduling priority and/or load level. The criterion may be of the same type as
described above, and is associated with an anticipated waiting time until being
scheduled (until the mobile terminal is scheduled). The criterion may in addition
involve e.g. a comparison with current conditions, or use some other indicator of
changed conditions, to determine whether adequate DRX settings are already
applied.

[082] When a criterion is fulfilled, thus indicating that the DRX settings should be
adjusted, the DRX settings of the mobile terminal are adjusted, in an action 810,
such that said settings are in accordance with the anticipated waiting time
associated with the criterion. As described above, this may be achieved in a
number of ways.

[083] The mobile terminal should select appropriate DRX settings corresponding
to the anticipated waiting time. For example, a set of candidate DRX settings, as
the ones illustrated in figure 4b, corresponding to different load levels and/or
scheduling priorities could be provided to the mobile terminal by the RBS serving
the mobile terminal. The candidate DRX settings may each correspond to an
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anticipated waiting time, e.g. a time interval, before being scheduled. Such DRX
settings could e.g. be received in an action 802. Then, DRX settings could be
selected 808 from the set, based on the scheduling priority associated with the
mobile terminal and/or the load level of the cell associated with the mobile
terminal, (e.g. in form of the anticipated waiting time associated with a fulfilled
criterion in action 806). The selecting of DRX settings could also be regarded as
being integrated in action 806 or action 810. The adjusting of the DRX settings of
the mobile terminal in action 810 is then performed based on the selected DRX
settings.

Exemplifying network node (mobile terminal), figure 9 (UE centric)

[084] Below, an exemplifying network node 901, in form of a mobile terminal,
adapted to enable the performance of the above described procedure (UE centric)
will be described with reference to figure 9. The mobile terminal 901 is operable to
be served by an RBS associated with a cell. Thus the mobile terminal is operable
to be associated with said cell.

[085] The mobile terminal 901 is illustrated as to communicate with other entities
via a communication unit 902, which may be considered to comprise means for
wireless communication with a serving RBS. Parts of the mobile terminal which
are adapted to enable the performance of the above described procedure are
illustrated as an arrangement 900, surrounded by a dashed line. This arrangement
could be regarded e.g. as a "“DRX module”, as illustrated in figure 3. The
arrangement and/or mobile terminal may further comprise other functional units
912, for providing e.g. regular node functions. The arrangement and/or mobile
terminal may further comprise one or more storage units 910.

[086] The arrangement 900 could be implemented by processing circuitry, e.g. by
one or more of: a processor or a micro processor and adequate software and
storage therefore, a Programmable Logic Device (PLD) or other electronic
component(s)/processing circuit(s) configured to perform the actions mentioned
above in conjunction with figure 8.
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[087] The arrangement 900 may be implemented and/or described as follows:
The arrangement 900 may comprise an obtaining unit 903, adapted to obtain
information, e.g. by receiving information related to a scheduling priority
associated with the mobile terminal and/or a level of the cell associated with the
mobile terminal, from a serving network node. Further, a set of candidate DRX
settings (for DRX setting adjustment) could be received from the serving network
node.

[088] The arrangement 900 comprises a determining unit 904, adapted to
determine a scheduling priority associated with a mobile terminal and/or a load
level of the cell associated with the mobile terminal. The determining may be
based on information received from the serving network node and/or on
measurements performed by the mobile terminal. The determining unit 904 may
further be adapted to determine whether a criterion is fulfilled, based on the
determined scheduling priority and/or load level. The criterion, as described above,
is associated with an anticipated waiting time until the mobile terminal is
scheduled.

[089] The arrangement 900 may further comprise a selecting unit, 905, adapted to
select a DRX setting from the set, based on the scheduling priority associated with
the mobile terminal and/or the load level of the cell associated with the mobile
terminal. The selecting unit could alternatively be an integrated part e.g. of either
the determining unit 904 or an adjusting unit 906.

The arrangement 900 may further comprise an adjusting unit 906, adapted to,
when the criterion is fulfilled, adjust the DRX settings of the mobile terminal, such
that said settings are in accordance with the anticipated waiting time associated
with the criterion. This may be done in a number of different ways, as described
above. The adjusting of the DRX settings of the mobile terminal is based on the
selected candidate DRX settings.

