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(57) Abstract: This disclosure relates to a method for redu-
cing power consumption of a first device for use in a wire-
less communication system. The first device receives a sig-
nal within a first reference sub-frame of a radio channel. The
device determines whether to use the signal for obtaining
channel state information to be reported to a second device
within a reporting sub-frame, or whether to receive and use
a second signal within a second reference sub-frame of the
radio channel for obtaining channel state information to be
reported to the second device within said predetermined
later sub-frame. Based on this determination, the first device
reports channel state information obtained based on the sig-
nal received within said first reference sub-frame or said
second signal within said second reference sub-frame to the
second device within said reporting sub-frame.
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Power Optimization for Channel State Reports

in a Wireless Communication Network

FIELD

[0001] This disclosure generally relates to reducing power consumption of a mobile device,

which is to report channel state information.

TECHNICAL BACKROUND

[0002] Modern wireless communication systems sometimes implement a so-called
“Discontinuous Reception” for saving battery power of mobile devices. Generally, DRX
contemplates the idea of having a mobile device to be ready for data reception periodically for
a given amount of time (referred to as the DRX on-duration). During other time periods than
the DRX on-duration, the mobile device may not need to be ready for data reception (i.e. does
not need to receive sub-frames on a radio channel), which allows the mobile device to
perform power saving, e.g. by having its components required for reception. For example, the
receiver circuitry and related processing resources, if available, may enter a power-safe or

sleep mode, in which they consume less power than during normal operation.

[0003] The cycle of the DRX period and the DRX on-duration may be for example defined
by respective given numbers of sub-frames (TTIs) of a radio channel. The DRX cycle and the
DRX on-duration may be configured by the network (e.g. by a base station/access point)
using control signaling. For example, the RRC (Radio Resource Control) protocol may be
used for configuring the parameters of the DRC operation. DRX may be advantageously used
in applications in which user data does not need to be continuously transmitted, such as Voice
over LTE (VoL TE) where voice data may be periodically transmitted (e.g. every 20 ms or 40

ms).

[0004] DRX operation is available in several modern mobile communication systems, for
example in 3GPP LTE (Long Term Evolution) or LTE-A (Long Term Evolution - Advanced)
systems. DRX schemes may be for example implemented in the Medium Access Control
(MAC) layer of the architecture. Details on the DRX operation in 3GPP-based systems may
be for example found in 3GPP TS 36.321, “Evolved Universal Terrestrial Radio Access (E-
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UTRA); Medium Access Control (MAC) protocol specification”, Version 12.5, chapter 5.7

available at http://www.3gpp.org and incorporated herein by reference

[0005] Considering for exemplary purposes only a 3GPP LTE or LTE-A system, DRX
functionality can be configured for a user equipment in RRC connected mode. This may be
advantageous as the user equipment may thus not have to monitor the downlink (DL) radio
channel(s) in every sub-frame but only cyclically during the DRX on-duration. DRX
functionality may also be configured for RRC idle mode. For a summary of the
RRC CONNECTED and RRC_IDLE modes, see 3GPP TS 25.912, “Feasibility study for
evolved Universal Terrestrial Radio Access (UTRA) and Universal Terrestrial Radio Access
Network (UTRAN)”, Version 12.0, chapter 8.4.2, available at http:/www.3gpp.org and

incorporated herein by reference.

[0006] As exemplified in Fig. 1, the DRX-on duration may define a given number of
(consecutive) sub-frames on the radio channel that the user equipment should receive to
decode the control channel information (e.g. the PDCCH (Physical Downlink Control
Channel)). In case the user equipment does not receive (respectively, successfully decode)
control information for the user equipment on the control channel during the DRX-on
duration (and has no user data to send in the uplink), it may enter power-saving mode again
and may awake not until the next DRX-on duration in the next DRX cycle (given that it does

not have to wake up earlier for other reasons).

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] For a more complete understanding of the embodiments described herein, and the
advantages thereof, reference is now made to the following descriptions taken in conjunction
with the accompanying drawings, in which similar or corresponding details are marked with

the same reference numerals.
Fig. 1 shows an exemplary DRX operation within a mobile communication system,

Fig.2 shows an exemplary reporting of channel state information of a mobile device in

DRX mode,

Fig.3 shows an exemplary reporting of channel state information by a mobile device

according to an embodiment,
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Fig. 4 shows an exemplary reporting of channel state information by a mobile device in

DRX mode according to an embodiment,

Figs. 5 to 9 show different flow charts of a procedure for reporting channel state information

by a mobile device according to different exemplary embodiments,
Fig. 10 shows a mobile device according to an embodiment.

DETAILED DESCRIPTION

[0008] This disclosure generally relates to power saving in a wireless or mobile
communication network. One aspect of this disclosure relates to a concept for reporting
channel state information using a methodology that allows reducing power consumption of a

device in comparison with standard implementations.

[0009] One exemplary embodiment relates to a method for reducing power consumption of
a device for use in a wireless communication system. According to this method, the device
(first device) receives a signal within a first reference sub-frame of a radio channel. Note that
the term sub-frame may also referred to as a transmission time interval (TTI). The first device
determines whether to use the received signal for obtaining channel state information to be
reported to another second device within a reporting sub-frame, or whether the first device
should receive (and use) a second signal within a second reference sub-frame of the radio
channel for obtaining channel state information to be reported to the second device within the
predetermined later sub-frame. Depending on the determination, the first device reports
channel state information obtained based on the signal received within the first reference sub-
frame or the second signal within the second reference sub-frame to the second device within

the reporting sub-frame.

[0010] In a further exemplary embodiment, the channel state information may be cyclically
reported to the second device. In this case, the determination on which signal to use for
channel state reporting may be for example based on the variation (e.g. a standard deviation,
first derivative or the total variation) of the channel state information over one or more

channel state reporting cycles.

