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(57) The present disclosure relates to a simple and
power-efficient procedure that allows using wake-up sig-
naling in inter-cell mobility scenarios. The procedure is
based on configuring a Wake-Up Signal (WUS) Beacon
Occasion (WBO) for each Tracking Area (TA) of a user
device. A WUS beacon corresponding to each cell in the
TA is transmitted once at a cell-specific time offset within
the WBO. The WBO is configured together with a map-
ping table that maps each of the cell-specific time offsets

to cell-specific information. The cell-specific information
may comprise a cell ID and/or an indicator of a cell-spe-
cific frequency and/or cell-specific frequency range to be
used for synchronization signal reception (e.g., Global
Synchronization Channel Number (GSCN)). Each TA
comprises intra-frequency cells only. By using the WBO,
the user device may reduce its power consumption by
avoiding switching from its sleep state to its active state
when doing cell reselections in the TA.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the field of
wireless communications, and more particularly to a user
device and a network node both so configured as to en-
hance power consumption of the user device by using
wake-up signaling in inter-cell mobility scenarios, as well
as to corresponding methods for operating the user de-
vice and the network node.

BACKGROUND

[0002] As the number of different communication serv-
ices requiring User Equipments (UEs) to be connected
to a wireless communication network is growing up from
day to day, power consumption caused by using the com-
munication services in the UEs is increasing as well. For
this reason, UE manufacturers always give much atten-
tion to seeking for solutions allowing the power consump-
tion to be reduced. This is especially important for those
UEs which use small rechargeable and non-rechargea-
ble batteries (e.g., different sensors and actuators that
are deployed extensively for monitoring, measuring,
charging and other tasks, as well as wearable devices
including smart watches, rings, eHealth related devices,
and medical monitoring devices). Furthermore, some of
these UEs not only require a long battery life, but also
require latency-critical services (e.g., fire detection and
extinguishing sensors). Therefore, the previously pro-
posed Discontinuous Reception (DRX) solutions (e.g.,
extended DRX (eDRX) that allows extending a periodicity
by which a UE wakes up to monitor for paging, which in
turn reduces average power consumption) are not appli-
cable as they would lead to unacceptable communication
latency.
[0003] Currently, a network node triggers a UE to
wake-up exactly when needed in an event-driven man-
ner, by transmitting a special Wake-Up Signal (WUS) to
the UE, which is monitored by a dedicated low-power
WUS receiver at the UE. When the UE receives the WUS,
the WUS receiver can trigger the wake-up of an ordinary
transceiver, whereupon intensive data exchange be-
tween the network node and the UE can start. Thus, if
there is no WUS, the transceiver is in an OFF-state or
kept in a deep sleep mode. In turn, the WUS receiver
can be operated in an always ’ON’ manner, while con-
suming significantly less power compared to the trans-
ceiver.
[0004] According to the existing WUS-based paging
procedure, a WUS towards a UE is only sent by a network
node in a cell in which the UE has most recently entered
RRC_IDLE state. This means that if the UE in RRC_IDLE
state reselects from the last cell to another cell, then it
shall not assume to be paged with the WUS. This is be-
cause the existing paging procedure does not support
wake-up signaling in inter-cell mobility scenarios. Given

this, the UE will have to turn on its transceiver after the
cell reselection, hence increasing its power consumption.

SUMMARY

[0005] This summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the detailed description. This summary
is not intended to identify key features of the present dis-
closure, nor is it intended to be used to limit the scope of
the present disclosure.
[0006] It is an objective of the present disclosure to
provide a technical solution that allows wake-up signaling
to be efficiently used in inter-cell mobility scenarios.
[0007] The objective above is achieved by the features
of the independent claims in the appended claims. Fur-
ther embodiments and examples are apparent from the
dependent claims, the detailed description and the ac-
companying drawings.
[0008] According to a first aspect, a user device is pro-
vided. The user device comprises at least one processor
and at least one memory. The at least one memory com-
prises a computer program code. The at least one mem-
ory and the computer program code are configured to,
with the at least one processor, cause the user device to
operate at least as follows. At first, the user device re-
ceives a WUS Beacon Occasion (WBO) configuration
for a current Tracking Area (TA). The current TA com-
prises a set of intra-frequency cells each having an ID.
The WBO configuration comprises a periodicity of a
WBO, a set of WUS beacons within the WBO, and a
mapping table. Each WUS beacon of the set of WUS
beacons has a cell-specific time offset within the WBO,
and the mapping table maps each of the cell-specific time
offsets to the ID of one cell of the set of intra-frequency
cells of the current TA. When the user device is in a sleep
state (e.g., RRC_IDLE, RRC_INACTIVE, or DRX state)
in the current TA, it starts monitoring a reception (RX)
level and/or RX quality of each WUS beacon of the set
of WUS beacons in the current TA. By using the moni-
tored RX levels and/or RX qualities, the user device de-
termines whether it is still within the current TA and
whether to switch between different WUS beacons of the
set of WUS beacons in the current TA, while remaining
in the sleep state. By so doing, the user device may re-
duce its power consumption by avoiding switching from
the sleep state to the active state (i.e., turning on its or-
dinary transceiver) when doing cell reselections in the
current TA. For example, if the user device determines
that the set of WUS beacons comprises another WUS
beacon better (in terms of the RX level and/or quality)
than the WUS beacon previously used by the user device,
it may switch to said another WUS beacon while remain-
ing in the sleep state. Said switching will in turn mean
reselection from the last cell to another (neighbouring)
cell within the TA, since all the WUS beacons are cell-
specific (via their time offsets within the WBO). Further-
more, since all the cells in the current TA are intra-fre-
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quency, i.e., use the same frequency for WUS beacon
transmissions, the user device does not need to make
any frequency changes (e.g., new frequency tuning) to
observe the WUS beacon from said another cell. This in
turn means that the user device does not need to re-tune
its Local Oscillator (LO) frequently, which allows the user
device to additionally reduce its average power con-
sumption. On top of that, since the WUS beacons are
time multiplexed in the WBO, they will not interfere with
each other inside the current TA.
[0009] In one example embodiment of the first aspect,
the at least one memory and the computer program code
are further configured to, with the at least one processor,
cause the user device to operate as follows. At first, the
user device determines that the RX level monitored for
each WUS beacon of the set of WUS beacons in the
current TA is less than a threshold, and/or the RX quality
monitored for each WUS beacon of the set of WUS bea-
cons in the current TA is less than a threshold. Then,
based on said determination, the user device detects that
it is beyond the current TA, whereupon the operations
indicated above for the current TA are performed by the
user device but for a new TA comprising a set of intra-
frequency cells each having an ID. Thus, if required, the
user device may perform, while being in the sleep state,
cell reselection not only within one TA, but also between
different TAs. More specifically, the user device may de-
tect that it moves outside its current TA when it is no
longer able to receive any WUS beacon with a sufficient
RX level and/or quality within the configured WBO. In this
case, the user device may switch back to its active state
(i.e., turn on its transceiver) and checks if cell reselection
to a stronger serving cell is possible. A new WBO con-
figuration may then be acquired from broadcasted sys-
tem information or via dedicated signaling.
[0010] In one example embodiment of the first aspect,
the WBO for the new TA is time shifted and/or frequency
shifted from the WBO for the current TA. This may allow
avoiding interferences between neighbouring TAs.
[0011] In one example embodiment of the first aspect,
the at least one memory and the computer program code
are further configured to, with the at least one processor,
cause the user device to operate as follows. The user
device receives, together with the WBO configuration for
the current TA, a cell-optimized WBO configuration that
comprises: at least one WUS beacon of the set of WUS
beacons in the WBO configuration for the current TA,
and at least one WUS beacon of a set of WUS beacon
in a WBO configuration for at least one other TA. The at
least one WUS beacon of the set of WUS beacons in the
WBO configuration for each of the at least one other TA
is time shifted from the at least one WUS beacon of the
set of WUS beacons in the WBO configuration for the
current TA. Then, the user device monitors a RX level
and/or RX quality of each WUS beacon in the cell-opti-
mized WBO configuration when the user device is in the
sleep state. After that, the user device uses the monitored
RX level and/or RX quality of each WUS beacon in the

