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57 ABSTRACT

According to embodiments described herein there is pro-
vided a wireless terminal device and a network node in a
communications network. The wireless terminal device
being operable in a plurality of modes comprising a first
mode, in which the wireless terminal device is able to
receive paging messages from the wireless communications
network, and a second mode in which the wireless terminal
device is unable to receive paging messages from the
wireless communications network. The method in the wire-
less device comprising receiving a signal from a network
node operable in the wireless communications network,
wherein the signal comprises information related to the
paging occasions; and responsive to a determination to that
signal, operating in at least the second mode.
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METHODS AND APPARATUS RELATING TO
PAGING IN A WIRELESS
COMMUNICATIONS NETWORK

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 18/089,983 filed 28 Dec. 2022, which is a
continuation of U.S. application Ser. No. 17/401,433 filed 13
Aug. 2021, now U.S. Pat. No. 11,570,713, which is a
continuation of U.S. application Ser. No. 16/084,675 filed 13
Sep. 2018, now issued as U.S. Pat. No. 11,129,100, which is
a U.S. National Phase Application of PCT/SE2018/050770
filed 17 Jul. 2018, which claims benefit of Provisional
Application No. 62/543,648 filed 10 Aug. 2017. The entire
contents of each aforementioned application is incorporated
herein by reference.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure relate to
methods and apparatus in a wireless communications net-
work, and particularly to methods and apparatus for paging
of a wireless terminal device in a wireless communications
network.

BACKGROUND

[0003] Recently efforts have been made to specify tech-
nologies for use with Machine-to-Machine (M2M) and/or
Internet of Things (IOT) related use cases. Suggested
enhancements have included supporting Machine-Type
Communications (MTC) with new UE categories (Cat-M1,
Cat-M2), supporting reduced bandwidth of 6 physical
resource blocks (PRBs) (up to 24 PRBs for Cat-M2), and
Narrowband IoT (NB-IOT) UEs providing a new radio
interface (and UE categories, Cat-NB1 and Cat-NB2).
[0004] There are multiple differences between “legacy”
Long-Term Evolution (LTE) and the procedures and chan-
nels defined for enhanced MTC (eMTC) and for NB-IOT.
Some important differences include new physical channels,
such as the physical downlink control channels, called
MPDCCH for eMTC and NPDCCH for NB-IOT, and a new
physical random access channel, NPRACH, for NB-IOT.
[0005] Devices such as eMTC or NB-IOT devices may
function in modes which reduce the power required. For
example, in discontinuous reception mode (DRX), a device
periodically wakes up to check for paging messages during
paging occasions. In power saving mode (PSM), a device
returns to idle mode, in which the device periodically checks
for paging messages, after having transmitted an uplink
message or a tracking area update (TAU).

[0006] FIG. 1 illustrates an example of DRX mode in a
wireless terminal device.

[0007] The wireless terminal device monitors for a paging
message during paging occasions 101 on the physical down-
link control channel (PDCCH), such as MPDCCH for
eMTC or NPDCCH for NB-IOT. Between the paging occa-
sions, the wireless terminal device spends a window of time
103 in a sleep mode. During the DRX cycle, the wireless
terminal device is, therefore, both able to receive paging
messages during paging occasions and unable to receive
paging messages (when it is in sleep mode). The paging
occasions 101 are configured periodically with a period
equal to the DRX cycle 104.
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[0008] The wireless device may wake up slightly earlier
than the paging occasion to obtain timing/frequency syn-
chronization during a synchronization time window 100,
and/or to reconfirm the identity of the serving cell. Once the
wireless terminal device has the required timing and/or
frequency information it goes on to monitor the PDCCH
during the paging occasion 101. It there is no paging
message, as is the case in FIG. 1, the wireless terminal
device then goes back to sleep until it needs to wake-up to
prepare for the next paging occasion.

[0009] The amount of time the wireless device is awake
102, therefore, includes a warm up time, the synchronization
time window 100, the paging occasion 101 and the warm-
down time.

[0010] The paging message sent over the PDCCH may
contain several bits, and therefore the paging occasion 101
may span serval 10s of subframes.

SUMMARY

[0011] According to the present disclosure there is pro-
vided a method in a wireless terminal device for a wireless
communications network, the wireless terminal device being
operable in a plurality of modes comprising a first mode, in
which the wireless terminal device is able to receive paging
messages from the wireless communications network, and a
second mode in which the wireless terminal device is unable
to receive paging messages from the wireless communica-
tions network. The method comprises: receiving, during a
first time window, a signal from a network node operable in
the wireless communications network, wherein the signal
comprises either: an indication that at least one of a plurality
of paging occasions will be used for the transmission of
paging information; or an indication that none of the plu-
rality of paging occasions will be used for the transmission
of paging information; wherein the plurality of paging
occasions are defined for the purposes of receiving paging
information from the wireless communications network
during a second time window; and responsive to a determi-
nation that the signal comprises an indication that none of
the plurality of paging occasions will be used for the
transmission of paging information, operating in the second
mode for the duration of the second time window.

[0012] According to another aspect there is provided a
wireless terminal device in a wireless communications net-
work, the wireless terminal device being operable in a
plurality of modes comprising a first mode, in which the
wireless terminal device is able to receive paging messages
from the wireless communications network, and a second
mode in which the wireless terminal device is unable to
receive paging messages from the wireless communications
network. The wireless terminal device comprises: a receiv-
ing module configured to receive, during a first time win-
dow, a signal from a network node operable in the wireless
communications network, wherein the signal comprises
either: an indication that at least one of a plurality of paging
occasions will be used for the transmission of paging
information; or an indication that none of the plurality of
paging occasions will be used for the transmission of paging
information; wherein the plurality of paging occasions are
defined for the purposes of receiving paging information
from the wireless communications network during a second
time window; and a determination module configured to,
responsive to a determination that the signal comprises an
indication that none of the plurality of paging occasions will
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be used for the transmission of paging information, operate
in the second mode for the duration of the second time
window.

[0013] According to another aspect there is provided a
method in a network node for a communications network
operable to communicate with a wireless terminal device
being operable in a plurality of modes comprising a first
mode, in which the wireless terminal device is able to
receive paging messages from the wireless communications
network, and a second mode in which the wireless terminal
device is unable to receive paging messages from the
wireless communications network. The method comprises:
determining whether any paging information is to be sent to
the wireless terminal device in a second time window,
wherein a plurality of paging occasions are defined for the
purposes of receiving paging information from the wireless
communications network during the second time window;
and based on the determination, sending a signal during a
first time window wherein the signal comprises either: an
indication that at least one of a plurality of paging occasions
will be used for the transmission of paging information; or
an indication that none of the plurality of paging occasions
will be used for the transmission of paging information.
[0014] According to another aspect there is provided a
network node for a communications network operable to
communicate with a wireless terminal device being operable
in a plurality of modes comprising a first mode, in which the
wireless terminal device is able to receive paging messages
from the wireless communications network, and a second
mode in which the wireless terminal device is unable to
receive paging messages from the wireless communications
network. The network node comprises: a determination
module configured to determine whether any paging infor-
mation is to be sent to the wireless terminal device in a
second time window, wherein a plurality of paging occa-
sions are defined for the purposes of receiving paging
information from the wireless communications network
during the second time window; and a transmitting module
configured to, based on the determination, send a signal
during a first time window wherein the signal comprises
either: an indication that at least one of a plurality of paging
occasions will be used for the transmission of paging
information; or an indication that none of the plurality of
paging occasions will be used for the transmission of paging
information.

[0015] According to another aspect there is provided a
method in a wireless terminal device for a wireless com-
munications network, the wireless terminal device being
operable in a plurality of modes comprising a first mode, in
which the wireless terminal device is able to receive paging
messages from the wireless communications network, and a
second mode in which the wireless terminal device is unable
to receive paging messages from the wireless communica-
tions network. The method comprises: determining whether
to operate in the first mode or the second mode for a second
time period based on whether any uplink messages are
transmitted by the wireless terminal device during a first
time period.

[0016] According to another aspect there is provided a
wireless terminal device for a wireless communications
network, the wireless terminal device being operable in a
plurality of modes comprising a first mode, in which the
wireless terminal device is able to receive paging messages
from the wireless communications network, and a second
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mode in which the wireless terminal device is unable to
receive paging messages from the wireless communications
network. The wireless terminal device comprises: a deter-
mination module configured to determine whether to operate
in the first mode or the second mode for a second time period
based on whether any uplink messages are transmitted by
the wireless terminal device during a first time period.

[0017] According to another aspect there is provided a
method for a wireless terminal device in a wireless com-
munications network, the wireless terminal device being
operable in a plurality of modes comprising a first mode, in
which the wireless terminal device is able to receive paging
messages from the wireless communications network, and a
second mode in which the wireless terminal device is unable
to receive paging messages from the wireless communica-
tions network. The method comprises: establishing, during a
first time window, an indication of whether to operate in the
first mode or the second mode in a second time window; and
determining, based on the indication, whether to operate in
the first mode or the second mode for the duration of the
second time window, wherein the second time window spans
a plurality of paging occasions.

[0018] According to another aspect there is provided a
wireless terminal device in a wireless communications net-
work, the wireless terminal device being operable in a
plurality of modes comprising a first mode, in which the
wireless terminal device is able to receive paging messages
from the wireless communications network, and a second
mode in which the wireless terminal device is unable to
receive paging messages from the wireless communications
network. The wireless terminal device comprises: an estab-
lishing module configured to establish, during a first time
window, an indication of whether to operate in the first mode
or the second mode in a second time window; and a
determination module configured to determine, based on the
indication, whether to operate in the first mode or the second
mode for the duration of the second time window, wherein
the second time window spans a plurality of paging occa-
sions.

[0019] According to another aspect there is provided a
wireless terminal device in a wireless communications net-
work, the wireless terminal device being operable in a
plurality of modes comprising a first mode, in which the
wireless terminal device is able to receive paging messages
from the wireless communications network, and a second
mode in which the wireless terminal device is unable to
receive paging messages from the wireless communications
network. The wireless terminal device comprises: process-
ing circuitry and a machine-readable medium storing
instructions which, when executed by the processing cir-
cuitry, cause the terminal device to: receive, during a first
time window, a signal from a network node operable in the
wireless communications network, wherein the signal com-
prises either: an indication that at least one of a plurality of
paging occasions will be used for the transmission of paging
information; or an indication that none of the plurality of
paging occasions will be used for the transmission of paging
information; wherein the plurality of paging occasions are
defined for the purposes of receiving paging information
from the wireless communications network during a second
time window; and responsive to a determination that the
signal comprises an indication that none of the plurality of
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paging occasions will be used for the transmission of paging
information, operate in the second mode for the duration of
the second time window.