[090] Thus reduced battery consumption in the mobile terminal is enabled, due to
that the DRX settings will be adjusted to actual current conditions.

Exemplifying procedure, figure 10 (UE centric)
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[091] In order to provide the mobile terminal with information for the UE centric
DRX adjustment solution described above, certain actions need to be performed in
the network node serving the mobile terminal. A procedure comprising such
actions is illustrated in figure 10. First, a set of candidate DRX settings is
determined in an action 1002. For example, the set may comprise DRX settings
suitable for the different load levels “low’, “medium” and “high” and/or different
scheduling priorities. The set is then signaled to the mobile terminal in an action
1004, e.g. using RRC signaling.

[092] It could be dynamically decided whether to use the RBS centric or the UE
centric solution. Thus an RBS may be adapted to handle both the procedure for
the RBS centric solution and the procedure for the UE centric solution.

Exemplifying network node (RBS), figure 11 (UE centric)

[093] Below, an exemplifying network node 1101, in form of an RBS, adapted to
enable the performance of the above described procedure associated with a UE
centric solution, will be described with reference to figure 11. The RBS 1101 is

operable to serve one or more mobile terminals and to be associated with a cell.

[094] The RBS 1101 is illustrated as to communicate with other entities via a
communication unit 1102, which may be considered to comprise means for
wireless communication with mobile terminals. Parts of the RBS which are
adapted to enable the performance of the above described procedure (figure 10)
are illustrated as an arrangement 1100, surrounded by a dashed line. This
arrangement could be regarded e.g. as a “DRX support module”. The arrangement
and/or RBS may further comprise other functional units 1110, for providing e.g.
remaining regular node functions and/or the units 704-710 described in
conjunction with figure 7. The arrangement and/or RBS may further comprise one
or more storage units 1108.

[095] The arrangement 1100 could be implemented by processing circuitry, e.g.
by one or more of: a processor or a micro processor and adequate software and
storage therefore, a Programmable Logic Device (PLD) or other electronic
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component(s)/processing circuit(s) configured to perform the actions mentioned
above in conjunction with figure 10.

[096] The arrangement 1100 may be implemented and/or described as follows:
The arrangement 1100 may comprise a determining unit 1104, adapted to
determine a set of candidate DRX settings for mobile terminal DRX setting
adjustment. The determining could be based on estimates and/or statistics of
different cell loads and/or scheduling priorities, and the anticipated waiting times
associated with said loads and/or priorities. Thus, candidate DRX settings which
are adequate for the different estimates and/or statistics can be determined. The
arrangement 1100 may further comprise a signaling unit 1106, adapted to signal
the set of candidate DRX settings to the mobile terminal.

Exemplifying arrangement, figure 12

[097] Figure 12 schematically shows a possible embodiment of an arrangement
1200, which also can be an alternative way of disclosing an embodiment of the
arrangement illustrated in any of figures 7 or 9. Comprised in the arrangement
1200 are here a processing unit 1206, e.g. with a DSP (Digital Signal Processor).
The processing unit 1206 may be a single unit or a plurality of units to perform
different actions of procedures described herein. The arrangement 1200 may also
comprise an input unit 1202 for receiving signals from other entities, and an output
unit 1204 for providing signal(s) to other entities. The input unit 1202 and the
output unit 1204 may be arranged as an integrated entity.

[098] Furthermore, the arrangement 1200 comprises at least one computer
program product 1208 in the form of a non-volatile memory, e.g. an EEPROM
(Electrically Erasable Programmable Read-Only Memory), a flash memory and a
hard drive. The computer program product 1208 comprises a computer program
1210, which comprises code means, which when executed in the processing unit
1206 in the arrangement 1200 causes the arrangement and/or a node in which the
arrangement is comprised to perform the actions e.g. of the procedure described
earlier in conjunction with figure 6 or 8.
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[099] The computer program 1210 may be configured as a computer program
code structured in computer program modules. Hence, in an exemplifying
embodiment, the code means in the computer program 1210 of the arrangement
1200 may comprise a determining module 1210a for determining a scheduling
priority for a UE and/or a load level of a cell; and further to determine whether a
predetermined criterion is fulfilled based on the determined scheduling priority
and/or load level. The arrangement 1200 may further comprise an adjusting
module, for, when the criterion is fulfilled, adjusting the DRX settings of a mobile
terminal, such that said settings are in accordance with an anticipated waiting time
associated with the criterion.