cell-optimized WBO configuration to decide whether to
switch between different WUS beacons in the cell-opti-
mized WBO configuration or to switch from the cell-opti-
mized WBO configuration to the WBO configuration for
the current TA and starts performing the above-indicated
operations of the current TA. The benefit provided by the
cell-optimized WBO configuration is that it may comprise
the WUS beacons from the most relevant neighboring
cells even if they are provided in different TAs. If the user
device fails to detect proper (in terms of the RX level
and/or quality) one or more WUS beacons within the cell-
optimized WBO configuration, it may fall back to a WBO
configuration for a certain TA (i.e., TA-specific WBO con-
figuration).
[0012] In one example embodiment of the first aspect,
the mapping table further maps each of the cell-specific
time offsets to an indicator of a cell-specific frequency
and/or cell-specific frequency range to be used by the
user device to search for a synchronization signal. To-
gether with the cell ID, this indicator may allow the user
device to receive a synchronization signal (e.g., Synchro-
nization Signal Block (SSB)) in a corresponding service
cell in the TA without searching for it.
[0013] In one example embodiment of the first aspect,
the indicator of the cell-specific frequency and/or cell-
specific frequency range is configured as a Global Syn-
chronization Channel Number (GSCN). The GSCN may
allow the user device to determine the frequency of the
synchronization signal (e.g., SSB) of the serving cell
more quickly and efficiently.
[0014] In one example embodiment of the first aspect,
the WBO configuration further comprises, for the set of
WUS beacons, at least one of the following: an allocated
subcarrier; a symbol offset, a slot offset and a frame off-
set; a symbol duration, a slot duration and a frame dura-
tion; and a frame periodicity. By using these additional
parameters, the user device may easily find a time and/or
frequency position of each WUS beacon within the WBO.
[0015] According to a second aspect, a network node
is provided. The network node comprises at least one
processor and at least one memory. The at least one
memory comprises a computer program code. The at
least one memory and the computer program code are
configured to, with the at least one processor, cause the
network node to operate at least as follows. At first, the
network node defines a WBO configuration for a current
TA of a user device. The current TA comprises a set of
intra-frequency cells each having an ID. The WBO con-
figuration comprises a periodicity of a WBO, a set of WUS
beacons within the WBO, and a mapping table. Each
WUS beacon of the set of WUS beacons has a cell-spe-
cific time offset within the WBO. The mapping table maps
each of the cell-specific time offsets to the ID of one cell
of the set of intra-frequency cells of the current TA. After
that, the network node transmits the WBO configuration
to the user device. By using the WBO configuration, the
network node may allow the user device to reduce its
power consumption by avoiding switching from a sleep

3 4 



EP 4 351 230 A1

4

5

10

15

20

25

30

35

40

45

50

55

state to an active state (i.e., turning on the ordinary trans-
ceiver of the user device) when doing cell reselections
in the current TA. For example, if the user device deter-
mines that the set of WUS beacons comprises another
WUS beacon better (in terms of the RX level or quality)
than the WUS beacon previously used by the user device,
it may switch to said another WUS beacon while remain-
ing in the sleep state. Said switching will in turn mean
reselection from the last cell to another (neighbouring)
cell within the current TA, since all the WUS beacons are
cell-specific (via their time offsets within the WBO). Fur-
thermore, since all the cells in the current TA are intra-
frequency, i.e., use the same frequency for WUS beacon
transmissions, the user device does not need to make
any frequency changes (e.g., new frequency tuning) to
observe the WUS beacon from said another cell. This in
turn means that the user device does not need to re-tune
its LO frequently, which allows the user device to addi-
tionally reduce its average power consumption. On top
of that, since the WUS beacons are time multiplexed in
the WBO, they will not interfere with each other inside
the current TA.
[0016] In one example embodiment of the second as-
pect, the at least one memory and the computer program
code are further configured to, with the at least one proc-
essor, cause the network node to operate as follows. The
network node defines, together with the WBO configura-
tion for the current TA, a cell-optimized WBO configura-
tion that comprises: at least one WUS beacon of the set
of WUS beacons in the WBO configuration for the current
TA, and at least one WUS beacon of a set of WUS beacon
in a WBO configuration for at least one other TA. The at
least one WUS beacon of the set of WUS beacons in the
WBO configuration for each of the at least one other TA
is time shifted from the at least one WUS beacon of the
set of WUS beacons in the WBO configuration for the
current TA. After that, the network node transmits, to-
gether with the WBO configuration for the current TA, the
cell-optimized WBO configuration to the user device. The
benefit provided by the cell-optimized WBO configuration
is that it may comprise the WUS beacons from the most
relevant neighboring cells even if they are provided in
different TAs. If the user device fails to detect proper (in
terms of the RX level and/or quality) one or more WUS
beacons within the cell-optimized WBO configuration, it
may fall back to a WBO configuration for a certain TA
(i.e., TA-specific WBO configuration).
[0017] In one example embodiment of the second as-
pect, the mapping table further maps each of the cell-
specific time offsets to an indicator of a cell-specific fre-
quency and/or cell-specific frequency range to be used
by the user device to search for a synchronization signal.
Together with the cell ID, this indicator may allow the
user device to receive a synchronization signal (e.g.,
SSB) in a corresponding service cell in the TA without
searching for it.
[0018] In one example embodiment of the second as-
pect, the indicator of the cell-specific frequency and/or