[0020] According to another aspect there is provided a
network node for a communications network operable to
communicate with a wireless terminal device being operable
in a plurality of modes comprising a first mode, in which the
wireless terminal device is able to receive paging messages
from the wireless communications network, and a second
mode in which the wireless terminal device is unable to
receive paging messages from the wireless communications
network. The network node comprises: processing circuitry
and a machine-readable medium storing instructions which,
when executed by the processing circuitry, cause the net-
work node to:

[0021] determine whether any paging information is to
be sent to the wireless terminal device in a second time
window, wherein a plurality of paging occasions are
defined for the purposes of receiving paging informa-
tion from the wireless communications network during
the second time window; and based on the determina-
tion, send a signal during a first time window wherein
the signal comprises either: an indication that at least
one of a plurality of paging occasions will be used for
the transmission of paging information; or an indication
that none of the plurality of paging occasions will be
used for the transmission of paging information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] For a better understanding of the present disclo-
sure, and to show how it may be put into effect, reference
will now be made, by way of example, to the accompanying
drawings, in which:

[0023] FIG. 1 illustrates an example of DRX mode in a
wireless device;

[0024] FIG. 2 illustrates a wireless communication net-
work;
[0025] FIG. 3a illustrates example of DRX mode in a

wireless device according to some embodiments;

[0026] FIG. 354 illustrates example of DRX mode in a
wireless device according to some embodiments;

[0027] FIG. 4a illustrates an example of the operation of
a network node communicating with a wireless terminal
device operating in eDRX mode;

[0028] FIG. 4b illustrates an example of the operation of
a network node communicating with a wireless terminal
device operating in eDRX mode;

[0029] FIG. 4c¢ illustrates an example of the operation of
a network node communicating with a wireless terminal
device operating in eDRX mode;

[0030] FIG. 5 illustrates a method in a network node
operable to communicate with a wireless terminal device;
[0031] FIG. 6aq illustrates an example of the operation of
a wireless terminal device operating in eDRX mode;
[0032] FIG. 65 illustrates an example of the operation of
a wireless terminal device operating in eDRX mode;
[0033] FIG. 6c¢ illustrates an example of the operation of
a wireless terminal device operating in eDRX mode;
[0034] FIG. 7 illustrates a method in a wireless terminal
device for a wireless communications network;

[0035] FIGS. 84 to 8¢ illustrate examples of the operation
of a wireless terminal device capable of operating in power
saving mode (PSM).
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[0036] FIG. 9 illustrates an example of RRC Connection
Establishment signaling;

[0037] FIG. 10 illustrates a method in a wireless terminal
device according to some embodiments;

[0038] FIG. 11 illustrates a method in a wireless terminal
device according to some embodiments;

[0039] FIG. 12 illustrates a wireless device 1200 accord-
ing to some embodiments;

[0040] FIG. 13 illustrates a wireless device 1300 accord-
ing to some embodiments.

[0041] FIG. 14 illustrates a network node 1400 according
to some embodiments;

[0042] FIG. 15 illustrates a network node 1500 according
to some embodiments;

[0043] FIG. 16 illustrates a wireless terminal device 1600
according to some embodiments;

[0044] FIG. 17 illustrates a wireless terminal device 1700
according to some embodiments;

[0045] FIG. 18 illustrates a wireless terminal device 1800
according to some embodiments;

[0046] FIG. 19 illustrates a wireless terminal device 1900
according to some embodiments.

DETAILED DESCRIPTION

[0047] The following sets forth specific details, such as
particular embodiments for purposes of explanation and not
limitation. But it will be appreciated by one skilled in the art
that other embodiments may be employed apart from these
specific details. In some instances, detailed descriptions of
well-known methods, nodes, interfaces, circuits, and devices
are omitted so as not obscure the description with unneces-
sary detail. Those skilled in the art will appreciate that the
functions described may be implemented in one or more
nodes using hardware circuitry (e.g., analog and/or discrete
logic gates interconnected to perform a specialized function,
ASICs, PLAs, etc.) and/or using software programs and data
in conjunction with one or more digital microprocessors or
general-purpose computers that are specially adapted to
carry out the processing disclosed herein, based on the
execution of such programs. Nodes that communicate using
the air interface also have suitable radio communications
circuitry. Moreover, the technology can additionally be
considered to be embodied entirely within any form of
computer-readable memory, such as solid-state memory,
magnetic disk, or optical disk containing an appropriate set
of computer instructions that would cause a processor to
carry out the techniques described herein.

[0048] Hardware implementation may include or encom-
pass, without limitation, digital signal processor (DSP)
hardware, a reduced instruction set processor, hardware
(e.g., digital or analog) circuitry including but not limited to
application specific integrated circuit(s) (ASIC) and/or field
programmable gate array(s) (FPGA(s)), and (where appro-
priate) state machines capable of performing such functions.
[0049] In terms of computer implementation, a computer
is generally understood to comprise one or more processors,
one or more processing modules or one or more controllers,
and the terms computer, processor, processing module and
controller may be employed interchangeably. When pro-
vided by a computer, processor, or controller, the functions
may be provided by a single dedicated computer or proces-
sor or controller, by a single shared computer or processor
or controller, or by a plurality of individual computers or
processors or controllers, some of which may be shared or
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distributed. Moreover, the term “processor” or “controller”
also refers to other hardware capable of performing such
functions and/or executing software, such as the example
hardware recited above.

[0050] Although the description is given for a wireless
terminal device, or user equipment (UE), it should be
understood by the skilled in the art that “UE” is a non-
limiting term comprising any mobile or wireless device,
terminal or node equipped with a radio interface allowing
for at least one of: transmitting signals in uplink (UL) and
receiving and/or measuring signals in downlink (DL). AUE
herein may comprise a UE (in its general sense) capable of
operating or at least performing measurements in one or
more frequencies, carrier frequencies, component carriers or
frequency bands. It may be a “UE” operating in single- or
multi-radio access technology (RAT) or multi-standard
mode. As well as “UE”, the terms “mobile station” (“MS”),
“mobile device”, “terminal device” and “wireless terminal
device” may be used interchangeably in the following
description, and it will be appreciated that such a device
does not necessarily have to be ‘mobile’ in the sense that it
is carried by a user. Examples of UE are target device, device
to device (D2D) UE, machine type UE or UE capable of
machine to machine (M2M) communication, PDA, tablet
computer, mobile terminals, smart phone, laptop embedded
equipped (LEE), laptop mounted equipment (LME), USB
dongles, ProSe UE, V2V UE, V2X UE, MTC UE, eMTC
UE, FeMTC UE, UE Cat 0, UE Cat M1, narrowband
Internet of Things (NB-IOT) UE, UE Cat NBI, etc.

[0051] In some embodiments, a more general term “net-
work node” is used and it can correspond to any type of radio
access node or any network node, which communicates with
a UE and/or with another network node. Examples of
network nodes are NodeB, MeNB, SeNB, a network node
belonging to MCG or SCG, base station (BS), multi-stan-
dard radio (MSR) radio node such as MSR BS, eNodeB,
gNodeB, network controller, radio network controller
(RNC), base station controller (BSC), relay, donor node
controlling relay, base transceiver station (BTS), access
point (AP), transmission points, transmission nodes, RRU,
RRH, nodes in distributed antenna system (DAS), core
network node (e.g. MSC, MME, etc.), O&M, OSS, SON,
positioning node (e.g. E-SMLC), MDT, test equipment, etc.
Moreover, where the following description refers to steps
taken in or by a network node or a radio access node, this
also includes the possibility that some or all of the process-
ing and/or decision making steps may be performed in a
device that is physically separate from the radio antenna of
the node, but is logically connected thereto. Thus, where
processing and/or decision making is carried out “in the
cloud”, the relevant processing device is considered to be
part of the node for these purposes.

[0052] The embodiments are described for LTE or LTE
based systems such as machine-type communication
(MTC), evolved MTC (eMTC), NB-IOT etc. As an example,
MTC UE, eMTC UE, and NB-IOT UE also called UE
category 0, UE category M1 and UE category NB1. How-
ever, the embodiments apply to any RAT or multi-RAT
systems, where the UE receives and/or transmit signals (e.g.
data) e.g. LTE FDD/TDD, WCDMA/HSPA, GSM/GERAN,
Wi-Fi, WLAN, CDMA2000, 5G, NR, etc. It is recalled that
5@, the fitth generation of mobile telecommunications and
wireless technology is not yet fully defined but in an
advanced draft stage within 3GPP. It includes work on 5G
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New Radio (NR) Access Technology. LTE terminology is
used in this disclosure in a forward looking sense, to include
equivalent 5G entities or functionalities although a different
term is specified in 5G. A general description of the agree-
ments on 5G New Radio (NR) Access Technology so far is
contained in most recent versions of the 3GPP 38-series
Technical Reports.

[0053] FIG. 2 illustrates a network 200 that may be
utilized to explain the principles of embodiments of the
present disclosure. The network 200 comprises a radio
access node 202 which is connected, via a backhaul network
204, to a core network 206. FIG. 2 also shows a wireless
terminal device (or UE, wireless terminal, etc) 208 that is in
wireless communication with the radio access node 202.
Although illustrated as a cellular or mobile phone, the
wireless terminal device 208 may be any device which is
able to communicate wirelessly with the network 202. In one
particular embodiment, the wireless terminal device 202 is
operable to communicate with the radio access node 208
using a narrowband radio access protocol, such as narrow-
band internet of things (NB-1OT). For example, the wireless
terminal device 208 may be a machine-type communication
(MTC) device.

[0054] Messages transmitted by the wireless terminal
device 208 to the radio access node 202 are said to be
transmitted in the “uplink”, while messages transmitted by
the radio access node 202 to the wireless terminal device 208
are said to be transmitted in the “downlink™.

[0055] When operating in a mode such as DRX mode, the
wireless terminal device may wake up periodically as
described in FIG. 1 to receive paging information and
paging messages from the radio access node 202. In some
cases, no paging information is received, and the wireless
terminal device can go back to sleep as illustrated in FIG. 1.
If paging information is received, the terminal device may
receive in the paging information an indication of the
resources the wireless terminal device needs to monitor on
the Physical Downlink Shared Channel (PDSCH) to receive
a paging message.