[0100]Depending on whether the arrangement 1200 is to be located in an RBS or
in @ mobile terminal, the computer program may further comprise different
modules, e.g. 1210c and 1210c. These modules could be e.g. for obtaining or
signaling information or for selecting amongst a set of candidate DRX settings

[0101]The modules 1210a-d could essentially perform the actions of the flow
illustrated in figure 6 or 8, to emulate the arrangement illustrated in figure 7 or 9.

[0102)Although the code means in the embodiment disclosed above in conjunction
with figure 12 are implemented as computer program modules which when
executed in the processing unit causes the decoder to perform the actions
described above in the conjunction with figures mentioned above, at least one of
the code means may in alternative embodiments be implemented at least partly as
hardware circuits.

[0103]The processor may be a single CPU (Central processing unit), but could
also comprise two or more processing units. For example, the processor may
include general purpose microprocessors; instruction set processors and/or
related chips sets and/or special purpose microprocessors such as ASICs
(Application Specific Integrated Circuit). The processor may also comprise board
memory for caching purposes. The computer program may be carried by a
computer program product connected to the processor. The computer program
product may comprise a computer readable medium on which the computer
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program is stored. For example, the computer program product may be a flash
memory, a RAM (Random-access memory) ROM (Read-Only Memory) or an
EEPROM, and the computer program modules described above could in
alternative embodiments be distributed on different computer program products in
the form of memories within the network node.

[0104]Those skilled in the art will appreciate that practical embodiments of the
techniques described above will include control and signaling methods, practiced
in an RBS, a mobile station, or both, as well as corresponding devices, including
RBSs and mobile stations. In some cases, the methods/techniques described
above will be implemented in a wireless transceiver apparatus such as the one
pictured in figure 13, which illustrates a few of the components relevant to the
present techniques, as realized in either a mobile station or a base station.

[0105]The pictured apparatus includes radio circuitry 1310 and baseband &
control processing circuit 1320. Radio circuitry 1310 includes receiver circuits and
transmitter circuits that use known radio processing and signal processing
components and techniques, typically according to a particular
telecommunications standard such as the 3GPP standard for LTE. Because the
various details and engineering tradeoffs associated with the design of such
circuitry are well known and are unnecessary to a full understanding of the

invention, additional details are not shown here.

[0106]Baseband & control processing circuit 1320 includes one or more
microprocessors or microcontrollers 1330, as well as other digital hardware 1335,
which may include digital signal processors (DSPs), special-purpose digital logic,
and the like. Either or both of microprocessor(s) 1330 and digital hardware may be
configured to execute program code 1342 stored in memory 1340, along with radio
parameters 1344. Again, because the various details and engineering tradeoffs
associated with the design of baseband processing circuitry for mobile devices
and wireless base stations are well known and are unnecessary to a full
understanding of the invention, additional details are not shown here.
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[0107]The program code 1342 stored in memory circuit 1340, which may comprise
one or several types of memory such as read-only memory (ROM), random-
access memory, cache memory, flash memory devices, optical storage devices,
etc., includes program instructions for executing one or more telecommunications
and/or data communications protocols, as well as instructions for carrying out one
or more of the techniques described herein, in several embodiments. Radio
parameters 1344 may include one or more predefined criteria (e.g., thresholds,
rules, and the like) for use in evaluating UE priority information and/or system
loading information.

[0108]In several RBS centric implementations according to the techniques
described above, RBS control processing circuit 1320 is programmed with
program instructions to create a DRX module like the one pictured in figure 3. This
DRX module, as described earlier, receives priority information from a base station
scheduler module (which may be implemented using the same control processing
circuit 1320 or a physically distinct circuit, in various embodiments) as well as
system loading information, evaluates the priority information and/or system
loading information, and, based on this evaluation, adapts one or more DRX
settings. The DRX module then causes a message reflecting the adapted
setting(s) to be transmitted to one or more UEs, via radio circuits 1310.