cell-specific frequency range is configured as a GSCN.
The GSCN may allow the user device to determine the
frequency of the synchronization signal (e.g., SSB) of the
serving cell more quickly and efficiently.
[0019] In one example embodiment of the second as-
pect, the WBO configuration further comprises, for the
set of WUS beacons, at least one of the following: an
allocated subcarrier; a symbol offset, a slot offset and a
frame offset; a symbol duration, a slot duration and a
frame duration; and a frame periodicity. By sending these
additional parameters in the WBO configuration, the net-
work node may allow the user device to easily find a time
and/or frequency position of each WUS beacon within
the WBO.
[0020] According to a third aspect, a method for oper-
ating a user device is provided. The method starts with
the step of receiving a WBO configuration for a current
TA. The current TA comprises a set of intra-frequency
cells each having an ID. The WBO configuration com-
prises a periodicity of a WBO, a set of WUS beacons
within the WBO, and a mapping table. Each WUS beacon
of the set of WUS beacons has a cell-specific time offset
within the WBO, and the mapping table maps each of
the cell-specific time offsets to the ID of one cell of the
set of intra-frequency cells of the current TA. After that,
when the user device is in a sleep state in the current
TA, the method goes on to the step of monitoring a RX
level and/or RX quality of each WUS beacon of the set
of WUS beacons in the current TA. Next, the method
proceeds to the step of using the monitored RX levels
and/or RX qualities to determine whether the user device
is within the current TA and whether to switch between
different WUS beacons of the set of WUS beacons in the
current TA, while remaining in the sleep state. By so do-
ing, the user device may reduce its power consumption
by avoiding switching from the sleep state to the active
state (i.e., turning on its ordinary transceiver) when doing
cell reselections in the current TA. For example, if the
user device determines that the set of WUS beacons
comprises another WUS beacon better (in terms of the
RX level and/or quality) than the WUS beacon previously
used by the user device, it may switch to said another
WUS beacon while remaining in the sleep state. Said
switching will in turn mean reselection from the last cell
to another (neighbouring) cell within the current TA, since
all the WUS beacons are cell-specific (via their time off-
sets within the WBO). Furthermore, since all the cells in
the current TA are intra-frequency, i.e., use the same
frequency for WUS beacon transmissions, the user de-
vice does not need to make any frequency changes (e.g.,
new frequency tuning) to observe the WUS beacon from
said another cell. This in turn means that the user device
does not need to re-tune its LO frequently, which allows
the user device to additionally reduce its average power
consumption. On top of that, since the WUS beacons are
time multiplexed in the WBO, they will not interfere with
each other inside the current TA.
[0021] According to a fourth aspect, a method for op-
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erating a network node is provided. The method starts
with the step of defining a WBO configuration for a current
TA of a user device. The current TA comprises a set of
intra-frequency cells each having an ID. The WBO con-
figuration comprises a periodicity of a WBO, a set of WUS
beacons within the WBO, and a mapping table. Each
WUS beacon of the set of WUS beacons has a cell-spe-
cific time offset within the WBO. The mapping table maps
each of the cell-specific time offsets to the ID of one cell
of the set of intra-frequency cells of the current TA. After
that, the method proceeds to the step of transmitting the
WBO configuration to the user device. By using the WBO
configuration, the network node may allow the user de-
vice to reduce its power consumption by avoiding switch-
ing from a sleep state to an active state (i.e., turning on
the ordinary transceiver of the user device) when doing
cell reselections in the current TA. For example, if the
user device determines that the set of WUS beacons
comprises another WUS beacon better (in terms of the
RX level and/or quality) than the WUS beacon previously
used by the user device, it may switch to said another
WUS beacon while remaining in the sleep state. Said
switching will in turn mean reselection from the last cell
to another (neighbouring) cell within the current TA, since
all the WUS beacons are cell-specific (via their time off-
sets within the WBO). Furthermore, since all the cells in
the current TA are intra-frequency, i.e., use the same
frequency for WUS beacon transmissions, the user de-
vice does not need to make any frequency changes (e.g.,
new frequency tuning) to observe the WUS beacon from
said another cell. This in turn means that the user device
does not need to re-tune its LO frequently, which allows
the user device to additionally reduce its average power
consumption. On top of that, since the WUS beacons are
time multiplexed in the WBO, they will not interfere with
each other inside the current TA.
[0022] According to a fifth aspect, a user device is pro-
vided. The user device comprises a means for receiving
a WBO configuration for a current TA. The current TA
comprises a set of intra-frequency cells each having an
ID. The WBO configuration comprises a periodicity of a
WBO, a set of WUS beacons within the WBO, and a
mapping table. Each WUS beacon of the set of WUS
beacons has a cell-specific time offset within the WBO,
and the mapping table maps each of the cell-specific time
offsets to the ID of one cell of the set of intra-frequency
cells of the current TA. The user device further comprises
a means for monitoring a RX level and/or RX quality of
each WUS beacon of the set of WUS beacons in the
current TA when the user device is in a sleep state in the
current TA. The user device further comprises a means
for using the monitored RX levels and/or RX qualities to
determine whether the user device is still within the cur-
rent TA and whether to switch between different WUS
beacons of the set of WUS beacons in the current TA,
while remaining in the sleep state. By so doing, the user
device may reduce its power consumption by avoiding
switching from the sleep state to the active state (i.e.,

turning on its ordinary transceiver) when doing cell rese-
lections in the current TA. For example, if the user device
determines that the set of WUS beacons comprises an-
other WUS beacon better (in terms of the RX level and/or
quality) than the WUS beacon previously used by the
user device, it may switch to said another WUS beacon
while remaining in the sleep state. Said switching will in
turn mean reselection from the last cell to another (neigh-
bouring) cell within the current TA, since all the WUS
beacons are cell-specific (via their time offsets within the
WBO). Furthermore, since all the cells in the current TA
are intra-frequency, i.e., use the same frequency for
WUS beacon transmissions, the user device does not
need to make any frequency changes (e.g., new frequen-
cy tuning) to observe the WUS beacon from said another
cell. This in turn means that the user device does not
need to re-tune its Local Oscillator (LO) frequently, which
allows the user device to additionally reduce its average
power consumption. On top of that, since the WUS bea-
cons are time multiplexed in the WBO, they will not in-
terfere with each other inside the current TA.
[0023] According to a sixth aspect, a network node is
provided. The network node comprises a means for de-
fining a WBO configuration for a current TA of a user
device. The current TA comprises a set of intra-frequency
cells each having an ID. The WBO configuration com-
prises a periodicity of a WBO, a set of WUS beacons
within the WBO, and a mapping table. Each WUS beacon
of the set of WUS beacons has a cell-specific time offset
within the WBO. The mapping table maps each of the
cell-specific time offsets to the ID of one cell of the set of
intra-frequency cells of the current TA. The network node
further comprises a means for transmitting the WBO con-
figuration to the user device. By using the WBO config-
uration, the network node may allow the user device to
reduce its power consumption by avoiding switching from
a sleep state to an active state (i.e., turning on the ordi-
nary transceiver of the user device) when doing cell re-
selections in the current TA. For example, if the user de-
vice determines that the set of WUS beacons comprises
another WUS beacon better (in terms of the RX level
and/or quality) than the WUS beacon previously used by
the user device, it may switch to said another WUS bea-
con while remaining in the sleep state. Said switching
will in turn mean reselection from the last cell to another
(neighbouring) cell within the current TA, since all the
WUS beacons are cell-specific (via their time offsets with-
in the WBO). Furthermore, since all the cells in the current
TA are intra-frequency, i.e., use the same frequency for
WUS beacon transmissions, the user device does not
need to make any frequency changes (e.g., new frequen-
cy tuning) to observe the WUS beacon from said another
cell. This in turn means that the user device does not
need to re-tune its LO frequently, which allows the user
device to additionally reduce its average power con-
sumption. On top of that, since the WUS beacons are
time multiplexed in the WBO, they will not interfere with
each other inside the current TA.
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[0024] Other features and advantages of the present
disclosure will be apparent upon reading the following
detailed description and reviewing the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The present disclosure is explained below with
reference to the accompanying drawings in which:

FIG. 1 shows a block diagram of a user device in
accordance with one example embodiment;

FIG. 2 shows a flowchart of a method for operating
the user device of FIG. 1 in accordance with one
example embodiment;

FIG. 3 shows a schematic structure of Wake-Up Sig-
nal (WUS) Beacon Occasion (WBO) in accordance
with one example embodiment;

FIG. 4 shows a block diagram of a network node in
accordance with one example embodiment;

FIG. 5 shows a flowchart of a method for operating
the network node of FIG. 10 in accordance with one
example embodiment;

FIG. 6 shows an interaction diagram that explains
the interaction between a user device and different
network entities to implement waking-up signaling in
inter-cell mobility scenarios;
and

FIG. 7 schematically explains how cells in two neigh-
bouring Tracking Areas (TAs) are mapped to differ-
ent WBOs by using mapping tables.