[0056] Insome examples, for example, as shown in FIGS.
3a and 3b, a Wake-up signal (WUS) or Go-to-Sleep (GTS)
signal may be transmitted by a network node to indicate to
a wireless terminal device whether or not paging informa-
tion may be sent and received during a particular paging
occasion. The WUS or GTS signal may be sent in a time
window associated with a particular paging occasion.

[0057] For example, the presence of a WUS may indicate
that paging information may be sent and received during a
particular paging occasion. Alternatively, the additional sig-
nal may comprise a go-to-sleep signal (GSS), the presence
of which indicates that no paging information may be sent
and received during a particular paging occasion. In either
case, the opposite scenario may be implicitly indicated by
the absence of a signal in the time window. Thus, in the
WUS implementation, the absence of a WUS may indicate
that no paging information may be sent and received during
aparticular paging occasion; in the GSS implementation, the
absence of a GSS may indicate that paging information may
be sent and received during a particular paging occasion. In
still further embodiments, both WUS and GSS may be
transmitted to the wireless terminal device in different
scenarios (i.e. the wireless terminal device may always
receive a signal, whether it is WUS or GSS to indicate the
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respective presence or absence of paging information to be
sent and received during a particular paging occasion).

[0058] The time window in which the WUS/GTS signal is
transmitted may be configured in order that the absence of
a signal is to be detected and implicitly understood by the
wireless terminal device. Such a configuration may take
place via dedicated (e.g. RRC) or broadcast (e.g. system
information (SI)) signalling from the network node.

[0059] For example, in some embodiments, the time win-
dow is configured immediately prior to a defined instance at
which the wireless terminal device is to take to monitor the
control channel (e.g. a paging occasion). In other embodi-
ments, the time window may overlap partially or totally with
the defined instance for monitoring the control channel. In
that case, transmissions over the control channel may be
stored temporarily until the WUS/GSS signal is decoded. If
the signal indicates that no paging information may be sent
and received during a particular paging occasion, the stored
data can be discarded without being decoded.

[0060] In order to provide the savings in power consump-
tion, the WUS/GSS signal may be easier to decode than
transmissions over the control channel. For example, the
WUS/GSS signal may comprise a sequence of a particular
length or a symbol which is repeated a certain number of
times. When implemented as a repeated symbol, each sym-
bol may comprise a single bit.

[0061] If the WUS or GTS indicates that no paging
information will be sent during the following paging occa-
sion, the wireless terminal device may not stay awake for the
paging occasion as it is aware that no information is due to
be received. Therefore, as shown in FIG. 3a, the wireless
terminal device may wake up for the synchronization time
window 100 to prepare for the following paging occasion.
However, the wireless device may be configured such that if
it receives no WUS or alternatively receives a GTS during
the synchronization time window, the wireless terminal
device may go into sleep mode during the paging occasion
101.

[0062] Alternatively, as shown in FIG. 354, if a WUS is
received or a GTS is not received during the synchronization
time window 100, the wireless terminal device may be
configured to stay awake for the paging occasion 101 as it
is aware that some information will be received. The wire-
less terminal device may then monitor the PDCCH during
the paging occasion 101 and may receive paging informa-
tion indicating to the wireless terminal device the resources
301 of the Physical Downlink Shared Channel (PDSCH) it
should monitor to receive the paging message.

[0063] By using a WUS or GTS comprising a small
amount of resources, for example the WUS or GTS may be
a 1-bit signal, the wireless terminal device can know in
advance whether or not to monitor the PDCCH and thereby
save power by not monitoring the PDCCH when it is not
required.

[0064] Wireless terminal devices may also be operable in
extended discontinuous reception mode (eDRX). In eDRX
mode the wireless terminal enters into DRX mode (e.g. as
described above with respect to FIG. 1) periodically for a
period of time referred to as the paging time window (PTW)
before entering into a sleep mode for a longer period of time.
Within each PTW, the wireless terminal completes multiple
(regular) DRX cycles, and therefore the PTW comprises
multiple paging occasions.
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[0065] In some examples, the maximum DRX cycle may
be 10.24 seconds, in other words, the time between these
starts of consecutive paging occasions may be a maximum
of 10.24 seconds. By contrast, the maximum eDRX cycle
may be 2 hours 54 minutes and 46 seconds, in other words
the time between the starts of consecutive PTWs may be 2
hours 54 minutes and 46 seconds.

[0066] FIGS. 4a to 4c¢ illustrate various embodiments of
the operation of a network node communicating with a
wireless terminal device operating in eDRX mode. In these
figures, the time periods for paging occasions 101 are
represented by bars. If the bars are filled in, for example,
bars 1014 and 1014, the particular paging occasion is being
used to transmit paging information. If the bars are not filled
in, for example, bars 1015 and 101¢, the paging occasion is
not being used to transmit paging information. WUSs 401
are represented by smaller filled in bars occurring prior to
their respective paging occasions.

[0067] FIG. 4a illustrates the operation of a network node
communicating with a wireless terminal device operating in
eDRX mode.

[0068] In this example, a WUS/GTS 401a may be trans-
mitted by the network node to the wireless terminal device
prior to each paging occasion 101 in the PTW depending on
whether there is paging information to be sent in the
following paging occasion 101. In this example the signal
401a is a WUS. This allows the wireless terminal device to
determine whether or not to wake up for the following
paging occasion 101 in the PTW 402a. It will be appreciated
that any signal comprising either: an indication that a paging
occasion will be used for the transmission of paging infor-
mation; or an indication that a paging occasion will not be
used for the transmission of paging information, may be
used as the WUS or GTS respectively.

[0069] Returning to FIG. 44, in this example, a WUS 401a
is sent before the paging occasion 101a and a WUS 4015 is
sent before the paging occasion 1014 as paging information
is to be sent during those paging occasions. No WUS is sent
before the paging occasions 1016 and 101c¢ as no paging
information is to be sent during those paging occasions. The
skilled person will appreciate that alternatively a GTS could
be sent before the paging occasions 1015 and 101¢ and no
GTS sent before the paging occasions 101a and 101d.
Alternatively, a WUS may be sent before the paging occa-
sions 101¢ and 1014 and a GTS sent before the paging
occasions 1015 and 101c.

[0070] Forthe PTW 402/, as there are no paging occasions
during which any paging information is to be sent, no WUS
signals are sent for any of the paging occasions. Alterna-
tively, a GTS may be sent before each paging occasion.

[0071] FIG. 45 illustrates the operation of a network node
communicating with a wireless terminal device operating in
eDRX mode according to a further example. In the embodi-
ment of FIG. 44, the network node transmits a WUS/GTS
prior to the PTW, rather than prior to each paging occasion,
in order to indicate whether or not any of the paging
occasions within the paging time window will be used to
transmit any paging information. If not, the wireless device
may remain asleep for the duration of the PTW without
having to wake up for each synchronization time window
(i.e. to receive an individual WUS/GTS signal for each
paging occasion) to determine whether to remain asleep for
each individual paging occasion.
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[0072] In this example, the network node sends a WUS
403a before the PTW 4025 as paging information is trans-
mitted during the paging occasion 101¢ during the PTW
4025.

[0073] In contrast, the network node does not send a WUS
before the PTW 402¢ as no paging information is transmit-
ted during any of the paging occasions in the PTW 40264.
[0074] In this example, a WUS or GTS can be used to
indicate to the wireless terminal device whether any paging
information will be transmitted during an entire PTW. This
may reduce the power consumption of the wireless terminal
device as it can remain asleep for an entire PTW if it is
indicated that no paging information will be transmitted
during the PTW.

[0075] In the example of FIG. 4c, the network node may
transmit a WUS/GTS 401 for every paging occasion within
the PTW as well as a WUS/GTS 403 associated with the
PTW itself (i.e. indicating that at least one of the paging
occasions contains paging information). In this embodiment,
there is a trade-off between system overhead (i.e. how many
WUS/GTS signals that are transmitted) and the wireless
terminal device power consumption/robustness (i.e. the
number of WUS/GTS the wireless terminal device is
required to monitor). If system overhead is an important
consideration, a WUS/GTS may be transmitted both before
the PTW and before each paging occasion in the PTW as
illustrated in FIG. 4c¢. In this case, wireless terminal devices
that wake up in the same cell may, for example, be required
to monitor only the WUS/GTS prior to the PTW in order to
provide long battery life, whereas mobile wireless terminal
devices waking up in a new cell may be required to monitor
also WUS/GTS for each paging occasion in the PTW for
increased robustness.

[0076] In some embodiments therefore, a mobile wireless
terminal device may therefore omit monitoring for the
remainder of a PTW if it detects a GTS, or does not detect
a WUS, during the PTW.

[0077] In this example therefore, the network node trans-
mits a WUS 4035 before the PTW 4024 as the PTW 4024
contains paging information during at least one of the paging
occasions occurring within the PTW 4024. The network
node then does not transmit a WUS before the paging
occasions 101a and 1015 as no paging information is to be
sent during those paging occasions. The network node
however does send a WUS 401¢ and 401d before the paging
occasions 101¢ and 1014 as paging information is transmit-
ted during those paging occasions.

[0078] The network node does not transmit a WUS before
the PTW 402¢ as no paging information is to be sent in any
of'the paging occasions within the PTW 402e. The receiving
wireless terminal device may therefore remain asleep for the
duration of the PTW 402e¢.

[0079] This example, in contrast to the example of FIG.
4b, allows the wireless terminal device to remain asleep for
longer periods of a PTW which contains only some paging
occasions during which paging information is to be sent.
This is because, for a PTW in which there is at least some
paging information to be sent, the wireless terminal device
need only wake for long enough to determine whether a
WUS/GTS has been sent/not sent for a particular paging
occasion, rather than having to wake up for each paging
occasion as in FIG. 4b. However, this example may result in
a slightly larger overhead than the example of FIG. 4b as a
larger number of WUS/GTS signals may be required.
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[0080] FIG. 5 illustrates a method in a network node for a
communications network operable to communicate with a
wireless terminal device being operable in a plurality of
modes comprising a first mode, in which the wireless
terminal device is able to receive paging messages from the
wireless communications network, and a second mode in
which the wireless terminal device is unable to receive
paging messages from the wireless communications net-
work. The second mode may comprise a sleep mode.
[0081] The method comprises determining whether any
paging information is to be sent to the wireless terminal
device in a second time window, wherein a plurality of
paging occasions are defined for the purposes of receiving
paging information from the wireless communications net-
work during the second time window. The network node
may then, based on the determination, send a signal during
a first time window where the signal comprises either: an
indication that at least one of a plurality of paging occasions
will be used for the transmission of paging information; or
an indication that none of the plurality of paging occasions
will be used for the transmission of paging information. In
some examples, the second time window is the PTW and the
first time window is a synchronization time window prior to
the PTW.