[0109]Likewise, in several UE centric implementations according to the techniques
described above, UE control processing circuit 1320 is programmed with program
instructions to create a UE-based DRX module. This DRX module estimates or
predicts system load information, based on, for example, historic information about
system delays, and adapts one or more DRX settings based on this system
loading information. In some embodiments, the adapted DRX setting or settings
are selected from predefined alternatives or ranges; these alternatives or ranges
may have been previously received from the network, e.g., via RRC signaling, in
some embodiments. It will be appreciated that the UE-based DRX module may be
part of or be closely coupled to a MAC control module, such as the MAC control
element illustrated in figure 4.2.1-1 of 3GPP TS 36.321.
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[0110]The above description of various embodiments of the present invention,
while not limited to use in LTE systems, should be read and understood in the
context of the existing 3GPP standards and revisions thereto, and should be
understood to reflect adaptations of well-known physical structures and devices to
carry out the described techniques.

[0111]Examples of several embodiments of the present invention have been
described in detail above. Because it is not possible, of course, to describe every
conceivable combination of components or techniques, those skilled in the art will
appreciate that the present invention can be implemented in other ways than those
specifically set forth herein, without departing from essential characteristics of the
invention.

[0112]It is to be understood that the choice of interacting units or modules, as well
as the naming of the units are only for exemplifying purpose, and nodes suitable to
execute any of the methods described above may be configured in a plurality of
alternative ways in order to be able to execute the suggested process actions.

[0113]It should also be noted that the units or modules described in this disclosure
are to be regarded as logical entities and not with necessity as separate physical
entities. Although the description above contains many details, these should not
be construed as limiting the scope of the invention but as merely providing
illustrations of some of the presently preferred embodiments of this invention. It will
be appreciated that the scope of the present invention fully encompasses other
embodiments which may become obvious to those skilled in the art, and that the
scope of the present invention is accordingly not to be limited. Reference to an
element in the singular is not intended to mean "one and only one" unless
explicitly so stated, but rather "one or more." All structural and functional
equivalents to the elements of the above-described embodiments that are known
to those of ordinary skill in the art are expressly incorporated herein by reference
and are intended to be encompassed hereby. Moreover, it is not necessary for a
device or method to address each and every problem sought to be solved by the
present invention, for it to be encompassed hereby.
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CLAIMS

1. Method in a network node (701, 901) in a wireless communication system
for enabling reduced battery consumption in a mobile terminal, the
method comprising:

-determining (602, 804), a scheduling priority associated with the
mobile terminal and/or a load level in a cell associated with the mobile
terminal;

-determining (604, 806) whether a criterion is fulfiled based on the
determined scheduling priority and/or load level, where the criterion is
associated with an anticipated waiting time until being scheduled; and
if the criterion is fulfilled:

-adjusting (606, 810) the DRX settings of the mobile terminal, such
that said settings are in accordance with the anticipated waiting time
associated with the criterion

thus enabling reduced battery consumption in the mobile terminal.

2. Method according to claim 1, wherein the adjustment of the DRX settings

involves adjustment of one or more of:

-the Long DRX cycle timer, i.e., the length of the long DRX cycle
-the Short DRX cycle timer, i.e., the length of the short DRX cycle
-the On-duration timer

-the Inactivity Timer

-the Retransmission timer

-the HARQ RTT timer

-the SR pending timer

-the setting for a switch between long and short DRX cycle.

3. Method according to claim 1 or 2, wherein the adjustment of the DRX
settings involves adjustment of a timer associated with a time period from
the first time instant when the mobile terminal can, in theory, receive an
uplink grant, to a time when the terminal is anticipated to actually, in

practice, receive the grant message on a control channel, which time
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period depends on the system load and/or the scheduling priority for the
mobile terminal.

4. Method according to any of claims 1-3, wherein the DRX settings are
adjusted, in relation to current DRX settings, such that:

-the mobile terminal spends more time in an inactive state when the
fulfilled criterion is associated with a relatively longer waiting time,
and

-the mobile terminal spends more time in an active state when the

fulfilled criterion is associated with a relatively shorter waiting time.