DETAILED DESCRIPTION

[0026] Various embodiments of the present disclosure
are further described in more detail with reference to the
accompanying drawings. However, the present disclo-
sure can be embodied in many other forms and should
not be construed as limited to any certain structure or
function discussed in the following description. In con-
trast, these embodiments are provided to make the de-
scription of the present disclosure detailed and complete.
[0027] According to the detailed description, it will be
apparent to the ones skilled in the art that the scope of
the present disclosure encompasses any embodiment
thereof, which is disclosed herein, irrespective of whether
this embodiment is implemented independently or in con-
cert with any other embodiment of the present disclosure.
For example, the apparatuses and methods disclosed
herein can be implemented in practice by using any num-
bers of the embodiments provided herein. Furthermore,
it should be understood that any embodiment of the

present disclosure can be implemented using one or
more of the elements presented in the appended claims.
[0028] Unless otherwise stated, any embodiment re-
cited herein as "example embodiment" should not be con-
strued as preferable or having an advantage over other
embodiments.
[0029] According to the example embodiments dis-
closed herein, a user device may refer either to a User
Equipment (UE) or any other entity (e.g., Medium Access
Control entity) in a wireless communication network. The
UE may refer to an electronic computing device that is
configured to perform wireless communications. The UE
may be implemented as a mobile station, a mobile ter-
minal, a mobile subscriber unit, a mobile phone, a cellular
phone, a smart phone, a cordless phone, a personal dig-
ital assistant (PDA), a wireless communication device, a
desktop computer, a laptop computer, a tablet computer,
a gaming device, a netbook, a smartbook, an ultrabook,
a medical mobile device or equipment, a biometric sen-
sor, a wearable device (e.g., a smart watch, smart glass-
es, a smart wrist band, etc.), an entertainment device
(e.g., an audio player, a video player, etc.), a vehicular
component or sensor (e.g., a driver-assistance system),
a smart meter/sensor, an unmanned vehicle (e.g., an in-
dustrial robot, a quadcopter, etc.) and its component
(e.g., a self-driving car computer), industrial manufactur-
ing equipment, a global positioning system (GPS) device,
an Internet-of-Things (IoT) device, an Industrial loT (IIoT)
device, a machine-type communication (MTC) device, a
group of Massive loT (MloT) or Massive MTC (mMTC)
devices/sensors, or any other suitable mobile device con-
figured to support wireless communications. In some em-
bodiments, the UE may refer to at least two collocated
and inter-connected UEs thus defined.
[0030] As used in the example embodiments disclosed
herein, a network node may refer to a fixed point of com-
munication/communication node for a user device in a
particular wireless communication network. More specif-
ically, the network node may be used to connect the user
device to a Data Network (DN) through a Core Network
(CN) and may be referred to as a base transceiver station
(BTS) in terms of the 2G communication technology, a
NodeB in terms of the 3G communication technology, an
evolved NodeB (eNodeB or eNB) in terms of the 4G com-
munication technology, and a gNB in terms of the 5G
New Radio (NR) communication technology. The net-
work node may serve different cells, such as a macrocell,
a microcell, a picocell, a femtocell, and/or other types of
cells. The macrocell may cover a relatively large geo-
graphic area (e.g., at least several kilometers in radius).
The microcell may cover a geographic area less than two
kilometers in radius, for example. The picocell may cover
a relatively small geographic area, such, for example, as
offices, shopping malls, train stations, stock exchanges,
etc. The femtocell may cover an even smaller geographic
area (e.g., a home). Correspondingly, the network node
serving the macrocell may be referred to as a macro
node, the network node serving the microcell may be
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referred to as a micro node, and so on.
[0031] According to the example embodiments dis-
closed herein, a wireless communication network, in
which a user device and a network node communicate
with each other, may refer to a cellular or mobile network,
a Wireless Local Area Network (WLAN), a Wireless Per-
sonal Area Networks (WPAN), a Wireless Wide Area Net-
work (WWAN), a satellite communication (SATCOM)
system, or any other type of wireless communication net-
works. Each of these types of wireless communication
networks supports wireless communications according
to one or more communication protocol standards. For
example, the cellular network may operate according to
the Global System for Mobile Communications (GSM)
standard, the Code-Division Multiple Access (CDMA)
standard, the Wide-Band Code-Division Multiple Access
(WCDM) standard, the Time-Division Multiple Access
(TDMA) standard, or any other communication protocol
standard, the WLAN may operate according to one or
more versions of the IEEE 802.11 standards, the WPAN
may operate according to the Infrared Data Association
(IrDA), Wireless USB, Bluetooth, or ZigBee standard,
and the WWAN may operate according to the Worldwide
Interoperability for Microwave Access (WiMAX) stand-
ard.
[0032] The verb "wake up" and its derivatives used
herein relate to a transition of a user device from a sleep
state characterized by low power consumption into an
active state characterized by high power consumption.
The sleep state (herein also referred to as a WUS mode)
may refer to any of RRC_IDLE and RRC_INACTIVE in
accordance with the Radio Resource Control (RRC) pro-
tocol, or to a DRX mode (i.e., sleep mode). As for the
active state, it may refer to any of RRC_CONNECTED
and a DRX active mode (i.e., wake-up mode). The above-
mentioned transition results in turning on an ordinary
transceiver responsible for performing the baseband
processing of an ordinary communication channel (dif-
ferent from a WUS channel) between the network node
and the user device. The transceiver may be represent-
ed, for example, by a Baseband Unit (BBU) or a base-
band processor that relates to an electronic device (ED)
or an ED pool in which the baseband processing is carried
out. Some examples of the BBU may include, but not
limited to, a modem, a front-end processor, a communi-
cation controller, or any other similarly functioning device.
In general, the BBU is responsible for digital signal
processing and may, for example, execute the following
functions: digital intermediate frequency (IF) to baseband
conversion/digital baseband to IF conversion, modula-
tion/demodulation, constellation mapping/demapping,
scrambling/descrambling, and/or encoding/decoding.
[0033] As used in the example embodiments disclosed
herein, a Wake-Up Signal (WUS) may relate to a wireless
signal having encoded thereon instructions for a user de-
vice or a set of user devices either to wake up or continue
being in the sleep state. Being instructed to be woken
up, a user device, i.e., the transceiver included therein,

