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(57) ABSTRACT

A terminal device includes receiver circuitry that receives
parameter data from a base station in a cellular wireless
telecommunication network. The terminal device also
includes a storage device that 5 stores an identifier that
uniquely identifies the terminal device, and control circuitry
that controls the terminal device. The control circuity con-
trols the terminal device, when operating in an idle mode, to
perform cell reselection using at least one cell reselection
parameter derived from the received parameter data and the
stored unique identifier.
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TELECOMMUNICATION DEVICES AND
METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 16/925,365, filed Jul. 10, 2020, which is a
continuation of U.S. application Ser. No. 15/664,748, filed
Jul. 31, 2017 (now U.S. Pat. No. 11,134,423), which is a
continuation of PCT filing PCT/EP2016/069025, filed Aug.
10, 2016, which claims priority to European Patent Appli-
cation No. 15186123 .4, filed Sep. 21, 2015. Each of these
applications are incorporated herein in their entirety by
reference.

TECHNICAL FIELD

[0002] The present disclosure relates to telecommunica-
tion devices and methods for communicating data in a
telecommunication system.

BACKGROUND

[0003] The “background” description provided herein is
for the purpose of generally presenting the context of the
disclosure. Work of the presently named inventors, to the
extent it is described in this background section, as well as
aspects of the description which may not otherwise qualify
as prior art at the time of filing, are neither expressly or
impliedly admitted as prior art against the present invention.
Deploying multiple carriers is one of the most common
solutions to address the ever increasing capacity needed in
cellular networks, especially at traffic hotspots. This is noted
in Work Item for Rel. 13, multicarrier load distribution in
3GPP TSG RAN Meeting #67 (RP-150611). This requires a
balanced load among the multiple LTE carriers for efficient
operation and optimal resources utilization. L.oad balancing
across multiple carriers should consider a variety of deploy-
ment scenarios arising due to different capacities and the
different numbers of the carriers available in a given area,
especially when non-contiguous spectrum with multi-carri-
ers of different bandwidths of different bands is involved,
resulting in different number of carriers with different
capacities in different areas.

[0004] For idle mode, it is observed that there is a strong
correlation between the idle mode terminal device density
and the active terminal device traffic load in a cell within an
LTE or other cellular network cell. Hence, control of the idle
mode terminal device distribution is an essential element for
traffic load balancing. However, it is difficult to conduct
idle-mode load balancing by the current specified mecha-
nisms such as adjusting the reselection measurement thresh-
old, broadcast or dedicated priorities. Furthermore, the defi-
ciency in the current idle mode load balancing mechanisms
has led to the partial reliance on redirection or handover
(HO) after call establishment for load balancing. This has
led to many more active redirections/HOs, increasing sig-
nalling load and HO failure rates. Additionally, even if load
balance is achieved by HO and redirection, the situation will
only last for a short period of time since terminal device will
eventually follow idle mode cell reselection rules. The
situation is worse in Heterogeneous Network scenarios
where the load in the different small cells at same frequency
layers might be different leading to ping-pongs and uneven
idle terminal device distribution.
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[0005] On the other hand, for connected mode, an ideal
load balanced network should try to minimize active traffic
overload probability while maximizing user throughput.
However, current Reference Signal Receive Quality
(RSRQ) based measurements as the HO and reselection
metric may not be a good representation of the achievable
throughput. Other measurements such as Signal to Informa-
tion Noise Ratio (SINR) may be more appropriate for
load-balancing active traffic so as to achieve optimal
throughput for the user, while simultaneously avoiding
unnecessary HO or redirections.

[0006] Therefore, load balancing should preferably be
achieved already at RRC connection setup to minimize the
need for load-triggered HO or redirection during connected
mode. It is an aim of the present disclosure to address this
issue

SUMMARY

[0007] According to the disclosure, there is provided a
terminal device comprising receiver circuitry configured to
receive parameter data from a base station in a cellular
wireless telecommunication network, a storage device con-
figured to store an identifier that uniquely identifies the
terminal device and control circuitry configured to control
the terminal device, when operating in an idle mode, to
perform cell reselection using at least one cell reselection
parameter derived from the received parameter data and the
stored unique identifier.

[0008] Various further aspects and features of the present
disclosure are defined in the appended claims and include a
telecommunications device, a method of communicating
data and circuitry for a telecommunication device.

BRIEF DESCRIPTION OF DRAWINGS

[0009] A more complete appreciation of the disclosure and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings wherein like
reference numerals designate identical or corresponding
parts throughout the several views, and wherein:

[0010] FIG. 1 is a schematic diagram illustrating an
example of a mobile telecommunication system according to
the present advancements;

[0011] FIG. 2 is a schematic diagram illustrating a LTE
radio frame according to exemplary aspects of the present
advancements;

[0012] FIG. 3 is a schematic diagram illustrating an
example of a LTE downlink radio subframe according to the
present advancements;

[0013] FIG. 4 is a schematic of an example wireless
telecommunications system according to exemplary aspects
of the present advancements; and

[0014] FIG. 5 is a flowchart of the process performed by
the terminal device according to exemplary aspects of the
present advancements.

DETAILED DESCRIPTION

[0015] FIG. 1 provides a schematic diagram illustrating
some basic functionality of a mobile telecommunications
network/system 100 operating in accordance with LTE prin-
ciples and which may be adapted to implement embodi-
ments of the disclosure as described further below. The
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network 100 includes a plurality of base stations 101 con-
nected to a core network 102. Each base station provides a
coverage area 103 (i.e. a cell) within which data can be
communicated to and from terminal devices 104. Data is
transmitted from base stations 101 to terminal devices 104
within their respective coverage arcas 103 via a radio
downlink. Data is transmitted from terminal devices 104 to
the base stations 101 via a radio uplink. The uplink and
downlink communications are made using radio resources
that are licenced for use by the operator of the network 100.
The core network 102 routes data to and from the terminal
devices 104 via the respective base stations 101 and pro-
vides functions such as authentication, mobility manage-
ment, charging and so on. Terminal devices may also be
referred to as mobile stations, user equipment (UE), user
terminal, terminal, mobile radio, and so forth. Base stations
may also be referred to as transceiver stations/nodeBs/e-
nodeBs, and so forth.