5.  Method according to any of the preceding claims, wherein the scheduling
priority associated with the maobile terminal is determined based on at
least one of:

-a Quality of Service Class ldentifier (QCl),
-an Allocation Retention and Priority (ARP) value.

6. Method according to any of the preceding claims, wherein the load level is
determined base on at least one of:

-a number of available physical resource blocks (PRBs),
-available control channel resources,

-number of PDCCH grants,

-number of available PUCCH resources, and

-a Signal to Interference and Noise Ratio.

7.  Method according to any of the preceding claims, where the network node
is a radio base station serving the mobile terminal.

8. Method according to claim 7, further comprising:

-signaling (608) the adjusted DRX settings to the mobile terminal.

9.  Method according to any of claims 1-6, wherein the network node is the
mobile terminal.
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10.  Method according to claim 9, further comprising:

-receiving (801) information related to the scheduling priority
associated with the mobile terminal and/or the load level of the cell
associated with the mobile terminal, from a serving network node,
and

wherein the determining of the scheduling priority associated with the
mobile terminal and/or the load level of the cell associated with the

mobile terminal is based on said information.

11.  Method according to claim 9 or 10, wherein the determining (804) of the
load level of the cell associated with the mobile terminal is determined
based on a time interval elapsed between a request for transmission
resources until a resource assignment related to said request is received
from a serving network node.

12.  Method according to any of claims 9-11, further comprising:

-receiving (802) a set of candidate DRX settings from a serving
network node;

-selecting (808) a DRX setting from the set, based on the scheduling
priority associated with the mobile terminal and/or the load level of the
cell associated with the mobile terminal; and

wherein the adjusting (810) of the DRX settings of the mobile terminal
is based on the selected DRX settings.

13.  Arrangement (700, 900) in a network node (701, 901) operable in a
wireless communication system for enabling reduced battery

consumption in a mobile terminal, the arrangement comprising:

-a determining unit (704, 904), adapted to determine a scheduling
priority associated with the mobile terminal and/or a load level of a
cell associated with the mobile terminal; and further adapted to
determine whether a criterion is fulfilled based on the determined

scheduling priority and/or load level where the criterion is associated
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14.

15.

16.

with an anticipated waiting time until being scheduled; and

-an adjusting unit (706, 906), adapted to, if the criterion is fulfilled,
adjust the DRX settings of the mobile terminal, such that said settings
are in accordance with the anticipated waiting time associated with
the criterion,

thus enabling reduced battery consumption in the mobile terminal.

Arrangement according to claim 13, wherein the adjustment of the DRX

settings involves adjustment of one or more of:

-the Long DRX cycle timér, i.e., the length of the long DRX cycle
-the Short DRX cycle timer, i.e., the length of the short DRX cycle
-the On-duration timer

-the Inactivity Timer

-the Retransmission timer

-the HARQ RTT timer

-the SR pending timer

-the setting for a switch between long and short DRX cycle.

Arrangement according to claim 13 or 14, wherein the adjustment of the
DRX settings involves adjustment of a timer associated with a time period
from the first time instant when the mobile terminal can, in theory, receive
an uplink grant, to a time when the terminal is anticipated to actually, in
practice, receive the grant message on a control channel, which time
period depends on the system load and/or the scheduling priority for the
mobile terminal.

Arrangement according to any of claims 13-15 wherein the DRX settings
are adjusted, in relation to current DRX settings, such that:

-the mobile terminal spends more time in an inactive state when the
fulfilled criterion is associated with a relatively longer waiting time,
and

-the mobile terminal spends more time in an active state when the
fulfilled criterion is associated with a relatively shorter waiting time.



WO 2013/074015 39 PCT/SE2012/050522

17.

18.

19.

20.

21.

22.

23.

Arrangement according to any of claims 13-16, wherein the scheduling
priority associated with the mobile terminal is determined based on at
least one of:

-a Quality of Service Class ldentifier (QCl),
-an Allocation Retention and Priority (ARP) value.

Arrangement according to any of claims 13-17, wherein the load level is
determined base on at least one of:

-a number of available and/or used physical resource blocks (PRBs),
-available and/or used control channel resources,

-number of PDCCH grants,

-number of available and/or used PUCCH resources, and

-a Signal to Interference and Noise Ratio.