starts processing the ordinary communication channel
between the network node and the user device. Corre-
spondingly, the WUS is generated and transmitted by a
network node, and then received by the user device. The
WUS is only transmitted when the network node wants
the user device to wake up, e.g., to page the user device.
[0034] In general, the existing waking-up procedure is
based on using a separate low-power WUS receiver at
a user device. The WUS receiver is assumed to be con-
figured to monitor a dedicated communication channel
for any one or more WUSs from any one or more network
nodes. For this reason, the WUS receiver should operate
in an always ’ON’ manner with very low power consump-
tion. It is also assumed that the ordinary transceiver of
the user device may be in a sleep state (or even powered
off) for power saving and be activated only the WUS re-
ceiver receives a WUS from a network node. In response
to the WUS, the WUS receiver may trigger the wake-up
of the transceiver, whereupon intensive data exchange
between the network node and the user device may start.
[0035] It should also be noted that there is a tradeoff
between the power consumption and Radio Frequency
(RF) sensitivity (i.e., coverage) of the WUS receiver, and
that the WUS receiver sensitivity is usually significantly
worse than a main receiver (e.g., included in the trans-
ceiver) of the user device. For example, according to the
3GPP (see RWS-210168), for the main receiver in NR
RRC_IDLE state an RF sensitivity of -100 dBm is asso-
ciated with an average power consumption of 30-50 mW.
Typically, the main receiver can operate at around -120
dBm. As for the WUS receiver, an RF sensitivity of -70/80
dBm is associated with an average power consumption
of 7.4 nW. This means 100x power saving with some
sensitivity degradation.
[0036] As also defined in the 3GPP (see TS 36.304
V17.0.0 section 7.4 a), a WUS-based paging procedure
is performed as follows: a WUS is sent by a network node
towards a user device only in the cell in which the user
device most recently entered RRC_IDLE state. This cell
is defined as the cell in which the user device received:
RRCEarlyDataComplete message, RRCConnectionRe-
lease message not including noLastCellUpdate, or a
RRCConnectionRelease message including noLastCel-
lUpdate (and the user device was using a gentle WUS
(GWU) in this cell prior to this RRC connection attempt).
Thus, if the UE, while being in RRC_IDLE state, reselects
from the last cell to another cell, then it shall not assume
to be paged with the WUS. This is because there is cur-
rently no waking-up signaling support in inter-cell mobility
scenarios. Therefore, the user device will have to switch
back to the main receiver after the cell reselection, hence
increasing its power consumption.
[0037] Given the above, a simple and power-efficient
procedure is needed to allow using wake-up signaling in
inter-cell mobility scenarios, i.e., when a user device
moves from one cell to another while being in the sleep
state. From the user device’s side, maintaining the sleep
state during/after cell reselection requires that the user
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device can discover the presence of a neighboring cell
and evaluate that it is still within a WUS coverage in the
neighboring cell using its WUS receiver. This in turns
means that the user device can evaluate, by using the
WUS receiver, that the RX quality/level of the reselected
neighboring cell is sufficiently good. Since a WUS is only
transmitted when a network node wants the user device
to wake up, then the WUS cannot be used to evaluate
the cell quality or if a cell reselection shall be done. In-
stead, the present authors have suggested using a WUS
beacon representing a signal that may be transmitted
periodically in each cell, and the WUS beacon may there-
fore be tracked and evaluated by the user device (with
the aid of the WUS receiver) to do cell reselection in the
sleep state (e.g., RRC_IDLE), if required. It should be
noted that the WUS beacon does not necessarily wake
up the user device.
[0038] More specifically, the above-proposed proce-
dure is based on configuring a WUS Beacon Occasion
(WBO) for each Tracking Area (TA) allocated to the user
device. In the WBO, a WUS beacon corresponding to
each cell in TA is transmitted once at a cell-specific time
offset (i.e., a WUS beacon index) within a time window
spanning the WBO. The WBO is also configured together
with a mapping table that maps each of the cell-specific
time offsets to cell-specific information. The cell-specific
information may comprise a cell ID and/or an indicator
of a cell-specific frequency and/or cell-specific frequency
range to be used by the user device to search for a syn-
chronization signal in a reselected cell. This indicator may
be represented by a Global Synchronisation Channel
Number (GSCN). Each TA allocated to the user device
comprises a set of intra-frequency cells only; in this case,
there is no need for the user device to make any frequen-
cy tuning when doing cell reselection in the TA, which
also helps the user device additionally reduce its power
consumption. The WBOs are proposed to be common
for all the intra-frequency cells within the TA, but unique
for neighbouring TAs.
[0039] FIG. 1 shows a block diagram of a user device
100 in accordance with one example embodiment. The
user device 100 is intended to communicate with one or
more network nodes (e.g., gNBs) in any of the above-
described wireless communication networks. The user
device 100 may be implemented as any of the above-
described UEs. As shown in FIG. 1, the user device 100
comprises a processor 102, a memory 104, a transceiver
106, and a WUS receiver 108. The memory 104 stores
processor-executable instructions 110 which, when ex-
ecuted by the processor 102, cause the processor 102
to perform the aspects of the present disclosure, as will
be described below in more detail. It should be noted that
the number, arrangement, and interconnection of the
constructive elements constituting the user device 100,
which are shown in FIG. 1, are not intended to be any
limitation of the present disclosure, but merely used to
provide a general idea of how the constructive elements
may be implemented within the user device 100. For ex-

ample, the processor 102 may be replaced with several
processors, as well as the memory 104 may be replaced
with several removable and/or fixed storage devices, de-
pending on particular applications. Furthermore, in some
embodiments, the transceiver 106 may be implemented
as two individual devices, with one for a receiving oper-
ation and another for a transmitting operation. Irrespec-
tive of its implementation, the transceiver 106 is intended
to be capable of performing different operations required
to perform the data reception and transmission, such, for
example, as signal modulation/demodulation, encod-
ing/decoding, etc. As for the WUS receiver 108, it is as-
sumed to able to monitor one or more dedicated channels
which are used in the network to transmit WUSs and
WUS beacons from the network nodes to the user device
100.
[0040] The processor 102 may be implemented as a
CPU, general-purpose processor, single-purpose proc-
essor, microcontroller, microprocessor, application spe-
cific integrated circuit (ASIC), field programmable gate
array (FPGA), digital signal processor (DSP), complex
programmable logic device, etc. It should be also noted
that the processor 102 may be implemented as any com-
bination of one or more of the aforesaid. As an example,
the processor 102 may be a combination of two or more
microprocessors.
[0041] The memory 104 may be implemented as a
classical nonvolatile or volatile memory used in the mod-
ern electronic computing machines. As an example, the
nonvolatile memory may include Read-Only Memory
(ROM), ferroelectric Random-Access Memory (RAM),
Programmable ROM (PROM), Electrically Erasable
PROM (EEPROM), solid state drive (SSD), flash mem-
ory, magnetic disk storage (such as hard drives and mag-
netic tapes), optical disc storage (such as CD, DVD and
Blu-ray discs), etc. As for the volatile memory, examples
thereof include Dynamic RAM, Synchronous DRAM
(SDRAM), Double Data Rate SDRAM (DDR SDRAM),
Static RAM, etc.
[0042] The processor-executable instructions 110
stored in the memory 104 may be configured as a com-
puter-executable program code which causes the proc-
essor 102 to perform the aspects of the present disclo-
sure. The computer-executable program code for carry-
ing out operations or steps for the aspects of the present
disclosure may be written in any combination of one or
more programming languages, such as Java, C++, or
the like. In some examples, the computer-executable
program code may be in the form of a high-level language
or in a pre-compiled form and be generated by an inter-
preter (also pre-stored in the memory 104) on the fly.
[0043] FIG. 2 shows a flowchart of a method 200 for
operating the user device 100 in accordance with one
example embodiment. The method 200 starts with a step
S202, in which the processor 102 causes the transceiver
106 to receive, from a network node, a WBO configura-
tion for a current TA. The WBO configuration may be
received in the step S202 when the user device 102 is
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in an active state (i.e., when the transceiver 106 is on),
such as RRC_CONNECTED state (i.e., the WBO con-
figuration may be provided via dedicated RRC signaling).
At the same time, the WBO configuration may be re-
ceived in the step S202 as part of System Information
Block (SIB) information when the user device 100 is in
RRC_IDLE state. The current TA comprises a set of intra-
frequency cells each having an ID (e.g., Physical Cell ID
(PCI)). The current TA may be represented by a RAN
Notification Area (RNA). The WBO configuration com-
prises a periodicity of a WBO, a set of WUS beacons
within the WBO, and a mapping table. Each WUS beacon
of the set of WUS beacons has a cell-specific time offset
within the WBO. The mapping table maps each of the
cell-specific time offsets to the ID of one cell of the set of
intra-frequency cells of the current TA.. Afterthat, when
the userdevice 100 is in the sleep state in the current TA,
the method 200 goes on to a step S204, in which the
processor 102 causes the WUS receiver 108 to monitor
a RX level and/or RX quality of each WUS beacon of the
set of WUS beacons in the current TA. Next, the method
200 proceeds to a step S206, in which the processor 102
uses the monitored RX levels and/or RX qualities to de-
termine whether the user device 100 is within the current
TA and whether to switch between different WUS bea-
cons of the set of WUS beacons in the current TA, while
remaining in the sleep state. In general, as the user de-
vice 100 moves between cells in the current TA, it may
switch between different WUS beacons in the WBO. In
other words, the processor 102 may perform switching
from one WUS beacon to another when it determines
that there is a better (in terms of the RX level and/or
quality) WUS beacon in the WBO.
[0044] In one embodiment, the mapping table may also
be extended with an indicator of a cell-specific frequency
and/or cell-specific frequency range, such as a GSCN,
so that the user device 100 knows at which frequency to
find a SSB of a cell when switching from the sleep state
(when only the WUS receiver 108 is on) to the active
state. More specifically, the GSCN allows the user device
100 to set its RX LO to a correct frequency immediately
and only receive the bandwidth (BW) of the SSB. At the
same time, it should be noted that the GSCN or any other
indicator of a cell-specific frequency and/or cell-specific
frequency range is not necessary. If there is no GSCN
included in the mapping table, the user device 100 may
simply search across a larger BW to find the SSB, but
this, of course, lead to an increase the time required to
find the SSB and, consequently, an increase in its power
consumption.
[0045] In one embodiment, if the processor 102 deter-
mines, in the step S206, that the RX level monitored for
each WUS beacon of the set of WUS beacons in the
current TA is less than a threshold and/or the RX quality
for each WUS beacon of the set of WUS beacons in the
current TA is less than a threshold, the processor 102
may detect that the user device 100 is beyond the current
TA. Then, the processor 102 turns on the transceiver 106