[0011] In some exemplary implementations and embodiments, the first device may take the
decision on which signal to use for channel state reporting upon or after having received the

signal within the first reference sub-frame. For example, in one exemplary embodiment the
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first device may obtain channel state information based on the signal received within the first
reference sub-frame. The first device may determine reporting the determined channel state
information in case a value representative of the determined channel state information varies
less than a threshold value from a value representative of channel state information reported
in the previous reporting cycle. The value representative of the obtained channel state
information could be for example, and not limited thereto, be a Channel Quality Indicator
(CQI), a Signal-to-Interference Noise Ratio (SINR), Receive Signal Strength Indicator
(RSSI), Reference Signal Received Power (RSRP), Reference Signal Received Quality
(RSRQ), etc.

[0012] In an alternative embodiment the first device determines to report the obtained
channel state information in case a value representative of the obtained channel state
information varies less than a threshold value from an average value representative of channel
state information reported in a set of previous reporting cycles. In yet another exemplary
embodiment, the first device determines to report the obtained channel state information in
case a value representative of the variation of the obtained channel state information and a
value representative of channel state information reported in at least one previous reporting

cycle is below a threshold value.

[0013] In other exemplary implementations and embodiments, the first device may take the
decision on which signal to use for channel state reporting before receiving the signal within
the first reference sub-frame. For example, in one exemplary embodiment the first device may
determine to report the channel state information obtained based on the first reference sub-
frame in case a value representative of channel state information reported in a first previous
reporting cycle varies less than a threshold value from a value representative of channel state
information reported in a second previous reporting cycle that is preceding the first previous

reporting cycle.

[0014] In an alternative embodiment the first device determines to report the channel state
information obtained based on the first reference sub-frame in case a value representative of
the obtained channel state information varies less than a threshold value from an average
value representative of channel state information reported in a set of previous reporting
cycles. In another exemplary embodiment, the first device may determine to report the
channel state information obtained based on the first reference sub-frame in case a variation
of the value representative of channel state information reported in previous reporting cycles

is lower than a threshold value.
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[0015] In a further embodiment, the threshold value considered in the decision on which
reference sub-frame to use for channel state reporting could be obtained based on one or more
parameters. One example for such parameter may be a parameter that is indicative of the
speed of movement (velocity) of the first device. For example, the SINR measured in a device
is typically dependent on the velocity of the device and could thus be considered for setting
the threshold value. The same applies to other measurements, such as RSSI, RSRP, or RSRQ.

Hence, in some embodiments, the threshold value is thus an adaptive threshold value.

[0016] More gencrally, and in accordance with another embodiment, the first device takes
its decision based on a parameter indicative of the speed of movement of the device. In one
exemplary implementation, this may involve the first device obtaining the parameter

indicative of the speed of movement of the first device.

[0017] The embodiments described herein may be practiced in a wireless communication
system facilitating Discontinuous Reception (DRX) of the (mobile) device. In such scenario,
it may be advantageous is the sub-frame for reporting the channel state information (reporting
sub-frame) is a sub-frame within a DRX on-duration. The DRX on-duration may for example
include a plurality of consecutive sub-frames (e.g. Nppy sub-frames, where Nppy is an integer
number). In an exemplary embodiment, the reporting sub-frame for reporting the channel
state information may be a sub-frame within a DRX on-duration following the first and
second reference sub-frames. In some implementations, the reporting sub-frame may be one
of the first M sub-frames within the DRX on-duration (where M < Nppy under the
assumption that the duration of the processing delay — see below — is equal to or larger than

the duration of the DRX on-duration).

[0018] Generally, it should be noted that the reception of and processing of a signal of a sub-
frame of a channel to obtain the channel state information for reporting by means of the
processing resources of the first device require some amount of time (also referred to as
processing delay herein). Thus the signal based on which the channel state information is to
be based must be received in good time ahead the reporting sub-frame. In conventional
implementations, when DRX is employed and the reporting sub-frame is within one of the
first sub-frames of a DRX on-duration, the first device may be required to receive a signal of
a sub-frame prior to the start of the DRX on-duration so as to be able to timely report the
channel state information in the reporting sub-frame. For this purpose, the first device may
need to re-activate its circuitry (e.g. the receiver component and optionally also associated

processing resources) for receiving a reference sub-frame for obtaining the channel state
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information earlier than indicated by the DRX cycle and thus consumes additional power.
Accordingly, in an exemplary embodiment the “second reference sub-frame” mentioned
herein above may be a sub-frame the signal of which would be conventionally used for
determination of the channel state information within the reporting sub-frame in a

conventional implementation.

[0019] As the embodiments described herein may allow for reporting channel state
information based on the earlier “first reference sub-frame” no such additional power
consumption may be necessary for channel state reporting. Accordingly, in case the channel
state information is to be reported based on the signal of the first reference sub-frame, the first
device only receives the second signal in the second reference sub-frame in case it is
determined that the channel state information to be reported is to be based on this second

signal.

[0020] In another exemplary embodiment, the first device may be configured for DRX
operation. In DRX mode, the first device’s receiver component may be periodically in
connected state to receive a predetermined number of consecutive sub-frames within a DRX
on-duration, and can enter a power-safe mode (also referred to a sleep mode herein) in other
sub-frames than the predetermined number of consecutive sub-frames. Note that the first
device might not need to put its receiver component into power-save mode in case the first
device needs to receive one of the other sub-frames. The first reference sub-frame may be for
example a sub-frame in which the first device’s receiver component is in connected state for
receiving signals of the radio channel within a DRX on-duration or is configured for reception
of a signal within the one or more of the other sub-frames. For example, this may be due to
tﬁe first device being configured for reception of a signal within one or more of sub-frames
other than that within the DRX on-duration, e.g. for receiving a HARQ acknowledgement for
an uplink transmission, for receiving a paging indicator (e.g. in case the paging cycle does not
match the DRX cycle), due to a DRX inactivity timer that is set after reception of a
scheduling grant, due to waiting for an uplink grant after a corresponding scheduling request

in the DRX on-duration, due to serving cell measurements, etc.

[0021] In another exemplary embodiment, first reference sub-frame may be located within a
DRX on-duration before, e.g. immediately before, a DRX on-duration containing the

predetermined sub-frame.
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[0022] Further, in another embodiment, the first device may buffer the signal received
within the first reference sub-frame for later processing, e.g. for obtaining the channel state

information at a later point in time.