[0082] For example, the first time window may be a time
window in which timing and/or frequency synchronization
information is exchanged between the wireless terminal
device and the wireless communications network. Such a
time window may be associated with the second time
window as a whole (i.e. in which the wireless terminal
device synchronizes with the network node for the whole
second time window), or with an individual paging occasion
of the second time window (such as the initial paging
occasion of the second time window).

[0083] For example, step 500 may comprise determining
if any paging information is to be sent to the wireless
terminal device in the PTW.

[0084] Ifno paging information is to be transmitted during
the PTW the method passes to step 502.

[0085] In step 502 the method comprises not transmitting
a WUS (or transmitting a GTS) to the wireless terminal
device prior to the PTW.

[0086] If paging information is to be transmitted during
the PTW, the method passes to step 501.

[0087] In step 501 the method comprises transmitting a
WUS (or not transmitting a GTS) to the wireless terminal
device prior to the PTW.

[0088] FIGS. 6a to 6c¢ illustrate various embodiments of
the operation of a wireless terminal device operating in
eDRX mode. In these figures, the time periods for paging
occasions 101 are represented by bars. If the bars are filled
in, for example bars 101a¢ and 1014 in FIG. 64, the particular
paging occasion is being used to receive paging information.
If the bars are not filled in, for example bars 101a and 1015
in FIG. 64, the paging occasion is not being used to transmit
paging information but the wireless terminal device is awake
during the paging occasion. If the bars are drawn with dotted
lines, for example bars 1016 and 101¢ in FIG. 6a, the paging
occasion is not being used to transmit paging information
and the wireless terminal device is in sleep mode during the
paging occasion. Synchronization time windows 100 are
represented by smaller bars prior to the paging occasions. If
the synchronization time window bar is filled in, for example
bar 100¢ in FIG. 6a, a WUS is received during the synchro-
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nization time window. If the synchronization time window
bar is not filled in, for example bar 1005 in FIG. 6a, no WUS
is received during the synchronization time window. If there
is no bar representing the synchronization time window, the
wireless terminal device has remained in a sleep mode.
[0089] FIG. 6a illustrates the operation of a wireless
terminal device operating in eDRX mode. In particular, this
example shows the operation of a wireless terminal device
operating in communication with a network node as
described in FIG. 4a.

[0090] Inthis example, a WUS/GTS may be received from
the network node by the wireless terminal device prior to
each paging occasion in the PTW depending on whether
there is paging information to be sent in the following
paging occasion 101. In some examples, the WUS/GTS may
be received during a synchronization time window 100. In
this example, the signal is a wake up signal. This allows the
wireless terminal device to determine whether or not to
wake up for the following paging occasion 101 in the PTW
402q. It will be appreciated that any signal comprising
either: an indication that at least one of a plurality of paging
occasions will be used for the transmission of paging
information; or an indication that none of the plurality of
paging occasions will be used for the transmission of paging
information, may be used as the WUS or GTS respectively.
[0091] Returning to FIG. 64, in this example, a WUS is
received during the synchronization time window 100a
before the paging occasions 101a as paging information is to
be received during that paging occasion. Similarly, a WUS
is received during the synchronization time window 1004
before the paging occasion 1014 as paging information is to
be received during that paging occasion. No WUS is
received during the synchronization time windows 1005 or
100¢ as no paging information is to be received during the
paging occasions 1015 and 101c. The skilled person will
appreciate that alternatively a GTS could be received before
the paging occasions 1016 and 101¢ and no GTS received
before the paging occasions 101a and 101d. Alternatively, a
WUS may be received before the paging occasions 101a and
101d and a GTS received before the paging occasions 1015
and 101c.

[0092] The wireless device does not, therefore, wake up
for the paging occasions 1015 and 101c as it is aware that it
will receive no paging information during these paging
occasions.

[0093] In this example, during the PTW 402/, the wireless
terminal device wakes up for each synchronization time
window during the PTW 402f and, as no WUS is received
during each synchronization time window, the wireless
terminal device returns to sleep mode for each paging
occasion within the PTW 402/

[0094] In FIG. 6b, the wireless device may receive a
WUS/GTS prior to the PTW in order to determine whether
or not any of the paging occasions within the paging time
window contain any paging messages. If not, the wireless
device may remain asleep for the duration of the PTW.
[0095] In some embodiments, a signal may be received in
both instances, positively indicating whether any paging
information is to be received in the following PTW. In other
embodiments the wireless device may infer whether any
paging information will be received from the lack of a
particular signal. For example, if no WUS is received, a
wireless terminal device may infer that it should operate in
sleep mode for the duration of following PTW. For example,
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the network node may therefore be configured not to send a
WUS, rather than explicitly to send a GTS, when there is no
paging information to be sent during the PTW.

[0096] In this example, the wireless terminal device
receives a WUS during the synchronization time window
100e before the PTW 4025 as a paging indication occurs
during the paging occasion 101¢ during the PTW 4025. The
wireless terminal device will therefore wake up for every
paging occasion during the PTW 4025 as it is aware that it
will receive paging information during at least one of the
paging occasions.

[0097] In contrast, wireless device does not receive a
WUS during the synchronization time window 100f before
the PTW 402¢ as no paging information is received during
any of the paging occasions in the PTW 402c¢. The wireless
terminal device therefore remains in sleep mode for the
duration of the PTW 402c.

[0098] In this example, a single WUS or GTS can be used
to indicate to the wireless terminal device whether any
paging indications will occur during an entire PTW. This
may reduce the power consumption of the wireless terminal
device as it can remain asleep for an entire PTW if it is
indicated that no paging indications will occur. This is in
contrast to FIG. 6a in which, even though no paging
information was received during the PTW 402f, the wireless
terminal device still woke up for every synchronization time
window.

[0099] In the example of FIG. 6c the wireless terminal
device may receive a WUS/GTS for every paging occasion
within the PTW as well as a WUS/GTS 403 before any PTW
containing any paging information. With this solution, there
is a trade-off between system overhead (i.e. how many
WUS/GTS signals that have to be transmitted) and the
wireless terminal device power consumption/robustness (i.e.
the number of WUS/GTS the wireless terminal device is
required to monitor). If system overhead is not an important
issue, a WUS/GTS may be received both before the PTW
and before each paging occasion in the PTW as illustrated in
FIG. 6c. In this case, wireless terminal devices that wake-up
in the same cell may, for example, be required only to
monitor the WUS/GTS prior to the PTW in order to provide
long battery life, whereas mobile wireless terminal devices
waking up in a new cell may be required to also monitor
WUS/GTS for each paging occasion in the PTW for
increased robustness.

[0100] In this example, therefore, the wireless device
receives a WUS during the synchronization time window
100g before the PTW 402d as the PTW 402d contains
paging information during at least one of the paging occa-
sions occurring within the PTW 402d. The wireless device
then does not receive a WUS during the synchronization
time window 100a¢ or the synchronization time window
1005 before the paging occasions 101a and 1016 as no
paging information is to be received during those paging
occasions. The wireless device, therefore, returns to sleep
mode for the paging occasions 101a and 1015. The wireless
device does, however, receive a WUS during the synchro-
nization time windows 100c¢ and 100d before the paging
occasions 101¢ and 1014 as paging information is received
during those paging occasions.

[0101] The wireless terminal device does not receive a
WUS during the synchronization time window 100/ before
the PTW 402¢ as no paging information is to be received in
any of the paging occasions within the PTW 402e. The
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receiving wireless terminal device may therefore remain
asleep for the duration of the PTW 402e.

[0102] This example, in contrast to the example of FIG.
65, allows the wireless terminal device to remain asleep for
longer periods of a PTW which contains only some paging
occasions during which paging information is due to be sent.
This is because, for a PTW in which at least one paging
occasion is to be used, the wireless terminal device need
only wake up for long enough to determine whether a
WUS/GTS has been sent/not sent for a particular paging
occasion, rather than having to wake up for each paging
occasion as in FIG. 65. However, this example may result in
a slightly larger overhead than the example of FIG. 6b as a
larger number of WUS/GTS signals may be required.
[0103] FIG. 7 illustrates a method in a wireless terminal
device for a wireless communications network, the wireless
terminal device being operable in a plurality of modes
comprising an first mode, in which the wireless terminal
device is able to receive paging messages from the wireless
communications network, and a second mode in which the
wireless terminal device is unable to receive paging mes-
sages from the wireless communications network. A plural-
ity of paging occasions are defined for the purposes of
receiving paging information from the wireless communi-
cations network during a second time window. In some
embodiments the second time window is a PTW.

[0104] The method comprises receiving, during a first
time window, a signal from a network node operable in the
wireless communications network. The signal comprises
either an indication that at least one of a plurality of paging
occasions will be used for the transmission of paging
information; or an indication that none of the plurality of
paging occasions will be used for the transmission of paging
information. In this example the signal is a GTS or a WUS.
The first time window may be a synchronization time
window in which timing and/or frequency synchronization
information is exchanged between the wireless terminal
device and the wireless communications network.

[0105] In some embodiments, when the signal comprises
an indication that none of the plurality of paging occasions
will be used for the transmission of paging information, for
example a GTS signal, the method comprises, responsive to
a determination that if the signal is received during the first
time window, determining to operate in the sleep mode
during the second time window. Alternatively, when the
signal comprises an indication that at least one of a plurality
of paging occasions will be used for the transmission of
paging information, for example a WUS, the method com-
prises, responsive to a determination that the signal is not
received during the first time window, determining to oper-
ate in the sleep mode for the duration of the second time
window.

[0106] In step 701, the method may therefore comprise
determining if a WUS (GTS) is detected prior to a PTW
during a first time window.

[0107] If a WUS is not detected (or a GTS is detected)
during the first time window the method passes to step 702
in which the wireless terminal device omits monitoring of
the PDCCH during the paging time window. In other words,
the wireless terminal device operates in a sleep mode for the
duration of the second time window.