to do cell reselection in a new TA which, similar to the
current TA, comprises a set of intra-frequency cells each
having an ID. After that, the processor 102 may perform
the steps S202-S206 from the beginning but now for the
new TA (in this case, the user node 100 may be provided
with a new WBO from another network node).
[0046] FIG. 3 shows a schematic structure of a WBO
in accordance with one example embodiment. All WUS
beacons (schematically shown as small black rectangles
in FIG. 3) from different cells (i.e., a Serving Cell (SC)
and six Neighbouring Cells (NCs)) are transmitted at the
same subcarrier frequencies inside the same WBO. The
user device 100 may evaluate if it is able to receive any
WUS beacon from any cell by monitoring the time window
spanning the whole WBO without making any frequency
changes. It should be noted that the WUS receiver 108
of the user device 100 may also sleep between WBO
periods. In some embodiments, the WUS receiver 108
may sleep for multiple WBO periods as long as it has a
good reception quality and is able to maintain timing
alignment. The WUS receiver 108 does however need
to wake up and listen for WUSs at other occasions con-
figured for the WUSs, but this is beyond the scope of the
present disclosure.
[0047] The configuration of the WBO may be given as
part of a SIB (e.g., SystemlnformationBlockType2) or in
dedicated signaling (e.g., RRC messages), or it may be
given as part of signaling involved in the Registration
request procedure (e.g., see 3GPP TS 23.502 "Proce-
dures for the 5G System (5GS)"). The WBO configuration
may also include at least one of: allocated subcarriers;
a symbol offset, slot offset and frame offset; a symbol
duration, slot duration and frame duration; and a frame
periodicity. The allocated subcarriers may allow the user
device 100 to find the frequency location of each WUS
beacon, and at least a center frequency is needed to tune
the WUR receiver 108. The symbol offset, slot offset and
frame offset may allow the user device 100 to find the
time position of the WBO relative to the frame timing of
the network node which provided the WBO to the user
device 100. This may allow the user device 100 to know
where to find the beacon when switching to the WUS
mode and likewise the user device 100 may use this to
calculate the frame timing when switching back to the
transceiver 106 from the WUS receiver 108.
[0048] Since the WUS beacons corresponding to dif-
ferent cells in the current TA are time multiplexed (i.e.,
provided with different time offsets in the WBO), this al-
lows avoiding the WUS beacons interferes with each oth-
er in the current TA. To avoid interference between neigh-
bouring TAs, it is suggested that different WBOs are
used, either time shifted and/or frequency shifted. The
user device 100 may then detect that it moves outside
its current TA, as it will no longer be able to receive any
WUS beacon having a sufficient RX level and/or quality
within the configured WBO. In this case, the user device
100 may switch back to the active state (i.e., turn on the
transceiver 106) and checks if cell reselection to a strong-
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er serving cell is possible. A new WBO configuration may
then be acquired from broadcasted system information
or via dedicated signaling.
[0049] FIG. 4 shows a block diagram of a network node
400 in accordance with one example embodiment. The
network node 400 is intended to communicate with the
user device 100 in any of the above-described wireless
communication networks. As shown in FIG. 4, the net-
work node 400 comprises a processor 402, a memory
404, and a transceiver 406. The memory 404 stores proc-
essor-executable instructions 408 which, when executed
by the processor 402, cause the processor 402 to imple-
ment the aspects of the present disclosure, as will be
described below in more detail. It should be again noted
that the number, arrangement, and interconnection of
the constructive elements constituting the network node
400, which are shown in FIG. 4, are not intended to be
any limitation of the present disclosure, but merely used
to provide a general idea of how the constructive ele-
ments may be implemented within the network node 400.
In general, the processor 402, the memory 404, the trans-
ceiver 406, and the processor-executable instructions
408 may be implemented in the same or similar manner
as the processor 102, the memory 104, the transceiver
106, and the processor-executable instructions 110, re-
spectively.
[0050] FIG. 5 shows a flowchart of a method 500 for
operating the network node 400 in accordance with one
example embodiment. The method 500 starts with a step
S502, in which the processor 402 defines the above-in-
dicated WBO configuration for the current TA allocated
to the user device 100. It should be noted that said de-
fining the WBO configuration may imply either its prep-
aration at the network node 400 itself or at any other
network entity (e.g., an Access & Mobility Management
Function (AMF) entity or Operations and Maintenance
(O&M) entity) which may then provide the WBO config-
uration to the network node 400. After that, the method
500 proceeds to a step S504, in which the processor 402
causes the transceiver 406 to transmit the WBO config-
uration to the transceiver 106 of the user device 100. If
required, the network node 400 may then page the user
device 100 with a corresponding WUS beacon of the set
of WUS beacons.
[0051] FIG. 6 shows an interaction diagram 600 that
explains the interaction between a user device (e.g., UE)
and different network entities to implement waking-up
signaling in inter-cell mobility scenarios. More specifical-
ly, the network entities are represented by four gNBs and
an AMF entity. It is assumed that each of the gNBs is
implemented as the network node 400, while the user
device is implemented as the user device 100. Among
the gNBs, gNB1 and gNB2 are arranged in a TA1, while
gNB3 and gNB4 are arranged in a TA2.
[0052] The interaction diagram 600 starts with a step
S602, in which the AMF entity prepares mapping tables
and transmits them to each of the gNB1, gNB2, gNB3
and gNB4. Alternatively, these tables may be prepared