[0023] In one exemplary embodiment, the first device is a battery-powered device. For
example, the “first device” could be a mobile device, which is sometimes also referred to as
mobile terminal or user equipment. A mobile device may be any kind of mobile device that is
capable for wireless communication. A mobile device could thus be for example a mobile
phone, a tablet device, a laptop computer, a digital camera, etc. but this list of examples is not

intended to be limiting the disclosure to the use in such devices.

[0024] Further, in another embodiment, the “second device” could be for example a base
station of the wireless communication system, which may also be referred to as a NodeB,

eNodeB or access point.

[0025] In line with the above, another embodiment relates to a mobile device for reducing
power consumption. The mobile device may be for use in a wireless communication system.
The mobile device comprises a receiver (or receiver component or circuitry) to receive a
signal within a first reference sub-frame of a radio channel; a processor to determine whether
to use the received signal for obtaining channel state information to be reported to a second
device within a reporting sub-frame, or whether to receive and use a second signal within a
second reference sub-frame of the radio channel for obtaining channel state information to be
reported to the second device within the predetermined later sub-frame; and a transmitter to
report, based on the determination of the processor, channel state information obtained based
on the signal received within the first reference sub-frame or the second signal within the

second reference sub-frame to the second device within in the reporting sub-frame.

[0026] The mobile device according to another embodiment maybe further adapted to
perform the steps of the method for reducing power consumption according to one of the

different embodiments and implementations discussed herein.

[0027] Yet another embodiment relates to one or more computer-readable media storing
instructions that, when executed by a processor of a first device, cause the first device to
receive a signal within a first reference sub-frame of a radio channel; determine whether to
use the received signal for obtaining channel state information to be reported to a second

device within a reporting sub-frame, or whether to receive and use a second signal within a
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second reference sub-frame of the radio channel for obtaining channel state information to be
reported to the second device within the predetermined later sub-frame; and based on on the
determination, report channel state information obtained based on the signal received within
the first reference sub-frame or the second signal within the second reference sub-frame to the

second device within in the reporting sub-frame.

[0028] The one or more computer-readable media according to another embodiment, further
store instructions that, when executed by the processor of the first device, cause the first
device to perform the steps of the method for reducing power consumption according to one

of the different embodiments and implementations discussed herein.

[0029] As outlined in connection with Fig. 1 above, DRX may be available in a wireless or
mobile communication network for reducing the power consumption of mobile devices.
During the DRX on-period (and typically also at any other time the user equipment is “active”
and receives sub-frames in the downlink) the mobile device monitors a control channel (such
as the PDCCH) and reports channel state information (CSI), such as CQI (Channel Quality
Information), PMI (Precoding Matrix Indicator), RI (Rank Indicator) or PTI (Precoder Type
Indication) to the network. Without losing generality, for the purpose of this disclosure,
channel state information may generally be considered information that provides information
on the instantaneous radio channel quality. The channel state information may be transmitted
by the mobile device in an uplink control channel, such as the PUCCH (Physical Uplink
Control Channel).

[0030] In DRX operation, the channels state information may need to be reported by the
mobile device within the DRX on-duration. An example of such implementation is shown in
Fig. 2, in which the mobile device is assumed — for exemplary purposes only — to report
channel state information in the second TTI within the DRX on-duration of every n DRX
cycle (where n € N and n > 1). The determination of channel state information by the
mobile device requires reception of a reference sub-frame (reference TTI) based on which the
channel quality can be measured, and the processing of the received signal to obtain the
channel state information indicative of the channel quality for the monitored radio channel,
which requires some processing time (processing delay) at the mobile terminal before the
channel state information can be reported. This processing delay is typically in the range of
several TTIs or milliseconds (e.g. in 3GPP LTE and LTE-A systems, a processing delay of 4

ms, equivalent to 4 TTIs is assumed).
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[0031] Assuming a processing delay of 4 TTIs and the channel state information to be
reported in the second TTI of the DRX on-duration, as exemplified in Fig. 2, this means that
in a conventional implementation the mobile device may need to receive the sub-frame
(reference sub-frame) that is three TTIs earlier than the start the DRX on-duration, and thus
the mobile device may need to leave a power-saving mode at least for this reference sub-
frame. Furthermore, as the channel state information typically provides an instantaneous
measure of the channel quality, it may be preferable to perform the CSI measurement based

on a sub-frame that is as close as possible to the reporting TTI, as exemplified in Fig. 2.

[0032] An embodiment will now be described in connection with Fig. 3. Fig. 3 shows sub-
frames on a radio cannel, wherein two sub-frames (TTI; and TTI,) are marked as candidate
reference sub-frames the signal of which can be used for obtaining channel state information

to be transmitted in the indicated reporting sub-frame (TTIeport).

[0033] As illustrated in Fig. 3, it is assumed that the mobile device receive sub-frame TTI;.
The mobile device determines, whether to use the received signal of sub-frame TTI; for
obtaining channel state information to be reported within a reporting sub-frame TTlrepor, OF
whether to receive and use a second signal within the second sub-frame TTI, of the radio
channel for obtaining channel state information to be reported to the second device within
said predetermined sub-frame TTIeper- Depending on this determination by the mobile
device, the mobile device reports channel state information obtained based on the signal
received within sub-frame TTI; or said second signal within sub-frame TTI, to the second

device within said reporting sub-frame TTlrepos.

[0034] TTI; may be a sub-frame that the mobile device is required to receive for any
specific reason. For example, the mobile device may need to receive the sub-frame because it
is scheduled or configured to receive a transmission within sub-frame TTI; (e.g. a downlink
transmission or an HARQ ACK (Hybrid Automatic Repeat reQuest Acknowledgment) for a
previous uplink (UL) transmission by the mobile device). Another example may be that the
mobile device may need to receive the sub-frame because it is has to receive a paging channel
within sub-frame TTI;. In another example sub-frame TTI; is a sub-frame in which the mobile
device receives an uplink grant after a corresponding scheduling request. In another example,
sub-frame TTI; may be a sub-frame in the “active time” in which the mobile device is
required to monitor the downlink radio channel due to a DRX inactivity timer having been set
after reception of a scheduling grant within the DRX on-duration. Please note that this list of

possibilities is not exhausting and meant to be limiting.
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[0035] TTIL, may be for example the latest (in consideration of the processing delay) sub-
frame before the reporting sub-frame TTIpor the mobile device would need to receive in
order to be able to timely determine the channel state information for reporting in the
reporting sub-frame TTlepor. In contrast to sub-frame TTI;, the mobile device may not be
required to receive sub-frame 111, so that the mobile device may put some of its (receiving)
component(s) into a power-saving mode in this sub-frame (if it is not to use sub-frame TTI; as

a reference sub-frame for CSI reporting).