[0108] In some embodiments, when the signal comprises
an indication that none of the plurality of paging occasions
will be used for the transmission of paging information, for
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example a GTS signal, the method comprises, responsive to
a determination that if the signal is not received during the
first time window, determining to operate in the first mode
during the second time window. Alternatively, when the
signal comprises an indication that at least one of a plurality
of paging occasions will be used for the transmission of
paging information, for example a WUS, the method com-
prises, responsive to a determination that the signal is
received during the first time window, determining to oper-
ate in the first mode during the second time window.

[0109] In the example of FIG. 7 therefore, if the WUS is
detected (or the GTS is not detected) during the first time
window the method passes to step 703 in which the wireless
terminal device monitors the PDCCH during the paging time
window. In other words, the wireless terminal device oper-
ates in the first mode during the second time window.

[0110] In an alternative to the embodiments described
above, the second time window may be any other time
period over which the wireless terminal device may omit
monitoring NPDCCH/MPDCCH and paging information
depending on a preceding WUS or GTS.

[0111] For example, in some embodiments to save
resources needed to broadcast a WUS/GTS, the WUS/GTS
could be broadcasted periodically, for example, every X
seconds. The WUS/GTS may then refers to all the paging
occasions following this WUS/GTS until the next WUS/
GTS is transmitted (or not transmitted). If the wireless
terminal device has a paging occasions within that time
period, the WUS/GTS may then indicates whether the
wireless terminal should wake-up or go-to-sleep. This may
save resources for the network, however in these embodi-
ments the wireless terminal device may wake up unneces-
sarily.

[0112] Such time period could for example be the System
Frame Number (SFN) period, or a number of hyper-SFN
(H-SFN) counts (i.e. a number of SFN periods). The SFN
runs from 0 to 1023 every 10 ms i.e. 10.24 sec period. The
H-SFN relates to a number of “SFN periods”, i.e. 10.24 sec
periods. For example, if the H-SFN also counts from O to
1023, one H-SFN period will last for 2.91 hours. Different
H-SFN ranges may be defined for MTC and NB-IOT.

[0113] It will be appreciated that the signaling illustrated
in FIGS. 4 to 7 may be applicable to other modes of
operation, for example PSM. In the case of PSM, the first
time window, which is the synchronization time window for
eDRX, may be a time window comprising a Tracking Area
Update (TAU) or an uplink data transmission time window.
The second time window in the case of PSM may therefore
be an Active Time following the first time window in which
the wireless terminal device operates in a first mode, for
example RRC_IDLE.

[0114] Power-saving mode (PSM) was introduced as a
feature which can provide very long battery life for wireless
devices with infrequent data exchange and no need for quick
downlink reachability. PSM works by, for most of the time,
keeping the wireless device in a power efficient sub-state to
RRC_IDLE in which all Access Stratum functionality is
switched off (almost power-off but no re-attach needed).
After a connection, the wireless terminal device may switch
to this power saving state after a certain time in RRC_IDLE
mode, controlled by the configurable parameter active time
(T3324). The wireless terminal device will then switch out
of the power saving state either upon an uplink (UL) data



US 2024/0224181 Al

transmission or for a periodic Tracking Area Update (TAU)
controlled by a parameter T3412.

[0115] For power saving mode the above description of
FIGS. 4-7 may be applied but with the first time window
instead being a connected time window, for example a
Tracking Area Update (TAU) or an uplink data transmission,
and the second time window being the Active Time during
which the wireless terminal device is usually in RRC_IDLE
mode following being in RRC_CONNECTED mode.
[0116] FIGS. 8a to 8¢ illustrate the operation of a wireless
terminal device capable of operating in power saving mode
(PSM).

[0117] For PSM, monitoring of paging information occurs
in the Active Time 801 which follows either a Tracking Area
Update (TAU) 800 or an uplink data transmission 802.
[0118] FIG. 8a illustrates an example of the operation of
a wireless terminal device. In this example, the wireless
terminal device receives a WUS/GTS before each paging
occasion during the Active Time 801, similarly to as
described with respect to FIG. 6a. However, to reduce power
consumption it may be better if the wireless device can omit
monitoring paging information in the entire Active Time
801, if there is no paging information to be sent during the
Active Time 801.

[0119] To do this the operation shown in FIG. 85 may be
utilized in which the network transmits a WUS/GTS before
the Active Time 801, for example during the TAU or
RRC_CONNECTED period. This operation would be simi-
lar to the operation as described in FIGS. 456 and 4c¢ for the
network node and FIGS. 65 and 6¢ for the wireless terminal
device.

[0120] Because the Active Time in PSM occurs immedi-
ately after a connected period, in some embodiments it may
not be necessary to introduce a new separate WUS/GTS
signal since the wireless device will always be in a con-
nected mode just before the Active Time. Thus any signal
may be transmitted during the connected state, comprising
an indication that no paging information will be sent to the
wireless device during the active time and that the wireless
device may operate in a sleep state for the duration of the
active time.

[0121] FIG. 8¢ illustrates an example of operation of a
wireless terminal device. The wireless terminal device may
receive, during a first time window a signal from a network
node operable in the wireless communications network. In
this example, the first time window may be either the TAU
period 800 or an uplink transmission period 802.

[0122] The signal comprises either: an indication that at
least one of a plurality of paging occasions will be used for
the transmission of paging information; or an indication that
none of the plurality of paging occasions will be used for the
transmission of paging information.

[0123] For the example where the first time window is a
TAU period 800, the signal may be a response to the UE
requesting an Active Time (timer T3324).

[0124] In particular, where the signal is an indication that
at least one of a plurality of paging occasions will be used
for the transmission of paging information the signal may,
instead of a dedicated WUS, be a signal setting the Active
Time (T3324) to a non-zero value such that the wireless
device will operate in a first mode during the second time
window during which paging occasions are scheduled,
where the first mode is a mode in which the wireless
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terminal device is able to receive paging messages from the
wireless communications network.

[0125] Where the signal is an indication that none of the
plurality of paging occasions will be used for the transmis-
sion of paging information, the signal may be a signal setting
the Active Time (13324) to zero such that the wireless
device will operate in a second mode during a second time
window during which paging occasions are scheduled. That
is, if there is no paging for the wireless terminal device
scheduled for during the normal Active Time, the network
can dynamically set the Active Time T3324 to zero. The
second mode may in some examples be the sub power
efficient sub-state to RRC_IDLE in which all Access Stra-
tum functionality is switched off (almost power-off but no
re-attach needed).

[0126] In some embodiments, the first time window is an
RRC_CONNECTED time window, for example when the
wireless terminal device is sending uplink messages to the
network. In these examples, the signal may be attached to
the existing Access Stratum signaling for an RRC Connec-
tion Establishment. FIG. 9 illustrates an example of RRC
Connection Establishment signaling as will be appreciated
by a person skilled in the art.

[0127] In some embodiments, the network could assign a
new value of the Active Time to the UE in the ‘Initial
Context Setup Request” (MME —eNB) and ‘RRC Connec-
tion Reconfiguration’ (eNB—UE) as indicated by the shaded
messages 901 and 902 in FIG. 9. In some embodiments, the
network could assign a new value of the Active Time T3324
to the UE in the ‘UE Context Release Command’
(MME—eNB) and ‘RRC Connection Release’ (eNB—UE)
as indicated by the shaded messages 903 and 904 in FIG. 9.
In these embodiments therefore, there is no requirement for
a separate WUS/GTS. The signals 902 or 904, or any other
Access Stratum (AS) signal which may be used, would
therefore comprise either: an indication that at least one of
a plurality of paging occasions will be used for the trans-
mission of paging information; or an indication that none of
the plurality of paging occasions will be used for the
transmission of paging information by setting the Active
Time to a non-zero value or zero respectively.

[0128] Inother words, the Active Time could be set to zero
with new Non-Access Stratum (NAS) signaling appended to
the existing messages as exemplified above.

[0129] In the method as described in FIG. 7 the wireless
terminal device may therefore be configured to, in response
to the signal comprising an indication that none of the
plurality of paging occasions will be used for the transmis-
sion of paging information, set an active time of the wireless
terminal device to zero.

[0130] The wireless device may also be configured to, in
response to the signal comprising an indication that at last
one of the plurality of paging occasions will be used for the
transmission of paging information, set an active time of the
wireless terminal device to a non-zero value.

[0131] The active time may be a third time window during
which the wireless terminal device remains in a RRC_IDLE
mode after being in a RRC_CONNECTED mode.

[0132] In the method as described in FIG. 5, the network
node may be configured to indicate in the signal, an active
time of the wireless terminal device, wherein the active time
is a third time window during which the wireless terminal
device is configured to remain in a first mode, for example
RRC_IDLE after being in a connected mode, for example
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RRC_CONNECTED. For example, in response to determin-
ing that no paging information is to be sent to the wireless
terminal device in the second time window, the network
node may be configured to set the active time of the wireless
terminal device to zero. In response to determining that at
least some paging information is to be sent to the wireless
terminal device in the second time window, the network
node may be configured to set the active time of the wireless
terminal device to a non-zero value.

[0133] The embodiments described above have focused
on the use of a signal, such as WUS or GTS signal,
transmitted by a network node to indicate to a wireless
terminal device that the wireless terminal device should
monitor a subsequent paging occasion, or monitor a second
time period comprising a plurality of paging occasions. In
further embodiments, however, the wireless terminal device
may not require any indication from the network node to
determine whether to operate in a first mode or a second
mode during a second time window.

[0134] For example, the network node may send a paging
message to the wireless terminal device if there is a pending
downlink data transmission. However, in the case in which
the Active Time is preceded by an uplink transmission from
the wireless terminal device to the network (i.e. as shown in
the uplink transmission 802 of FIG. 8¢) any data could have
already been transmitted during the RRC_CONNECTED
session and there may not therefore be any paging during the
following Active Time. In these cases therefore, the Active
Time may be set to zero to reduce power consumption of the
wireless terminal device. In other words, the wireless ter-
minal device may determine whether to operate in a first
mode or mode or a second mode for a second time period
based on whether any uplink messages are transmitted by
the wireless terminal device during a first time period.

[0135] In yet another alternative solution, the UE may not
receive an explicit T3324 Active Time value upon uplink
data transmission but the T3324 Active Time value is instead
set implicitly. For example, a rule could apply that wireless
terminal devices may always apply a certain Active Time
value after uplink data transmission. This value may either
be hard coded in the specification (e.g. zero) or could be
semi-statically configured in System Information broadcast
by the network node. The enabling and disabling of this
implicit value could also be indicated in System Informa-
tion, or a indicated in dedicated signaling (e.g. RRC) during
the connection.