and delivered by an O&M entity.
[0053] Then, the interaction diagram 600 proceeds to
steps S604 and S606, in which the user device is as-
sumed to enter RRC_IDLE state (i.e., its transceiver is
still on) and receives SIB1 and SIB2 successively from
the gNB1. SIB1 comprises a TA Identity (TAl). The user
device also acquires a TA Code (TAC) from SIB1 and
uses it to derive the TAI of a cell. If the TAI is not included
in the list of TAIs of the last registered Registration Area,
the user device performs Registration Update to let the
network (the AMF entity, for example) know that the user
device is moving inside a new Registration Area (RA).
As part of the Registration Update, the user device re-
ceives a new list of TAIs covering the new RA. As for SIB
2, it comprises a required WBO configuration as well as
the corresponding mapping tables. As noted above, each
mapping table may be configured to map a WUS beacon
index (i.e., its time offset in the WBO) to a PID of a certain
cell in the TA1 and a certain GSCN. In particular, the
mapping table may comprise the GSCN of each cell in
the TA1, and the user device uses the WUS beacon index
to find a corresponding GSCN. Together with PCI infor-
mation, this allows the user device to receive a serving
cell SSB without searching for it. It should be noted that
when the user device registers with the network, the AMF
entity allocates a set of TAs in the List of TAIs to the user
device based on various information (e.g., the mobility
pattern of the user device).
[0054] Further, the interaction diagram 600 goes on to
a step S608, in which the user device is now ready to
switch OFF its transceiver, i.e., switch from the active
state to the sleep state in which only its WUS receiver is
used.
[0055] In a next step S610, as the user device moves
between the cells inside the TA1, the user device will
switch between different beacons inside WBO. The user
device moves from one beacon to another when it deter-
mines that there is a better beacon in the WBO. In case
the user device is unable to detect a beacon with suffi-
cient quality (e.g., beacon detection fails too frequently),
the user device switches back to the active state, i.e.,
turns on its transceiver to trigger a cell reselection eval-
uation. In the signaling diagram 600, it is assumed that
the user device finds a better cell belonging to the gNB3,
and the user device receives a SIB1 and SIB2 from the
gNB3 in next steps S612 and S614, respectively. Again,
the UE derives an updated TAI from the SIB1, as well as
a new WBO and new mapping tables from the SIB2.
[0056] After that, the signaling diagram proceeds to a
step S616, in which the user device triggers a RA Update
by sending an RRCSetupRequest message to the gNB3,
since the TAI of the gNB3 is not in the current RA. In next
steps S618 and S620, the user device receives an RRC-
Setup response from the gNB3 first and then transmits
an RRCSetupComplete message comprising an embed-
ded NAS Registration Request to the gNB3. The Embed-
ded NAS Registration Request may have a user device
status Information Element (IE) of the Registration Up-
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date set to indicate that the user device is about to enter
the sleep state in a next step S622. On the network side,
this information may be used to reduce the list of TAIs in
the RA such that the gNB3 may limit broadcasting a
wakeup call to a smaller area. Then, the signaling dia-
gram 600 proceeds to a step S624, in which the NAS
Registration Request is forwarded to the AMF entity, in-
cluding the information about the sleep state transition.
In a next step S626, the AMF entity identifies that it is a
Registration Update with a user device status IE inform-
ing about the sleep state, so it may reduce the list of TAIs
in the RA. A NAS Registration Accept message is re-
turned to the gNB3 in a next step S628. After that, the
signaling diagram 600 proceeds to steps S630 and S632,
in which, respectively, the gNB3 transmits an RR-
CReconfiguration message with the NAS Registration
Accept message to the user device and, in response, the
user device confirms this RRCReconfiguration by send-
ing a RRCReconfigurationComplete message to the
gNB3.
[0057] FIG. 7 schematically explains how cells in two
neighbouring TAs are mapped to different WBOs by us-
ing mapping tables. More specifically, the cell IDs of the
cells from a TA1 are mapped to the WUS beacon indices
(or, in other words, time offsets) in a TA1-associated
WBO by using the left mapping table, while the cell IDs
of the cells from a TA2 are mapped to the WUS beacon
indices (or, in other words, time offsets) in a TA2-asso-
ciated WBO by using the right mapping table. A user
device (like the user device 100) may receive TA1- and
TA2-associated WBO configurations in dedicated (e.g.,
RRC) signaling as part of the RA configuration proce-
dure, as explained earlier with reference to FIG. 6. Each
of the TA1- and TA2-associated WBO configurations cor-
responds to a specific TA (TA1 or TA2) of the RA. This
enables the user device to search across the WBOs of
different TAs if it is unable to find any WUS beacon of its
current TA. If the user device is aware of its mobility pat-
tern, e.g., that it will move from the TA1 to the TA2 (both
being part of the RA), because it is on a train/highway,
the user device may initiate the search for WUS beacons
according to the TA2-associated WBO configuration at
a proper time. Alternatively, the user device may attempt
to find a WUS beacon belonging to the TA2-associated
WBO configuration when it is no longer able to detect the
WUS beacons of the TA1-associated WBO configura-
tion.
[0058] In one embodiment, if available WBOs are time
multiplexed, the AMF a SIB (e.g., SIB2) could provide a
cell-optimized WBO in addition to the TA specific WBOs.
The cell-optimized WBO would not necessarily include
all cells from the current TA, but it could contain cells
from multiple TAs. The benefit is that the cell-specific
WBO can contain the most relevant neighboring cells to
consider even if they are in different TAs. The cell-opti-
mized WBO could comprise multiple non-overlapping
time fragments from the TA-specific WBOs in same RA.
For each WUS beacon index in the cell-optimized WBO,

a corresponding TAI is provided. If the user device fails
to detect WUS beacon(s) within the cell-optimized WBO,
the user device falls back to the TA-specific WBO, pro-
vided also by a SIB (or wake up its transceiver).
[0059] In one embodiment, if available WBOs are time
multiplexed, a SIB (e.g., SIB2) transmitted by an AMF
entity to the user device may indicate a cell-optimized
WBO in addition to TA-associated WBOs. The cell-opti-
mized WBO configuration would not necessarily corre-
spond to all cells from the current TA, but it may also
correspond to cells from any other TAs. The benefit is
that the cell-optimized WBO may indicate the most rele-
vant neighbouring cells to consider even if they are in
different TAs. The cell-optimized WBO may comprise
multiple non-overlapping time fragments from the TA-
associated WBOs in the same RA. For each WUS bea-
con index in the cell-optimized WBO, a corresponding
TAI is provided. If the user device fails to detect the WUS
beacon(s) within the cell-optimized WBO, the user device
may fall back to the TA-associated WBO.
[0060] Let us now give one example of the cell-opti-
mized WBO with reference to FIG. 7. Cell 7 is configured
with the WBO for the TA1, which is not fully optimal as
the user device should measure a WUS beacon from cell
5 but not from cell 8, although the user device may move
to cell 8 more likely. In this case, the cell-optimized WBO
for cell 7 may include cells 2, 6, 7, 8, 12 corresponding
to WUS beacon occasion indices 2, 4, 5, 7 from the TA1-
associated WBO configuration and to WUS beacon index
3 from the TA2-associated WBO configuration (see the
mapping tables in FIG. 7). Thus, the cell-optimized WBO
may comprise two time fragments from the TA1- and
TA2-associated WBOs, namely: [2, 6, 7, 8, 12] for the
TA1-associated WBO configuration and [3] for the TA2-
associated WBO configuration.
[0061] It should be noted that each step or operation
of the methods 200 and 500, and the interaction diagram
600, or any combinations of the steps or operations, can
be implemented by various means, such as hardware,
firmware, and/or software. As an example, one or more
of the steps or operations described above can be em-
bodied by processor executable instructions, data struc-
tures, program modules, and other suitable data repre-
sentations. Furthermore, the processor-executable in-
structions which embody the steps or operations de-
scribed above can be stored on a corresponding data
carrier and executed by the processor 102 or 402, re-
spectively. This data carrier can be implemented as any
computer-readable storage medium configured to be
readable by said at least one processor to execute the
processor executable instructions. Such computer-read-
able storage media can include both volatile and nonvol-
atile media, removable and non-removable media. By
way of example, and not limitation, the computer-reada-
ble media comprise media implemented in any method
or technology suitable for storing information. In more
detail, the practical examples of the computer-readable
media include, but are not limited to information-delivery
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media, RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile discs
(DVD), holographic media or other optical disc storage,
magnetic tape, magnetic cassettes, magnetic disk stor-
age, and other magnetic storage devices.
[0062] Although the example embodiments of the
present disclosure are described herein, it should be not-
ed that any various changes and modifications could be
made in the embodiments of the present disclosure, with-
out departing from the scope of legal protection which is
defined by the appended claims. In the appended claims,
the word "comprising" does not exclude other elements
or operations, and the indefinite article "a" or "an" does
not exclude a plurality. Moreover, the phrase "A and/or
B" used in the appended claims should be construed as
encompassing the following alternatives: "A only", or "B
only", or "A and B". The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage.