[0036] TTlieport may be a sub-frame in which the mobile device is to transmit channel state
information (reporting sub-frame). The reporting sub-frame may be for example configured
by RRC control signaling. For example, the reporting sub-frame may be one of the TTIs
within a DRX on-duration as outlined in further detail in the example in connection with

Fig. 4 below, but this disclosure is not limited to the use of DRX.

[0037] Fig. 4 shows another exemplary embodiment. In this embodiment, it is assumed that
the mobile device is in DRX mode. Without losing generality, it is further assumed that the
reporting cycle for channel state information is two (or more) DRX cycles. Note that of
course the CSI reporting cycle may be the same as the DRX cycle. The example of Fig. 3 is
similar to the example in Fig. 4, except for some implications from DRX operation. For
example, in Fig. 4 sub-frame TTI; may be a sub-frame (e.g. the first sub-frame) of the DRX
transmission cycle m, which is the DRX cycle preceding the DRX cycle m+1in which the
channel state is reported. The channel state information is reported in the DRX on-duration
(e.g. the first sub-frame) of the DRX cycle m+1. In the present example the number of TTIs in
a DRX cycle is four, but this is only exemplary and there may be also only 2 or 3 TTIs or 5, 6,
..., 10 TTIs in each DRX on-duration. The number of TTIs within a DRX on-duration may
depend on the DRX cycle duration. The longer the DRX cycle, the more TTIs are usually
comprised within the DRX on-cycle. In a VoLTE scenario, where the DRX cycle is for
example 20ms or 40ms, there are typically 4 or 5 TTIs in each DRX on duration.

[0038] As illustrated in Fig. 4, it is assumed that the mobile device receive sub-frame TTI;
within the DRX on-duration of DRX cycle m. The mobile device decides, whether to use the
received signal of sub-frame TTI; for determining channel state information to be reported
within a reporting sub-frame TTIeport in the DRX on-duration of DRX cycle m+1, or whether
to receive and use a second signal within the second sub-frame TTI, of the radio channel for
determining channel state information to be reported to the second device within said

predetermined sub-frame TTIepor. Depending on this decision, the mobile device reports
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channel state information obtained based on the signal received within sub-frame TT1; or said
second signal within sub-frame TTI; to the second device within said reporting sub-frame

TTepore

[0039] Assuming that the mobile device would not receive or send data in DRX cycle m,
and in case the channel state is reported based on sub-frame TTI;, the mobile device could
enter a power-saving state after the DRX on-duration of the DRX cycle m and would only
have to go back to active state for the first sub-frame in the DRX cycle m+1. Accordingly, in
contrast to the conventional solution in Fig. 2, the mobile device does not need to wake up for

sub-frame TTI, and may thus conserve battery power.

[0040] When employing embodiment of Fig. 4 in the context of Voice over LTE (VOLTE),
the mobile device the DRX cycle could be set to 20 ms or 40 ms ms (e.g. 20 or 40 TTIs for a
TTI = 1ms). The reporting cycle for the CSI may be set equal to the DRX cycle or may be
two times or three times the DRX cycle. The reporting cycle may be for example defined by
the network using the CQI Configuration Index that is signaled to the mobile device in the

control plane.

[0041] Fig. 5 shows a flow chart of an exemplary procedure for reporting channel state
information in accordance with an embodiment. The exemplary implementation of Fig. 5 may
be used in conjunction with the implementations of Figs. 3 or 4. In Fig. 5 it is assumed that
the determination 502 on which of sub-frames TTT; and TTI; to use for CSI reporting is taken
upon or shortly after receiving 501 sub-frame TTI;. The decision may be based on one or
more criteria, as will be outlined below in further detail. In case the sub-frame TTI; is to be
used, the mobile device determines 503 the channel state information to report and report 506
them in the reporting sub-frame TTlwpor. Otherwise, the mobile device receives 504 sub-
frame TTI,, determines 505 the channel state information based on sub-frame TTI, and

reports 506 them in the reporting sub-frame TTIeport.

[0042] Fig. 6 shows another flow chart of an exemplary procedure for reporting channel
state information in accordance with an embodiment. The exemplary implementation of Fig. 6
may be used in conjunction with the implementations of Figs. 3 or 4. In Fig. 6 the
determination 601 on which of sub-frames TTI; and TTI; to use for CSI reporting may be
taken by the mobile device before receiving 503, 602 sub-frame TTI;. The decision may be
based on one or more criteria, as will be outlined below in further detail. In case sub-frame

TTI; is to be used, the mobile device receives 602 sub-frame TTI;, determines 503 the
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channel state information to report based on sub-frame TTI; and reports 506 them in the
reporting sub-frame TTlepor. Otherwise, the mobile device receives 504 sub-frame TTIy,
determines 505 the channel state information based on sub-frame TTI, and reports 506 them

in the reporting sub-frame TTIeport.

[0043] Note that in case the mobile device determines 601 that sub-frame TTI, is to be used
as a reference sub-frame for reporting the channel state information, step 602 may be
executed nonetheless, e.g. when employing the implementation of Fig. 6 with the DRX
operation as shown in Fig. 4. In this case, sub-frame TTI; may be within a DRX on-duration

so that the mobile device is required to receive the sub-frame TTT;.