Arrangement according to any of claims 13-18, where the network node
is a radio base station (701) operable to serve the mobile terminal.

Arrangement according to claim 19, further comprising a signaling unit
(708) adapted to signal the adjusted DRX settings to the mobile terminal.

Arrangement according to any of claims 13-18, wherein the network
node is the mobile terminal (901)

Arrangement according to claim 21, further comprising

-a receiving unit (903), adapted to receive information related to the
scheduling priority associated with the mobile terminal and/or the load
level of the cell associated with the mobile terminal, from a serving
network node, and

wherein the determining of the scheduling priority associated with the
mobile terminal and/or the load level of the cell associated with the
mobile terminal is based on said information.

Arrangement according to claim 21 or 22, wherein the determining of the

load level of the cell associated with the mobile terminal is determined
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24.

25.

26.

based on a time interval elapsed between a request for transmission
resources until a resource assignment related to said request is received
from a serving network node.

Arrangement according to any of claims 21-23, wherein the receiving unit
(903) is further adapted to receive a set of candidate DRX settings from a
serving network node, and

wherein the arrangement further comprises:

-a selecting unit (905), adapted to select a DRX setting from the set,
based on the scheduling priority associated with the mobile terminal
and/or the load level of the cell associated with the mobile terminal;
and

wherein the adjusting of the DRX settings of the mobile terminal is
based on the selected DRX settings

Method in a network node (1101) for enabling reduced battery
consumption in a mobile terminal served by the network node, the
method comprising:

-determining (1002) a set of candidate DRX settings for mobile
terminal DRX setting adjustment, based on conditions associated with
different load levels and/or different scheduling priorities,

-signaling (1004) the set of candidate DRX settings to the mobile
terminal,

thus enabling the mobile terminal to select a DRX setting from the set
based on a scheduling priority associated with the mobile terminal and/or
a load level of the cell associated with the mobile terminal.

Arrangement (1100) in a network node (1101) for enabling reduced
battery consumption in a mobile terminal served by the network node, the
arrangement comprising:

-a determining unit (1104), adapted to determine a set of candidate
DRX settings, based on conditions associated with different load
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levels and/or different scheduling priorities, and

-a signaling unit (1106), adapted to signal the set of candidate DRX
settings to the mobile terminal,

thus enabling the mobile terminal to select a DRX setting from the set
based on a scheduling priority associated with the mobile terminal and/or
a load level of the cell associated with the mobile terminal.

27. A computer program (1210), comprising computer readable code means,
which when run in a node according to any of the claims 13-24 and 26

causes the node to perform the corresponding method according to any
of the claims 1-12 and 25.

28. A computer program product (1208), comprising the computer program
according to claim 27.



WO 2013/074015 PCT/SE2012/050522

1/9

Figure 1

UE awake — et

202 204

i
) 4

DRX cycle

Figure 2



WO 2013/074015

Scheduling info

PCT/SE2012/050522
2/9
‘Scheduling System load
info info

304 7/ \\ / \‘306

N e

T ™
/~ DRX module

' R N /

Figure 3

Update setting, e.g., increase DRX cycle
A

and/or load -~ L \;\
& 4 }
Threshold / ' ;

¥

S TN

Update setling, ”é“g decrease DRX cycle

3
i

Figure 4a



WO 2013/074015

PCT/SE2012/050522
3/9
Anticipated
Candidate settings: Criterion: waiting ime:
DRX settings? a < load X
DRX settings 2 b <load < a; oric € ¢ X2
DRX settings 3 bsload<a, c<priosd x3
DRX setlings 4 esload <b, c<priosd x4
Figure 4b
eNB tx oNB tx
SR ix g%‘ant graﬂt SR tx
SR/BSR is 3 : s
triggered E “
1st period 2nd period 3rd period

Figure 5




WO 2013/074015 PCT/SE2012/050522
Determine scheduling priority and/for load ——602
§ "~ 604
L. No, Criterion fulfilled?
506
Yes
Adjust DRX settings
T 608
Signal DRX settings to UE S