Claims

1. A user device comprising:

(a) means for receiving a Wake-Up Signal
(WUS) Beacon Occasion (WBO) configuration
for a current Tracking Area (TA), the current TA
comprising a set of intra-frequency cells each
having an ID, and the WBO configuration com-
prising:

a periodicity of a WBO;
a set of WUS beacons within the WBO, each
WUS beacon of the set of WUS beacons
having a cell-specific time offset within the
WBO; and
a mapping table that maps each of the cell-
specific time offsets to the ID of one cell of
the set of intra-frequency cells of the current
TA;

(b) when the user device is in a sleep state in
the current TA, means for monitoring a reception
(RX) level and/or RX quality of each WUS bea-
con of the set of WUS beacons in the current
TA; and
(c) based on the monitored RX levels and/or RX
qualities, means for determining whether the us-
er device is within the current TA and whether
to switch between different WUS beacons of the
set of WUS beacons in the current TA, while
remaining in the sleep state.

2. The user device of claim 1 further comprising:

means for determining that the RX level moni-

tored for each WUS beacon of the set of WUS
beacons in the current TA is less than a thresh-
old, and/or the RX quality monitored for each
WUS beacon of the set of WUS beacons in the
current TA is less than a threshold;
based on said determination, means for detect-
ing that the user device is beyond the current
TA; and
means for performing operations (a)-(c) for a
new TA comprising a set of intra-frequency cells
each having an ID.

3. The user device of claim 2, wherein the WBO for the
new TA is time shifted and/or frequency shifted from
the WBO for the current TA.

4. The user device of claim 1 further comprising:

means for receiving, in operation (a), a cell-op-
timized WBO configuration comprising:

at least one WUS beacon of the set of WUS
beacons in the WBO configuration for the
current TA; and
at least one WUS beacon of a set of WUS
beacons in a WBO configuration for at least
one other TA, the at least one WUS beacon
of the set of WUS beacons in the WBO con-
figuration for each of the at least one other
TA being time shifted from the at least one
WUS beacon of the set of WUS beacons in
the WBO configuration for the current TA;

means for monitoring, before operations (b) and
(c), a RX level and/or RX quality of each WUS
beacon in the cell-optimized WBO configuration
when the user device is in the sleep state; and
based on the monitored RX level and/or RX
quality of each WUS beacon in the cell-opti-
mized WBO configuration, means for deciding
whether to switch between different WUS bea-
cons in the cell-optimized WBO configuration or
to perform operations (b) and (c).

5. The user device of any one of claims 1 to 4, wherein
the mapping table further maps each of the cell-spe-
cific time offsets to an indicator of a cell-specific fre-
quency and/or cell-specific frequency range to be
used by the user device to search for a synchroni-
zation signal.

6. The user device of claim 5, wherein the indicator of
the cell-specific frequency and/or cell-specific fre-
quency range is configured as a Global Synchroni-
zation Channel Number (GSCN).

7. The user device of any one of claims 1 to 6, wherein
the WBO configuration further comprises, for the set
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of WUS beacons, at least one of:

an allocated subcarrier;
a symbol offset, a slot offset and a frame offset;
a symbol duration, a slot duration and a frame
duration; and
a frame periodicity.

8. A network node comprising:

(a) means for defining a Wake-Up Signal (WUS)
Beacon Occasion (WBO) configuration for a cur-
rent Tracking Area (TA) of a user device, the
current TA comprising a set of intra-frequency
cells each having an ID, and the WBO configu-
ration comprising:

a periodicity of a WBO;
a set of WUS beacons within the WBO, each
WUS beacon of the set of WUS beacons
having a cell-specific time offset within the
WBO; and
a mapping table that maps each of the cell-
specific time offsets to the ID of one cell of
the set of intra-frequency cells of the current
TA; and

(b) means for transmitting the WBO configura-
tion to the user device.

9. The network node of claim 8 further comprising:

means for defining, in operation (a), a cell-opti-
mized WBO configuration comprising:

at least one WUS beacon of the set of WUS
beacons in the WBO configuration for the
current TA; and
at least one WUS beacon of a set of WUS
beacon in a WBO configuration for at least
one other TA, the at least one WUS beacon
of the set of WUS beacons in the WBO con-
figuration for each of the at least one other
TA being time shifted from the at least one
WUS beacon of the set of WUS beacons in
the WBO configuration for the current TA;
and

means for transmitting, in operation (b), the cell-
optimized WBO configuration to the user device.

10. The network device of claim 8 or 9, wherein the map-
ping table further maps each of the cell-specific time
offsets to an indicator of a cell-specific frequency
and/or cell-specific frequency range to be used by
the user device to search for a synchronization sig-
nal.

11. The network node of claim 10, wherein the indicator
of the cell-specific frequency and/or cell-specific fre-
quency range is configured as a Global Synchroni-
zation Channel Number (GSCN).

12. The network node of any one of claims 8 to 11,
wherein the WBO configuration further comprises,
for the set of WUS beacons, at least one of:

an allocated subcarrier;
a symbol offset, a slot offset and a frame offset;
a symbol duration, a slot duration and a frame
duration; and
a frame periodicity.

13. A method for operating a user device, comprising:

(a) receiving a Wake-Up Signal (WUS) Beacon
Occasion (WBO) configuration for a current
Tracking Area (TA), the current TA comprising
a set of intra-frequency cells each having an ID,
and the WBO configuration comprising:

a periodicity of a WBO;
a set of WUS beacons within the WBO, each
WUS beacon of the set of WUS beacons
having a cell-specific time offset within the
WBO; and
a mapping table that maps each of the cell-
specific time offsets to the ID of one cell of
the set of intra-frequency cells of the current
TA;

(b) when the user device is in a sleep state in
the current TA, monitoring a reception (RX) level
and/or RX quality of each WUS beacon of the
set of WUS beacons in the current TA; and
(c) based on the monitored RX levels and/or RX
qualities, determining whether the user device
is within the current TA and whether to switch
between different WUS beacons of the set of
WUS beacons in the current TA, while remaining
in the sleep state.

14. A method for operating a network node, comprising:

(a) defining a Wake-Up Signal (WUS) Beacon
Occasion (WBO) configuration for a current
Tracking Area (TA) of a user device, the current
TA comprising a set of intra-frequency cells each
having an ID, and the WBO configuration com-
prising:

a periodicity of a WBO;
a set of WUS beacons within the WBO, each
WUS beacon of the set of WUS beacons
having a cell-specific time offset within the
WBO; and
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a mapping table that maps each of the cell-
specific time offsets to the ID of one cell of
the set of intra-frequency cells of the current
TA; and

(b) transmitting the WBO configuration to the us-
er device.
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