[0044] As noted above, there may be several criteria based on which the mobile device
determines, which of sub-frame TTI; and TTI, to use for CSI reporting. For example,
revisiting and implementation as exemplified in Fig. 5 where it is assumed that the decision
on which of sub-frames TTI; and TTI; to use for CSI reporting is taken upon or shortly after
receiving sub-frame TTI; decision taking by the mobile device could be implemented as
shown in Fig. 7. Similar to Fig. 5, the exemplary implementation of Fig. 7 may be used in
conjunction with the implementations of Figs. 3 or 4. In the exemplary embodiment of Fig. 7
is assumed — for exemplary purposes only — that the mobile device reports CQI values as
channel state information. In general, the CQI values may be a wideband CQI values or a sub-
band CQI values. Furthermore, the mobile device stores the latest one or more (e.g. up to 3 or
4) CQI values reported to the network. Considering a DRX configuration as in Fig. 4, the
mobile device thus stores the CQI values reported the latest one or more DRX cycles m, m-1,
... prior to the next DRX cycle m+1 in which the new CQI value is to be reported in the
reporting sub-frame TTIporr. The CQI values may be for example stored in a memory of the
mobile device 1003. The memory portion for storing the CQI values may be orgahized similar
to a FIFO buffer and stores N € [1, 2, 3, 4] clements. Alternatively, the signal received within
the reference sub-frame could be stored/buffered by the mobile device, for example in case

the determination 502, 601, 702 is taken by the mobile device at a later point in time.

[0045] Similar to Fig. 5, the mobile terminal may first receive 501 the sub-frame TTI; and
determines 701 the CQI values based on the signal received within sub-frame TTI;. The
obtained CQI value may be denoted CQIyp,. The mobile device compares the obtained CQI
value CQIprq with the last reported CQI value (e.g. the CQI value reported in the last DRX
cycle in case of DRX operation as in Fig. 4). If the absolute value of the difference of the two
compared CQI values is below a threshold T, the CQI values obtained based on the signal in
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sub-frame TTI; is reported 506, otherwise, the mobile device receives 602 sub-frame TTI;,
determines 503 the channel state information to report based on sub-frame TTI; and reports

506 them in the reporting sub-frame TTcpor.

[0046] The threshold value T may be for example statically configured or may be
dynamically adapted. In one exemplary embodiment, T=1 or 2, i.e. the new CQI value
obtained based on sub-frame TTI; may not deviate more than by 1 or 2 from the previously
reported CQI value. Generally, in all embodiments herein, the CQI values may be for example
obtained based on a SINR calculated based on the signal of the respective reference sub-
frame. Assuming a SINR in the range of -6dB and 20dB and mapping this range to a total of
16 CQI values (i.e. a 4-Bit value), the difference between two CQI values is approx. 1.5 to
2 dB. Hence, setting the T = 1 or T=2 would allow the mobile terminal to report a CQI
calculated based on sub-frame TTI; if the SINR in sub-frame TTI; does not deviate more than
approx. 1.5 to 2 dB, respectively, 3 to 4 dB from the SINR in the sub-frame of the previously
reported CQI value. Note that in this example, the mobile device may only need to store the

last reported CQI value.

[0047] In an alternative implementation, the procedure could be designed similar to Fig. 5,
but instead of comparing CQIs, the mobile device could compare the SINR of sub-frame
TTI;, with a SINR in the sub-frame of the previously reported CQI value in step 502.
Accordingly, instead of storing a CQI, the mobile device would need to store the SINR in the
sub-frame of the previously reported CQI value.

[0048] In another alternative implementation, instead of comparing the CQI/SINR of the
sub-frame TTI; with the CQI/SINR of the sub-frame of the previously reported CQI value, the
mobile device could also compare the CQI/SINR of the sub-frame TTI; with the average
CQI/SINR of the sub-frames of the previously last N reported CQI values. For example,
N € [2,3,4].

[0049] The determination of the channel state information may be — in some embodiments —
based on the SINR that is measured for the given reference sub-frame. Assuming low
interference conditions, the SINR is primarily influenced by fast (small scale) and slow (large
scale) fading effects of each individual channel. The SINR may be obtained for a given carrier
or a sub-band thercof. The measurement is performed over the entire bandwidth of the
component carrier or the sub-band (which are both examples of a radio channel) in the

frequency domain (e.g. SMHz, 10MHz, 20MHz, or more) and the duration of a sub-frame in
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the time domain (e.g. 1ms). In OFDM-based systems, such as 3GPP LTE or LTE-A, each
sub-frame spans a time-frequency array of resource elements (REs) — sometimes also referred
to as modulation symbols. Each of these resource elements is associated to a given fraction of
the channel bandwidth in the frequency domain and a given duration (symbol duration) in the

time domain and conveys a modulation symbol.

[0050] As noted above, in an OFDM-based wireless communication system in general, and
particularly in 3GPP LTE and LTE-A, the SINR may be calculated based on the signal of a
sub-frame. The SINR may be a “combined SINR” that combines respective SINR
measurements for respective frequency points within the monitored channel and over an
entire sub-frame duration. For example all SINR measurements for an entire sub-band or the
entire carrier bandwidth within a TTI may be combined to obtain the SINR measure to be
considered in the mobile device’s decision and/or calculation of the channel state information
to be reported. In case data of several individual SINR measurements is combined over an
entire transmission time interval (sub-frame) and several frequency points, small scale fading
and frequency selectivity of the channel may be negligible. In contrast, large scale fading
describes the variability of the channel with homogeneous areas with a typical size of up to
40A (A representing the center frequency of the observed LTE-band), with representing the
wavelength of the center frequency of the observed LTE band. Hence, for a maximum
supported speed of a user equipment of 350 km/h, for example, significant large scale fading
effects should be observable in an interval of about 12.7 ms for band 13 (low band — e.g. 746~
768 MHz) and 4.4 ms for band 4 (high band — e.g. 2110-2155MHz), respectively. This
estimation implies that for operating a user equipment at a high band and high speed requires
most recent data for CQI transmission i.e. the reference sub-frame should be as close to the
reporting sub-frame as possible. Hence, assuming the LTE-defined processing delay of 4ms,

the delay of reporting on the channel state should be 4ms.