[0136] FIG. 10 illustrates a method in a wireless terminal
device according to such embodiments. The wireless termi-
nal may therefore in step 1001 determine if any uplink
transmissions occurred during a first time window.

[0137] If it is determined that uplink transmissions have
not occurred in the first time window the method passes to
step 1002 in which the wireless terminal device operates in
a first mode for the duration of the second time window, in
which the wireless terminal device is able to receive paging
messages from the wireless communications network. For
example the first mode may be RRC_IDLE.

[0138] If it is determined that uplink transmissions have
occurred in the first time window the method passes to step
1003 in which the wireless terminal device operates in a
sleep mode during the second time window. For example the
sleep mode may be the power efficient sub state to RRC_
IDLE.
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[0139] As an alternative solution the active time may be
assigned to the wireless device by multiplexing the active
time into a Non-Access Stratum Protocol Data Unit (PDU),
for example in Msg4. As described above, the Active Time
may be set to zero.

[0140] FIG. 11 illustrates a method in a wireless terminal
device according to some embodiments. The wireless ter-
minal device is operable in a plurality of modes comprising
a first mode, in which the wireless terminal device is able to
receive paging messages from a wireless communications
network, and a second mode in which the wireless terminal
device is unable to receive paging messages from the
wireless communications network. The second mode may
be a sleep mode.

[0141] In step 1101 the method comprises establishing,
during a first time window, an indication of whether to
operate in the first mode or the second mode in a second time
window.

[0142] As described previously, the first time window may
comprise any suitable time window for example, a synchro-
nization time window or a TAU time window or an RRC_
CONNECTED time window. The indication of whether to
operate in the first mode or the second mode in a second time
window may be established either by receiving a signal from
the network, or by inferring the indication from the lack of
such a signal. Alternatively, the indication may be estab-
lished due to uplink transmissions occurring during the first
time window.

[0143] The second time window may be any time window
in which paging occasions are defined.

[0144] In step 1102 the method comprises determining,
based on the indication, whether to operate in the first mode
or the second mode for the duration of the second time
window, wherein the second time window spans a plurality
of paging occasions.

[0145] FIG. 12 illustrates a wireless terminal device 1200
according to some embodiments. The wireless terminal
device 1200 comprises a receiving module 1201 configured
to receive, during a first time window, a signal from a
network node operable in the wireless communications
network. The signal comprises either: an indication that at
least one of a plurality of paging occasions will be used for
the transmission of paging information; or an indication that
none of the plurality of paging occasions will be used for the
transmission of paging information; wherein the plurality of
paging occasions are defined for the purposes of receiving
paging information from the wireless communications net-
work during a second time window. The wireless device
1200 also comprises a determination module 1202 config-
ured to, responsive to a determination that the signal com-
prises an indication that none of the plurality of paging
occasions will be used for the transmission of paging
information, operate in the second mode for the duration of
the second time window.

[0146] FIG. 13 illustrates a wireless terminal device 1300
according to some embodiments. The wireless terminal
device 1300 comprises processing circuitry 1301 and a
machine-readable medium 1302 storing instructions which,
when executed by the processing circuitry 1301, cause the
terminal device 1300 to: receive, during a first time window,
a signal from a network node operable in the wireless
communications network. The signal comprises either: an
indication that at least one of a plurality of paging occasions
will be used for the transmission of paging information; or
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an indication that none of the plurality of paging occasions
will be used for the transmission of paging information. The
plurality of paging occasions are defined for the purposes of
receiving paging information from the wireless communi-
cations network during a second time window. Responsive
to a determination that the signal comprises an indication
that none of the plurality of paging occasions will be used
for the transmission of paging information, the processing
circuitry 1301 causes the wireless terminal device 1300 to
operate in the second mode for the duration of the second
time window.

[0147] FIG. 14 illustrates a network node 1400 according
to some embodiments. The network node 1400 comprises a
determination module 1402 configured to determine
whether any paging information is to be sent to the wireless
terminal device in a second time window, wherein a plurality
of paging occasions are defined for the purposes of receiving
paging information from the wireless communications net-
work during the second time window; and a transmitting
module 1401 configured to, based on the determination,
send a signal during a first time window. The signal com-
prises either: an indication that at least one of a plurality of
paging occasions will be used for the transmission of paging
information; or an indication that none of the plurality of
paging occasions will be used for the transmission of paging
information.

[0148] FIG. 15 illustrates a network node 1500 according
to some embodiments. The network node 1500 comprises
processing circuitry 1501 and a machine-readable medium
1502 storing instructions which, when executed by the
processing circuitry 1501, cause the network node to deter-
mine whether any paging information is to be sent to the
wireless terminal device in a second time window, wherein
a plurality of paging occasions are defined for the purposes
of receiving paging information from the wireless commu-
nications network during the second time window; and
based on the determination, send a signal during a first time
window. The signal comprises either an indication that at
least one of a plurality of paging occasions will be used for
the transmission of paging information; or an indication that
none of the plurality of paging occasions will be used for the
transmission of paging information.

[0149] FIG. 16 illustrates a wireless terminal device 1600
according to some embodiments. The wireless terminal
device 1600 comprises a determination module 1601 con-
figured to determine whether to operate in the first mode or
the second mode for a second time period based on whether
any uplink messages are transmitted by the wireless terminal
device during a first time period.

[0150] FIG. 17 illustrates a wireless terminal device 1700
according to some embodiments. The wireless terminal
device 1700 comprises processing circuitry 1701 and a
machine-readable medium 1702 storing instructions which,
when executed by the processing circuitry, cause the wire-
less terminal device 1700 to determine whether to operate in
the first mode or the second mode for a second time period
based on whether any uplink messages are transmitted by
the wireless terminal device during a first time period.
[0151] FIG. 18 illustrates a wireless terminal device 1800
according to some embodiments.

[0152] The wireless terminal device comprising a estab-
lishing module 1801 configured to establish, during a first
time window, an indication of whether to operate in the first
mode or the second mode in a second time window; and a
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determination module 1802 configured to determine, based
on the indication, whether to operate in the first mode or the
second mode for the duration of the second time window,
wherein the second time window spans a plurality of paging
occasions.

[0153] FIG. 19 illustrates a wireless terminal device 1900
according to some embodiments. The wireless terminal
device 1900 comprises processing circuitry 1901 and a
machine-readable medium 1902 storing instructions which,
when executed by the processing circuitry, cause the wire-
less terminal device 1900 to establish, during a first time
window, an indication of whether to operate in the first mode
or the second mode in a second time window; and deter-
mine, based on the indication, whether to operate in the first
mode or the second mode for the duration of the second time
window, wherein the second time window spans a plurality
of paging occasions.

[0154] The wireless terminal device and network node as
described above may also generally comprise interface
circuitry (e.g. hardware, either fixed or programmatically
configured via software execution) for transmitting and
receiving wireless signals, such as one or more antennas,
and transceiver circuitry coupled to the one or more anten-
nas.

[0155] There are therefore provided methods and appara-
tus relating to paging in a wireless communications network.
In particular the disclosed methods and apparatus allow a
wireless terminal device to save power by remaining asleep
for longer periods of time when no paging information is to
be transmitted to it.

[0156] It should be noted that the above-mentioned
embodiments illustrate rather than limit the concepts dis-
closed herein, and that those skilled in the art will be able to
design many alternative embodiments without departing
from the scope of the appended following statements. The
word “comprising” does not exclude the presence of ele-
ments or steps other than those listed in a statement, “a” or
“an” does not exclude a plurality, and a single processor or
other unit may fulfil the functions of several units recited in
the statements. Any reference signs in the statements shall
not be construed so as to limit their scope.

[0157] The following paragraphs set out embodiments of
the disclosure:
[0158] 1. A method in a wireless terminal device for a

wireless communications network, the wireless terminal
device being operable in a plurality of modes comprising a
first mode, in which the wireless terminal device is able to
receive paging messages from the wireless communications
network, and a second mode in which the wireless terminal
device is unable to receive paging messages from the
wireless communications network, the method comprising:

[0159] receiving, during a first time window, a signal
from a network node operable in the wireless commu-
nications network, wherein the signal comprises one of:

[0160] an indication that at least one of a plurality of
paging occasions will be used for the transmission of
paging information; and

[0161] an indication that none of the plurality of paging
occasions will be used for the transmission of paging
information;

[0162] wherein the plurality of paging occasions are
defined for the purposes of receiving paging informa-
tion from the wireless communications network during
a second time window; and
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[0163] responsive to a determination that the signal
comprises an indication that none of the plurality of
paging occasions will be used for the transmission of
paging information, operating in the second mode for
the duration of the second time window.

[0164] 2. A method according to paragraph 1 wherein the
signal comprises an indication that none of the plurality of
paging occasions will be used for the transmission of paging
information.

[0165] 3. A method according to paragraph 2 wherein the
signal comprises a go to sleep signal.

[0166] 4. A method according to paragraph 2 or 3 further
comprising, responsive to a determination that the signal is
received during the first time window, operating in the
second mode during the second time window.

[0167] 5. A method according to any one of paragraphs 2
to 4 further comprising, responsive to the signal not being
received during the first time window operating in the first
mode during the second time window.

[0168] 6. A method according to paragraph 1 wherein the
signal comprises an indication that at least one of a plurality
of paging occasions will be used for the transmission of
paging information.

[0169] 7. A method according to paragraph 6 wherein the
signal comprises a wakeup signal.

[0170] 8. A method according to paragraph 6 or 7 further
comprising, responsive to the signal being received in the
first time window, operating in the first mode during the
second time window.

[0171] 9. A method according to any one of paragraphs 6
to 8 further comprising, responsive to the signal not being
received, operating in the second mode during the second
time window.

[0172] 10. Amethod according to any one of the preceding
paragraphs further comprising operating in the first mode
during the first time window.

[0173] 11. Amethod according to any one of the preceding
paragraphs wherein the first time window is a time window
in which timing and/or frequency synchronization informa-
tion is exchanged between the wireless terminal device and
the wireless communications network.

[0174] 12. Amethod according to any one of the preceding
paragraphs wherein the first mode is a radio resource control
idle, RRC_IDLE, mode.

[0175] 13. Amethod according to any one of the preceding
paragraphs wherein the wireless terminal device is operable
in extended discontinuous reception, eDRX.

[0176] 14. A method according to paragraph 13 wherein
the second time window comprises a paging time window,
PTW.