Figure 6



WO 2013/074015 PCT/SE2012/050522

5/9

UL from UE DRX settings

"]

702 N !
] Communication unit |
““““““““““““““““““““““ et
?{?i\m Determining unit ’ : Memary
706 || =N
e Adjusting unit Lelai 2
708 || 3
: Signaling unit MK J’m
5 Scheduler
T T NM_“-__"""“;ii--__-WH_NW.“_‘__: 714
Network Node {(RBS) g Further 1
701 : functmnaifty 7

Figure 7



WO 2013/074015

6/9

O A S

PCT/SE2012/050522

Receive set of candidate DRX seltings

¥

Determine scheduling priority and/or load

Select DRX séttings from set

808

__.—n--”"’l

y

Adjust DRX settings

810

Figure 8



WO 2013/074015

PCT/SE2012/050522
7/9
DL from serving
network node UL
802 5 ' NP |
N Qammumcatmn umt 5
| | Obtaining/Receiving ! Memory i
E unit " \\
T ; : 1
Determining unit AR 910
Selecting unit .ﬁ_é
Adjusting unit ” M:l
Network Node (mobile ; Further E ”,/
terminal/UE) 901 ; functionality T

Figure 8



WO 2013/074015 PCT/SE2012/050522

8/9

Determine set of candidate DRX settings 1002

v

Qinnal cot of MY satt ‘ 1004
Signal set of DRX settings to UE |

Figure 10

Candidate DRX
UL settings to UE

||

NM G;mmmunicatiaﬁ unzti

1104 || L : ‘““““*‘Memory
_g Determining unit ol

1106 | | - ? 108

b : Signaling unit el N

h 1110
Network node E Futner 1}
(RBS) 1101 | fanctionaly T

Figure 11



WO 2013/074015 PCT/SE2012/050522
9/9
input
1202 ‘ CDmQUtef
. prog.prod Computer
- A 1208 program
Output “""““‘"“wzisif ' 1210
1204 Py e
B 1206 1210a [

1210b

1210c¢

1210d

Arrangement 1200
Figure 12
Toffrom
T antenna array
Radio 1310
¥
Baseband & Control up Digital
Processing 1330 HW
1320 , 1335

Memory m

Program Code 1'342

Radio Parameters 1344

Figure 13



INTERNATIONAL SEARCH REPORT

International application No

PCT/SE2012/050522

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W52/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4W HO4L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2010/208660 Al (J1 BAOWEI [US]) 1,2,13,
19 August 2010 (2010-08-19) 14,25-28
paragraphs [0036] - [0047]; figure 1
paragraphs [0051] - [0065]; figures 3-6
A US 2008/186892 Al (DAMNJANOVIC ALEKSANDAR 1,13,
[US]) 7 August 2008 (2008-08-07) 25-28
paragraph [0035]

paragraphs [0041] - [0055]; figures 1-5
A EP 1 971 166 Al (NTT DOCOMO INC [JP]) 1,13,
17 September 2008 (2008-09-17) 25-28
paragraphs [0036] - [0055]

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : i i . " .
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X* document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "v* document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

20 November 2012 30/11/2012

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3018 de Biolley, Luc

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/SE2012/050522
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2010208660 Al 19-08-2010 US 2010208660 Al 19-08-2010
WO 2010095814 A2 26-08-2010

US 2008186892 Al 07-08-2008 AU 2008213946 Al 14-08-2008
CA 2675250 Al 14-07-2008
CN 101606426 A 16-12-2009
EP 2123072 A2 25-11-2009
JP 2010519793 A 03-06-2010
KR 20090117791 A 12-11-2009
RU 2009133308 A 20-03-2011
TW 200904213 A 16-01-2009
US 2008186892 Al 07-08-2008
WO 2008097965 A2 14-08-2008

EP 1971166 Al 17-09-2008  CN 101375618 A 25-02-2009
EP 1971166 Al 17-09-2008
JP 4786340 B2 05-10-2011
JP 2007181124 A 12-07-2007
KR 20080089432 A 06-10-2008
US 2010232366 Al 16-09-2010
WO 2007077845 Al 12-07-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - wo-search-report
	Page 53 - wo-search-report