[0051] In VoLTE scenarios using DRX it may be assumed without losing generality that
many of the user will have significant lower velocities and are almost “semi-static” in terms
of large scale fading, for example, when considering pedestrians or users driving the car
within cities. Even when assuming a speed of the users of 100 km/h, the examined time
interval increases to 44.4 ms (low band) so that samples from the previous DRX cycle (e.g.
40ms) and recent samples should result in a comparable CQI value. For a pedestrian velocity
this interval even extends to 280ms (high band) and 800 ms (low band), so that the

embodiments could even be used with longer DRX cycles.
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[0052] It is apparent from the above that the mobile device’s decision on which reference
sub-frame is to be used for channel state reporting may be dependent on the velocity of the
mobile device. Generally speaking, the faster the mobile device is moving, the closer the
reference sub-frame should be to the reporting sub-frame in terms of timing. Therefore, in one
embodiment, in the examples of Figs. 5 and 6 the mobile device may consider the velocity of
the device as the only one or one of several parameters in its determination 502, 601.
Likewise, in the example of Fig. 7 (and also that of Figs. 8 and 9 described below) the
threshold T may be based on the velocity of the device. For example, in one example
implementation, there may be at least two ranges of velocity, each of which is associated with
a respective maximum number of TTIs the reference sub-frame may be earlier than the
reporting sub-frame. With increasing speed of the mobile device, the respective maximum
number of TTIs (TTIya) get lower. Accordingly, in one example, determination 502, 601 of
the mobile device may determine whether the reference sub-frame 1711 is too early relative to
the reporting sub-frame TTIeport (€.g. Whether the TTI index of sub-frame TTI; is higher than
the TTI index of sub-frame TTIpot minus the maximum number of TTIs (TTIpex) for the

given (range of) velocity.)

[0053] Fig. 8 shows a flow chart according to another embodiment. Similar to the example
in Fig. 6, also in this embodiment the determination 601, 801 of the mobile device which
reference sub-frame is to be used for determining the channel state information may be
performed prior to the reception of the reference sub-frame TTI;. Accordingly, the
determination 801 may be based on historic information that allows the mobile device to
determine, whether the reference sub-frame TTI; or reference sub-frame TTI, should be used
for channel state reporting. In the example in Fig. 8, the mobile terminal considers the
variation of the past N channel state information in its decision. More specifically, the mobile |
device checks 801 whether the variation of the latest N channel state information values, e.g.
CQI values, is below a given threshold T. The variation may be for example be measured by
means of the standard derivative calculated over the latest N channel state information. As
noted previously, the threshold T may be adaptive and set based on the velocity of the mobile
device. For example, N € [2, 3,4]. As described earlier the mobile device buffers the last N
channel state information reported. The reported values may be for example stored in a
memory of the mobile device 1003. The memory portion for storing the reported channel state
values may be organized similar to a FIFO buffer and stores N € [2, 3, 4] elements. The value

of T may be, for example, in the range T € [1,2, 3].
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[0054] Note that the parameterizations of the threshold value T in absolute integer numbers
has been based on an assumption that there is a certain step size in between two adjacent
levels of the threshold, e.g. 1.5 to 2.0 dB in the examples above. Of course the range of
numbers for the threshold T may depend on the step size between two values, and in one
embodiment there may be more or less values for T defined for respective (regions of)

velocities.

[0055] Fig 9 shows a more detailed procedure for implementing an embodiment. The
example of Fig. 9 is based on Figs. 6 and 8 and can be used without DRX operation or with
DRX operation as shown in Figs. 3 and 4, respectively. The determination 904 by the mobile
device is based on historic CQI information of the previous channel state reports. The base
station maintains a history on the previous CQI values reported. For example, the mobile
device could store N € [2, 3,4] elements previously reported in a memory 1003. The memory
region storing the elements may be organized similar to or is a FIFO buffer. In the example of
Fig- 9. In case there is a new C@Q1, 901 for reporting in a given reporting sub-frame TTeport
the mobile device calculates 902 the difference ACQL, (x is a time index indicating the
position of CQIs over time) by subtracting the lastly reported CQI,_; from the current CQI,
and stores 903 the difference ACQI,. The mobile device keeps the last N ACQI; values, as
noted above. In addition, the mobile device may also store the lastly determines (current)

CQI, for calculating the next ACQl,, 4.

[0056] In case of using DRX, the index x may be considered to denote the DRX cycle
number and the mobile device stores the CQI of the current cycle x, 1.e. CQI,, and ACQI;,1 €
[x—N,x—(N—-1),..,x].

[0057] At a given point in time, when the mobile device takes the determination 904 on
whether to report the channel state based on the signal of reference sub-frame TTI; or a later
TTI, such as for example TTI,. In one example implementation, this determination 904 is
taken by the mobile device ahead the start of the next DRX cycle m, so as to determine
whether the reference sub-frame TTI;, which is a sub-frame within the DRX on-duration of
cycle m, is to be considered for the calculation of a CQI that is reported in the DRX on-
duration of the next cycle m+1, as exemplified in Fig. 4. The determination 904 may be for
example taken at least the processing delay (e.g. 4ms) ahead the starting sub-frame of the
DRX on-duration of cycle m. The mobile device checks, whether the last N ACQI; values

buffered by the mobile device are all below a threshold value T. In one example
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implementation N € [2,3,4]. The threshold T maybe static, semi-static or could dynamic.
The threshold T may be for example obtained based on the velocity of the mobile device. In

one example, T could be T=1 or T=2.

[0058] The channel state information in all embodiments disclosed herein may be reported
by means of Radio Resource Control (RRC) signaling messages, but this disclosure is not
limited to this. In 3GPP LTE and LTE-A wireless systems the RRC protocol is conventionally
terminated by the base station (e.g. eNodeB) within the access network. Accordingly, channel
state information, such as CQI, PMI, RI or PTI, is transmitted from the mobile device to a

base station. The base station may also be denoted an access point.

[0059] Note that in the different embodiments described herein above with respect to
Figs. 5-9, the determination 502, 601, 702, 801, 904 has been sometimes characterized as the
mobile device deciding between reference sub-frame TTI; or reference sub-frame TTI. In
another embodiment, the determination 502, 601, 702, 801, 904 is only deciding whether the
current/next candidate sub-frame TTI; the mobile device will receive is to be used for
measurements to determine the channel state information for the next channel state report, but
it does not “select” an alternative reference sub-frame TTL, in case it is not. If sub-frame TTI;
is selected by the mobile device, the mobile device may set a reporting flag internally. The
reporting flag, when set, prevents that the mobile device leaves a power-safe mode for
receiving a sub-frame, e.g. sub- frame TTI,, at a later point in time for channel state reporting
in the next reporting sub-frame TTlepor. After reporting the channel state information, the
reporting flag is reset. In case of DRX operations, each reporﬁng cycle may have such
reporting flag (m) associated with it. Note that in this case the flag does of course not have to

be reset after reporting in the given cycle m.