[0177] 15. Amethod according to any one of the preceding
paragraphs wherein the signal comprises a 1-bit signal.
[0178] 16. A method according to paragraph 1 further
comprising operating in a connected mode during the first
time window.

[0179] 17. A method according to paragraph 16 wherein
the connected mode is radio resource control connected,
RRC_CONNECTED, mode.

[0180] 18. Amethod according to any one of the preceding
paragraphs wherein the signal is a non-access stratum signal.
[0181] 19. A method according to any one of paragraphs
16 to 18 further comprising, in response to the signal
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comprising an indication that none of the plurality of paging
occasions will be used for the transmission of paging
information,

[0182] setting an active time of the wireless terminal
device to zero, wherein the active time is a third time
window during which the wireless terminal device is
configured to remain in the first mode after being in a
connected mode.

[0183] 20. A method according to any one of paragraphs
16 to 19 further comprising, in response to the signal
comprising an indication that at last one of the plurality of
paging occasions will be used for the transmission of paging
information, setting an active time of the wireless terminal
device to a non-zero value, wherein the active time is a third
time window during which the wireless terminal device
remains in the first mode after being in a connected mode.
[0184] 21.Amethod according to any one of the preceding
paragraphs wherein the first time window is prior to the
second time window.

[0185] 22. A method according to any one of paragraphs
16 to 21 wherein the first time window comprises a Tracking
Area Update, TAU, in which the wireless terminal device
and the network exchange information regarding an area in
which the wireless terminal device is operating.

[0186] 23. A method according to paragraph 22 wherein
the signal comprises an RRC Connection Reconfiguration
message.

[0187] 24. A method according to paragraph 22 wherein
the signal comprises an RRC Connection Release message.
[0188] 25. A method in a network node for a communi-
cations network operable to communicate with a wireless
terminal device being operable in a plurality of modes
comprising a first mode, in which the wireless terminal
device is able to receive paging messages from the wireless
communications network, and a second mode in which the
wireless terminal device is unable to receive paging mes-
sages from the wireless communications network, the
method comprising:

[0189] determining whether any paging information is
to be sent to the wireless terminal device in a second
time window, wherein a plurality of paging occasions
are defined for the purposes of receiving paging infor-
mation from the wireless communications network
during the second time window; and

[0190] based on the determination, sending a signal
during a first time window wherein the signal com-
prises one of:

[0191] an indication that at least one of a plurality of
paging occasions will be used for the transmission of
paging information; and an indication that none of the
plurality of paging occasions will be used for the
transmission of paging information.

[0192] 26 A method according to paragraph 25 wherein
the signal comprises an indication that none of the plurality
of paging occasions will be used for the transmission of
paging information.

[0193] 27. A method according to paragraph 26 wherein
the signal comprises a go to sleep signal.

[0194] 28. A method according to paragraph 26 or 27
wherein, in response to determining that no paging infor-
mation is to be sent to the wireless terminal device in a
second time window the method comprises sending the
signal.
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[0195] 29. A method according to any one of paragraphs
26 to 28 wherein, in response to determining that at least
some paging information is to be sent to the wireless
terminal device in a second time window, the method
comprises not sending the signal.

[0196] 30. A method according to paragraph 25 wherein
the signal comprises an indication that at least one of a
plurality of paging occasions will be used for the transmis-
sion of paging information.

[0197] 31. A method according to paragraph 30 wherein
the signal comprises a wakeup signal

[0198] 32. A method according to any one of paragraphs
30 or 31, wherein, in response to determining that at least
some paging information is to be sent to the wireless
terminal device in the second time window, the method
comprises sending the signal.

[0199] 33. A method according to any one of paragraphs
30 to 32, wherein, in response to determining that no paging
information is to be sent to the wireless terminal device in
the second time window, the method comprises not sending
the signal.

[0200] 34. A method according to any one of paragraphs
25 to 33 wherein the first time window is a time window in
which timing and/or frequency synchronization information
is exchanged between the wireless terminal device and the
wireless communications network.

[0201] 35. A method according to any one of paragraphs
25 to 34 wherein the second time window comprises a
paging time window, PTW.

[0202] 36. A method according to any one of paragraphs
25 to 35 wherein the signal comprises a 1-bit signal.
[0203] 37. A method according to any one of paragraphs
25 to 36 wherein the signal is a non-access stratum signal.
[0204] 38. A method according to any one of paragraphs
25 to 37 wherein the further comprises:

[0205] indicating, in the signal, an active time of the
wireless terminal device, wherein the active time is a
third time window during which the wireless terminal
device is configured to remain in the first mode after
being in a connected mode.

[0206] 39. A method according to paragraph 38 further
comprising:

[0207] in response to determining that no paging infor-
mation is to be sent to the wireless terminal device in
the second time window, setting the active time of the
wireless terminal device to zero.

[0208] 40. A method according to any one of paragraphs
38 or 39 further comprising: in response to determining that
at least some paging information is to be sent to the wireless
terminal device in the second time window, setting the active
time of the wireless terminal device to a non-zero value.
[0209] 41. A method according to any one of paragraphs
25 to 40 wherein the first time window is prior to the second
time window.

[0210] 42. A method in a wireless terminal device for a
wireless communications network, the wireless terminal
device being operable in a plurality of modes comprising a
first mode, in which the wireless terminal device is able to
receive paging messages from the wireless communications
network, and a second mode in which the wireless terminal
device is unable to receive paging messages from the
wireless communications network, the method comprising:
determining whether to operate in the first mode or the
second mode for a second time period based on whether any
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uplink messages are transmitted by the wireless terminal
device during a first time period.

[0211] 43. A method according to paragraph 42 wherein if
uplink transmissions occurred during the first time window,
the step of determining comprises determining to operate in
the second mode during the second time window.

[0212] 44. A method according to paragraph 42 or 43
wherein the wireless terminal device is operating in a
connected mode during the first time period.

[0213] 45. A method for a wireless terminal device in a
wireless communications network, the wireless terminal
device being operable in a plurality of modes comprising a
first mode, in which the wireless terminal device is able to
receive paging messages from the wireless communications
network, and a second mode in which the wireless terminal
device is unable to receive paging messages from the
wireless communications network, the method comprising:

[0214] establishing, during a first time window, an
indication of whether to operate in the first mode or the
second mode in a second time window; and

[0215] determining, based on the indication, whether to
operate in the first mode or the second mode for the
duration of the second time window, wherein the sec-
ond time window spans a plurality of paging occasions.

[0216] 46. A wireless terminal device in a wireless com-
munications network, the wireless terminal device being
operable in a plurality of modes comprising a first mode, in
which the wireless terminal device is able to receive paging
messages from the wireless communications network, and a
second mode in which the wireless terminal device is unable
to receive paging messages from the wireless communica-
tions network, the wireless terminal device comprising:

[0217] areceiving module configured to receive, during
a first time window, a signal from a network node
operable in the wireless communications network,
wherein the signal comprises one of:

[0218] an indication that at least one of a plurality of
paging occasions will be used for the transmission of
paging information; and

[0219] an indication that none of the plurality of paging
occasions will be used for the transmission of paging
information;

[0220] wherein the plurality of paging occasions are
defined for the purposes of receiving paging informa-
tion from the wireless communications network during
a second time window; and

[0221] a determination module configured to, respon-
sive to a determination that the signal comprises an
indication that none of the plurality of paging occasions
will be used for the transmission of paging information,
operate in the second mode for the duration of the
second time window.

[0222] 47. A wireless terminal device according to para-
graph 46 wherein the signal comprises an indication that
none of the plurality of paging occasions will be used for the
transmission of paging information.

[0223] 48. A wireless terminal device according to para-
graph 47 wherein the signal comprises a go to sleep signal.
[0224] 49. A wireless terminal device according to para-
graph 47 or 48 wherein the determination module is further
configured to, responsive to a determination that the signal
is received during the first time window, operate in the
second mode during the second time window.
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[0225] 50. Awireless terminal device according to any one
of paragraphs 47 to 49 wherein the determination module is
further configured to, responsive to the signal not being
received during the first time window operate in the first
mode during the second time window.

[0226] 51. A wireless terminal device according to para-
graph 46 wherein the signal comprises an indication that at
least one of a plurality of paging occasions will be used for
the transmission of paging information.

[0227] 52. A wireless terminal device according to para-
graph 51 wherein the signal comprises a wakeup signal.
[0228] 53. A wireless terminal device according to para-
graph 51 or 52, wherein the determination module is further
configured to, responsive to the signal being received in the
first time window, operate in the first mode during the
second time window.

[0229] 54. Awireless terminal device according to any one
of paragraphs 51 to 53, wherein the determination module is
further configured to, responsive to the signal not being
received, operate in the second mode during the second time
window.

[0230] 55. Awireless terminal device according to any one
of paragraphs 46 to 54 wherein the determination module is
further configured to operate in the first mode during the first
time window.

[0231] 56. Awireless terminal device according to any one
of paragraphs 46 to 55 wherein the first time window is a
time window in which timing and/or frequency synchroni-
zation information is exchanged between the wireless ter-
minal device and the wireless communications network.
[0232] 57. Awireless terminal device according to any one
of paragraphs 46 to 56 wherein the first mode is a radio
resource control idle, RRC_IDLE, mode.

[0233] 58. Awireless terminal device according to any one
of paragraphs 46 to 57 wherein the wireless terminal device
is operable in extended discontinuous reception, eDRX.
[0234] 59. A wireless terminal device according to para-
graph 58 wherein the second time window comprises a
paging time window, PTW.

[0235] 60. Awireless terminal device according to any one
of paragraphs 46 to 59 wherein the signal comprises a 1-bit
signal.

[0236] 61. A method according to paragraph 46 wherein

the determination module is further configured to operate in
a connected mode during the first time window.

[0237] 62. A wireless terminal device according to para-
graph 61 wherein the connected mode is radio resource
control connected, RRC_CONNECTED, mode.

[0238] 63. Awireless terminal device according to any one
of paragraphs 46 to 62 wherein the signal is a non-access
stratum signal.

[0239] 64. Awireless terminal device according to any one
of paragraphs 61 to 63 wherein the determination module is
further configured to, in response to the signal comprising an
indication that none of the plurality of paging occasions will
be used for the transmission of paging information,

[0240] set an active time of the wireless terminal device
to zero, wherein the active time is a third time window
during which the wireless terminal device is configured
to remain in the first mode after being in a connected
mode.