[0060] Furthermore, in some of the embodiments above, the SINR or a combined SINR
measure has been considered in the decision of the mobile device and/or for calculating the
channel state information to be reported for the reference sub-frame. Note that alternatively,
RSSI measurement could be considered by the mobile device. The RSSI may be indicative of
the average total received power observed only in OFDM symbols containing reference

symbols within a given reference sub-frame and may relate to a sub-band or a carrier.

[0061] A further alternative measurements may be the RSRP which is a RSSI-type of
measurement and relates to the power of the LTE Reference Signals spread over the full

bandwidth and narrowband. The 3GPP defined the RSRP as the linear average over the
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power contributions (in Watt) of the resource elements that carry cell-specific reference

signals within the considered measurement frequency bandwidth.

[0062] Another alternative measurement that may be used by the mobile device could be the
RSRQ which is a carrier-to-interference-type of measurement. The RSRQ indicates the
quality of the received reference signal within a sub-frame. The 3GPP defines the RSRQ as
the ratio N X RSRP/(E — UTRA carrier RSSI), where N is the number of Resource Blocks
(RBs) of the E-UTRA carrier RSSI measurement bandwidth.

[0063] Embodiments of this disclosure may be implemented in a mobile device. The various
embodiments described herein may be implemented by means of dedicated hardware, a
software program or a combination thereof to implement the desired functionality of the
respective device. Accordingly, another embodiment relates to the implementation of the
above described various embodiments using hardware and software. It is recognized that a
mobile device may be implemented by having computing devices (processors) execute a
software program that causes the desired functionality being executed. For exemplary
purposes only, a computing device or processor may be defined as is the electronic circuitry
within that carries out instructions of a computer program by performing the basic arithmetic,
logical, control and input/output (I/O) operations specified by the instructions. A computing
device or processor may for example be one or more general purpose processors, one or motre
microprocessors on one or more integrated circuits (IC), one or more digital signal processors
(DSP), one or more application specific integrated circuits (ASIC), one or more application
specific processors (ASIP), one or more field programmable gate arrays (FPGA) or other
programmable logic device(s) (PLD), etc. Some of the computing devices or processors may
have an internal memory (e.g. a cache and/or registers). Some of the computing devices or
processors may store the software program internally. In some embodiments, the processor

may have one or more processing units or cores.

[0064] Fig. 10 shows an exemplary mobile device that incorporates the principles of this
disclosure. Mobile device may comprise one or more antennas and/or one or more antenna
arrays 1005. Antenna arrays may be useful when implementing an embodiment in a wireless
communication system that supported MIMO. Furthermore, the mobile device comprises a
receiver component 1001 coupled to the antenna(s) and/or antenna array(s) 1005 to receive
signals. The receiver component 1001 may be implemented by means of a dedicated receiver
circuitry on an integrated circuit, optionally, together with at least some parts of the

transmitter component 1002. The receiver component 1001 receives signals corresponding to
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respective sub-frames under control of processor 1004, The receiver component 1001 may
have also some processing functionality, e.g. may include a processor. For example, the
receiver component 1001 may comprise a demodulation function and decoding function to
decode the demodulated symbols of the received signals. Similarly, the transmitter component
1002 of the mobile device is also coupled to the antenna(s) and/or antenna array(s) 1004 and
transmits data, such as the channel state information reported by the mobile device. The
transmitter component 1002 may have also some processing functionality, e.g. may include a
processor. For example, the transmitter component 1002 may comprise a modulation function
and coding function to encode transmission data and to modulate the encoded data to
modulation symbols of a sub-frame for transmission. Note that the receiver component 1001
and transmitter component 1002 may also be combined into a transceiver component. The
transceiver component may be formed by an integrated circuit. The mobile device also
comprises one or more processors 1004, The processor(s) 1004 may be provided separately
from other components, or may be partly incorporated therein. The processors 1004 may for
example react on instructions that are stored in memory 1003 and cause the mobile device to
perform the procedures as outlined in connection with the embodiments of Figs. 3 to 9. For
example, the processor(s) 1004 may execute instructions that allow the mobile terminal the
logic as shown in the different flow charts herein and that allow the mobile terminal to take
determinations 502, 601, 702, 801, 904, to perform calculations, such as determining the
channel state information, to buffer received signals, and/or to buffer lastly reported channel
state information or related parameters (e.g. SINRs) that are relevant for performing one of

the different embodiments.

[0065] The various embodiments may also be performed or embodied by a combination of
computing devices (processors) and software programs providing the desired functionality
stored on any kind of computer readable storage media, for example RAM, EPROM,
EEPROM, flash memory, registers, hard disks, CD-ROM, DVD, etc. One or more computer
readable storage media may be used to store a sequence of instructions that when executed by
a device that includes comprising a computing device or processor to perform one of the

various embodiments thereof described herein.

[0066] It should be further noted that the individual features of the different embodiments of
may individually or in arbitrary combination be subject matter to another embodiment

encompassed by this disclosure.
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[0067] Having thus described various embodiments, it is noted that the embodiments
disclosed are illustrative rather than limiting in nature and that a wide range of variations,
modifications, changes, and substitutions are contemplated in the foregoing disclosure and, in

some instances, some features of the embodiments may be employed without a corresponding

use of the other features.
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A method for reducing power consumption of a first device for use in a wireless

communication system, the method comprising:
receiving a first signal within a first reference sub-frame of a radio channel;

determining whether to use the first signal for obtaining channel state information
to be reported to a second device within a reporting sub-frame, or whether to
receive and use a second signal within a second reference sub-frame of the radio
channel for obtaining channel state information to be reported to a second device

within a predetermined sub-frame; and

reporting the obtained channel state information based on the first signal received
within the first reference sub-frame or the second signal within said second
reference sub-frame to the second device within the reporting sub-frame based on

the determination.

The method according to claim 1, further comprising cyclically reporting the

obtained channel state information to the second device.

The method according to claim 2, wherein the determination is based on the
variation of the obtained channel state information over one or more channel state

reporting cycles.

The method according to one of claims 1 to 3, wherein the method comprises
obtaining channel state information based on the first signal received within said
first reference sub-frame, and reporting the determined channel state information
if a value representative of the obtained channel state information varies less than
a threshold value from a value representative of channel state information reported

in a previous reporting cycle.

The method according to one of claims 1 to 3, wherein the method comprises
obtaining channel state information based on the first signal received within said
first reference sub-frame, and determining to report the determined channel state

information if a value representative of the determined channel state information
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varies less than a threshold value from an average value representative of channel

state information reported in a set of previous reporting cycles.

The method according to one of claims 1 to 3, wherein the method comprises
obtaining channel state information based on the first signal received within said
first reference sub-frame, and determining to report the obtained channel state
information if a value representative of the determined channel state information
varies less than a threshold value from an average value representative of channel

state information reported in a set of previous reporting cycles.

The method according to one of claims 1 to 3, wherein the method comprises
determining channel state information based on the first signal received within
said first reference sub-frame, and determining to report the obtained channel state
information if a value representative of the variation of the determined channel
state information and a value representative of channel state information reported

in at least one previous reporting cycle is below a threshold value.

The method according to one of claims 1 to 3, wherein the method comprises
obtaining to report the channel state information based on the first signal received
within said first reference sub-frame if a value representative of channel state
information reported in a first previous reporting cycle varies less than a threshold
value from a value representative of channel state information reported in a
second previous reporting cycle that is preceding the first previous reporting

cycle.

The method according to one of claims 1 to 3, wherein the method comprises
obtaining channel state information based on the first signal received within said
first reference sub-frame, and determining to report the obtained channel state
information in case a value representative of the obtained chaﬁnel state
information varies less than a threshold wvalue from an average value
representative of channel state information reported in a set of previous reporting

cycles.

The method according to one of claims 1 to 3, wherein the method comprises
obtaining to report the channel state information based on the first signal received

within said first reference sub-frame if a variation of the value representative of
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channel state information reported in previous reporting cycles is lower than a

threshold value.

The method according to claims 4 to 10, wherein the determination to report the
channel state information obtained based on the first or second reference sub-

frame is made before reception of the first and second reference sub-frame.

The method according to one of claims 4 to 11, wherein the threshold value is
determined based on a parameter indicative of the speed of movement of the first

device.

The method according to one of claims 1 to 12, wherein the determination is

based on a parameter indicative of the speed of movement of the first device.

The method according to claim 13, further comprising obtaining said parameter

indicative of the speed of movement of the first device.

The method according to one of claims 1 to 14, wherein the reporting sub-frame is

a sub-frame within a DRX on-duration.

The method according to claim 15, wherein the DRX on-duration includes a
plurality of consecutive sub-frames, and the reporting sub-frame is one of the first

three sub-frames within said DRX on-duration.

The method according to one of claims 1 to 16, wherein said second reference
sub-frame is a sub-frame the signal of which is conventionally to be used for

obtaining the channel state information within said reporting sub-frame.

The method according to one of claims 1 to 17, further comprising receiving the
second signal in said second reference sub-frame only in case it is determined that
the channel state information to be reported based on the second signal in said

second reference sub-frame.

The method according to one of claims 1 to 18, wherein the first device is
configured for DRX operation, where the first device’s receiver component is
periodically in connected state to receive a predetermined number of consecutive
sub-frames within a DRX on-duration, and can enter a power-safe mode in other

sub-frames than said predetermined number of consecutive sub-frames, unless the
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first device is configured for reception of a signal within one or more of said other

sub-frames,

The method according to claim 19, wherein said first reference sub-frame is a sub-
frame in which the first device’s receiver component is in connected state for
receiving signals of the radio channel within a DRX on-duration or a configured

reception of a signal within said one or more of said other sub-frames.

The method according to claim 19 or 20, wherein said second reference sub-frame
is a sub-frame in which the first device’s receiver component is in connected state

for a reception of a signal within said one or more of said other sub-frames.

The method according to one of claims 19 to 21, wherein the reporting sub-frame
for reporting the channel state information is a sub-frame within a DRX on-

duration following the first and second reference sub-frames.

The method according to one of claims 19 to 22, wherein the first reference sub-
frame is within a DRX on-duration before a DRX on-duration containing the

predetermined sub-frame.

The method according to one of claims 1 to 23, further comprising the step of

buffering the signal received within the first reference sub-frame.

The method according to one of claims 1 to 24, wherein the first device is a

mobile terminal.

The method according to one of claims 1 to 25, wherein the second device is a

base station of the wireless communication system.

A mobile device for reducing power consumption and for use in a wireless

communication system, wherein the mobile device comprises:
a receiver to receive a signal within a first reference sub-frame of a radio channel;

a processor to determine whether to use the received signal for obtaining channel
state information to be reported to a second device within a reporting sub-frame,
or whether to receive and use a second signal within a second reference sub-
frame of the radio channel for obtaining channel state information to be reported

to the second device within said predetermined later sub-frame; and
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a transmitter to report, based on said decision, channel state information obtained
based on the signal received within said first reference sub-frame or said second
signal within said second reference sub-frame to the second device within in said

reporting sub-frame.

The mobile device according to claim 27, further adapted to perform the steps of

the method according to one of claims 2 to 24.

One or more computer-readable media storing instructions that, when executed by

a processor of a first device, cause the first device to:
receive a signal within a first reference sub-frame of a radio channel,;

determine whether to use the received signal for obtaining channel state
information to be reported to a second device within a reporting sub-frame, or
whether to receive and use a second signal within a second reference sub-frame of
the radio channel for obtaining channel state information to be reported to the

second device within said predetermined later sub-frame; and

based on said determination, report channel state information obtained based on
the signal received within said first reference sub-frame or said second signal
within said second reference sub-frame to the second device within in said

reporting sub-frame.

The one or more computer-readable media according to claim 29, further storing
instructions that, when executed by the processor of the first device, cause the first

device to perform the steps of the method according to one of claims 2 to 24.
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