[0241] 65. Awireless terminal device according to any one
of paragraphs 61 to 64 wherein the determination module is
further configured to, in response to the signal comprising an
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indication that at last one of the plurality of paging occasions
will be used for the transmission of paging information,

[0242] set an active time of the wireless terminal device
to a non-zero value, wherein the active time is a third
time window during which the wireless terminal device
remains in the first mode after being in a connected
mode.

[0243] 66. Awireless terminal device according to any one
of the paragraphs 46 to 65 wherein the first time window is
prior to the second time window.

[0244] 67. Awireless terminal device according to any one
of paragraphs 61 to 66 wherein the first time window
comprises a Tracking Area Update, TAU, in which the
wireless terminal device and the network exchange infor-
mation regarding an area in which the wireless terminal
device is operating.

[0245] 68. A wireless terminal device according to para-
graph 67 wherein the signal comprises an RRC Connection
Reconfiguration message.

[0246] 69. A wireless terminal device according to para-
graph 67 wherein the signal comprises an RRC Connection
Release message.

[0247] 70. A network node for a communications network
operable to communicate with a wireless terminal device
being operable in a plurality of modes comprising a first
mode, in which the wireless terminal device is able to
receive paging messages from the wireless communications
network, and a second mode in which the wireless terminal
device is unable to receive paging messages from the
wireless communications network, the network node com-
prising:

[0248] a determination module configured to determine
whether any paging information is to be sent to the
wireless terminal device in a second time window,
wherein a plurality of paging occasions are defined for
the purposes of receiving paging information from the
wireless communications network during the second
time window; and a transmitting module configured to,
based on the determination, send a signal during a first
time window wherein the signal comprises one of:

[0249] an indication that at least one of a plurality of
paging occasions will be used for the transmission of
paging information; and an indication that none of the
plurality of paging occasions will be used for the
transmission of paging information.

[0250] 71. A network node according to paragraph 70
wherein the signal comprises an indication that none of the
plurality of paging occasions will be used for the transmis-
sion of paging information.

[0251] 72. A network node according to paragraph 71
wherein the signal comprises a go to sleep signal.

[0252] 73. A network node according to paragraph 71 or
72 wherein, in response to a determination that no paging
information is to be sent to the wireless terminal device in
a second time window, the transmitting module if configured
to send the signal.

[0253] 74. A network node according to any one of para-
graphs 71 to 73 wherein, in response to a determination that
at least some paging information is to be sent to the wireless
terminal device in a second time window, the transmitting
module is configured to not send the signal.

[0254] 75. A network node according to paragraph 70
wherein the signal comprises an indication that at least one
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of a plurality of paging occasions will be used for the
transmission of paging information.

[0255] 76. A network node according to paragraph 75
wherein the signal comprises a wakeup signal

[0256] 77. A network node according to any one of para-
graphs 75 or 76, wherein, in response to a determination that
at least some paging information is to be sent to the wireless
terminal device in the second time window, the transmitting
module is configured to send the signal.

[0257] 78. A network node according to any one of para-
graphs 75 to 77, wherein, in response to a determination that
no paging information is to be sent to the wireless terminal
device in the second time window, the transmitting module
is configured to not send the signal.

[0258] 79. A network node according to any one of para-
graphs 70 to 78 wherein the first time window is a time
window in which timing and/or frequency synchronization
information is exchanged between the wireless terminal
device and the wireless communications network.

[0259] 80. A network node according to any one of para-
graphs 70 to 79 wherein the second time window comprises
a paging time window, PTW.

[0260] 81. A network node according to any one of para-
graphs 70 to 80 wherein the signal comprises a 1-bit signal.
[0261] 82. A network node according to any one of para-
graphs 70 to 81 wherein the signal is a non-access stratum
signal.

[0262] 83. A network node according to any one of para-
graphs 70 to 82 wherein the transmitting module is further
configured to: indicate, in the signal, an active time of the
wireless terminal device, wherein the active time is a third
time window during which the wireless terminal device is
configured to remain in the first mode after being in a
connected mode.

[0263] 84. A network node according to paragraph 83
further comprising:

[0264] in response to a determination that no paging
information is to be sent to the wireless terminal device
in the second time window, the transmitting module is
configured to set the active time of the wireless termi-
nal device to zero.

[0265] 85. A network node according to any one of para-
graphs 83 or 84 further comprising: in response to a deter-
mination that at least some paging information is to be sent
to the wireless terminal device in the second time window,
the transmitting module is configured to set the active time
of the wireless terminal device to a non-zero value.

[0266] 86. A network node according to any one of para-
graphs 70 to 85 wherein the first time window is prior to the
second time window.

[0267] 87. A wireless terminal device for a wireless com-
munications network, the wireless terminal device being
operable in a plurality of modes comprising a first mode, in
which the wireless terminal device is able to receive paging
messages from the wireless communications network, and a
second mode in which the wireless terminal device is unable
to receive paging messages from the wireless communica-
tions network, the wireless terminal device comprising: a
determination module configured to determine whether to
operate in the first mode or the second mode for a second
time period based on whether any uplink messages are
transmitted by the wireless terminal device during a first
time period.
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[0268] 88. A wireless terminal device according to para-
graph 87 wherein if uplink transmissions occurred during
the first time window, the determination module is config-
ured to determine to operate in the second mode during the
second time window.

[0269] 89. A wireless terminal device according to para-
graph 87 or 89 wherein the wireless terminal device is
configured to operate in a connected mode during the first
time period.

[0270] 90. A wireless terminal device in a wireless com-
munications network, the wireless terminal device being
operable in a plurality of modes comprising a first mode, in
which the wireless terminal device is able to receive paging
messages from the wireless communications network, and a
second mode in which the wireless terminal device is unable
to receive paging messages from the wireless communica-
tions network, the wireless terminal device comprising:

[0271] an establishing module configured to establish,
during a first time window, an indication of whether to
operate in the first mode or the second mode in a second
time window; and

[0272] adetermination module configured to determine,
based on the indication, whether to operate in the first
mode or the second mode for the duration of the second
time window, wherein the second time window spans a
plurality of paging occasions.

[0273] 91. A wireless terminal device in a wireless com-
munications network, the wireless terminal device being
operable in a plurality of modes comprising a first mode, in
which the wireless terminal device is able to receive paging
messages from the wireless communications network, and a
second mode in which the wireless terminal device is unable
to receive paging messages from the wireless communica-
tions network, the wireless terminal device comprising:
processing circuitry and a machine-readable medium storing
instructions which, when executed by the processing cir-
cuitry, cause the terminal device to:

[0274] receive, during a first time window, a signal from
a network node operable in the wireless communica-
tions network, wherein the signal comprises one of:

[0275] an indication that at least one of a plurality of
paging occasions will be used for the transmission of
paging information; and

[0276] an indication that none of the plurality of paging
occasions will be used for the transmission of paging
information;

[0277] wherein the plurality of paging occasions are
defined for the purposes of receiving paging informa-
tion from the wireless communications network during
a second time window; and

[0278] responsive to a determination that the signal
comprises an indication that none of the plurality of
paging occasions will be used for the transmission of
paging information, operate in the second mode for the
duration of the second time window.

[0279] 92. A network node for a communications network
operable to communicate with a wireless terminal device
being operable in a plurality of modes comprising a first
mode, in which the wireless terminal device is able to
receive paging messages from the wireless communications
network, and a second mode in which the wireless terminal
device is unable to receive paging messages from the
wireless communications network, the network node com-
prising:



US 2024/0224181 Al

[0280] processing circuitry and a machine-readable
medium storing instructions which, when executed by
the processing circuitry, cause the network node to:

[0281] determine whether any paging information is to
be sent to the wireless terminal device in a second time
window, wherein a plurality of paging occasions are
defined for the purposes of receiving paging informa-
tion from the wireless communications network during
the second time window; and

[0282] based on the determination, send a signal during
a first time window wherein the signal comprises one
of:

[0283] an indication that at least one of a plurality of
paging occasions will be used for the transmission of
paging information; and an indication that none of the
plurality of paging occasions will be used for the
transmission of paging information.

[0284] 93. A wireless terminal device for a wireless com-
munications network, the wireless terminal device being
operable in a plurality of modes comprising a first mode, in
which the wireless terminal device is able to receive paging
messages from the wireless communications network, and a
second mode in which the wireless terminal device is unable
to receive paging messages from the wireless communica-
tions network, the wireless terminal device comprising:
processing circuitry and a machine-readable medium storing
instructions which, when executed by the processing cir-
cuitry, cause the terminal device to:

[0285] determine whether to operate in the first mode or
the second mode for a second time period based on
whether any uplink messages are transmitted by the
wireless terminal device during a first time period.

[0286] 94. A wireless terminal device in a wireless com-
munications network, the wireless terminal device being
operable in a plurality of modes comprising a first mode, in
which the wireless terminal device is able to receive paging
messages from the wireless communications network, and a
second mode in which the wireless terminal device is unable
to receive paging messages from the wireless communica-
tions network, the wireless terminal device comprising:
processing circuitry and a machine-readable medium storing
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instructions which, when executed by the processing cir-
cuitry, cause the terminal device to:

[0287] establish, during a first time window, an indica-
tion of whether to operate in the first mode or the
second mode in a second time window; and

[0288] determine, based on the indication, whether to
operate in the first mode or the second mode for the
duration of the second time window, wherein the sec-
ond time window spans a plurality of paging occasions.

[0289] 95. A wireless terminal device configured to per-
form a method according to any one of paragraphs 1 to 24
and 42 to 45.

[0290] 96. A network node configured to perform a
method according to any one of paragraphs 25 to 41.

What is claimed is:

1. A method in a wireless terminal device for a wireless
communications network, the wireless terminal device being
operable in a plurality of modes comprising a first mode, in
which the wireless terminal device is able to receive paging
messages from the wireless communications network, and a
second mode in which the wireless terminal device is unable
to receive paging messages from the wireless communica-
tions network, the method comprising:

receiving, during a first time window, a signal from a
network node operable in the wireless communications
network, wherein the signal comprises either:
an indication that at least one of a plurality of paging

occasions will be used for the transmission of paging

information; or

an indication that none of the plurality of paging

occasions will be used for the transmission of paging

information;

wherein the plurality of paging occasions are defined
for the purposes of receiving paging information
from the wireless communications network during
a second time window; and

responsive to a determination that the signal comprises an
indication that none of the plurality of paging occasions
will be used for the transmission of paging information,
operating in the second mode for the duration of the
second time window.
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