[0016] Mobile telecommunications systems such as those
arranged in accordance with the 3GPP defined Long Term
Evolution (LTE) architecture use an orthogonal frequency
division modulation (OFDM) based interface for the radio
downlink (so-called OFDMA) and a single carrier frequency
division multiple access scheme (SC-FDMA) on the radio
uplink. FIG. 2 shows a schematic diagram illustrating an
OFDM based LTE downlink radio frame 201. The LTE
downlink radio frame is transmitted from a LTE base station
(known as an enhanced Node B) and lasts 10 ms. The
downlink radio frame comprises ten subframes, each sub-
frame lasting 1 ms. A primary synchronisation signal (PSS)
and a secondary synchronisation signal (SSS) are transmit-
ted in the first and sixth subframes of the LTE frame. A
physical broadcast channel (PBCH) is transmitted in the first
subframe of the LTE frame.

[0017] FIG. 3 is a schematic diagram of a grid which
illustrates the structure of an example conventional down-
link LTE subframe. The subframe comprises a predeter-
mined number of symbols which are transmitted over a 1 ms
period. Each symbol comprises a predetermined number of
orthogonal subcarriers distributed across the bandwidth of
the downlink radio carrier.

[0018] The example subframe shown in FIG. 3 comprises
14 symbols and 1200 subcarriers spread across a 20 MHz
bandwidth licenced for use by the operator of the network
100, and this example is the first subframe in a frame (hence
it contains PBCH). The smallest allocation of physical
resource for transmission in LTE is a resource block com-
prising twelve subcarriers transmitted over one subframe.
For clarity, in FIG. 3, each individual resource element is not
shown, instead each individual box in the subframe grid
corresponds to twelve subcarriers transmitted on one sym-
bol.

[0019] FIG. 3 shows in hatching resource allocations for
four LTE terminals 340, 341, 342, 343. For example, the
resource allocation 342 for a first LTE terminal (UE 1)
extends over five blocks of twelve subcarriers (i.e. 60
subcarriers), the resource allocation 343 for a second LTE
terminal (UE2) extends over six blocks of twelve subcarriers
(i.e. 72 subcarriers), and so on.

[0020] Control channel data can be transmitted in a control
region 300 (indicated by dotted-shading in FIG. 3) of the
subframe comprising the first “n” symbols of the subframe

9

where “n” can vary between one and three symbols for

[Tt}

channel bandwidths of 3 MHz or greater and where “n” can
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vary between two and four symbols for a channel bandwidth
of 1.4 MHz. For the sake of providing a concrete example,
the following description relates to host carriers with a
channel bandwidth of 3 MHz or greater so the maximum
value of “n” will be 3 (as in the example of FIG. 3). The data
transmitted in the control region 300 includes data trans-
mitted on the physical downlink control channel (PDCCH),
the physical control format indicator channel (PCFICH) and
the physical HARQ indicator channel (PHICH). These chan-
nels transmit physical layer control information. Control
channel data can also or alternatively be transmitted in a
second region of the subframe comprising a number of
subcarriers for a time substantially equivalent to the duration
of the subframe, or substantially equivalent to the duration
of the subframe remaining after the “n” symbols. The
control data transmitted in this second region is transmitted
on the enhanced physical downlink control channel
(EPDCCH). This channel transmits physical layer control
information which may be in addition to that transmitted on
other physical layer control channels.

[0021] PDCCH and EPDCCH contain control data indi-
cating which subcarriers of the subframe have been allo-
cated to specific terminals (or all terminals or subset of
terminals). This may be referred to as physical-layer control
signalling/data. Thus, the PDCCH and/or EPDCCH data
transmitted in the control region 300 of the subframe shown
in FIG. 3 would indicate that UE1 has been allocated the
block of resources identified by reference numeral 342, that
UE2 has been allocated the block of resources identified by
reference numeral 343, and so on.

[0022] PCFICH contains control data indicating the size of
the control region (i.e. between one and three symbols for
channel bandwidths of 3 MHz or greater and between two
and four symbols for channel bandwidths of 1.4 MHz).
[0023] PHICH contains HARQ (Hybrid Automatic
Request) data indicating whether or not previously trans-
mitted uplink data has been successfully received by the
network.

[0024] Symbols in a central band 310 of the time-fre-
quency resource grid are used for the transmission of
information including the primary synchronisation signal
(PSS), the secondary synchronisation signal (SSS) and the
physical broadcast channel (PBCH). This central band 310
is typically 72 subcarriers wide (corresponding to a trans-
mission bandwidth of 1.08 MHz). The PSS and SSS are
synchronisation signals that once detected allow a LTE
terminal device to achieve frame synchronisation and deter-
mine the physical layer cell identity of the enhanced Node
B transmitting the downlink signal. The PBCH carries
information about the cell, comprising a master information
block (MIB) that includes parameters that LTE terminals use
to properly access the cell. Data transmitted to terminals on
the physical downlink shared channel (PDSCH), which may
also be referred to as a downlink data channel, can be
transmitted in other resource elements of the subframe. In
general PDSCH conveys a combination of user-plane data
and non-physical layer control-plane data (such as Radio
Resource Control (RRC) and Non Access Stratum (NAS)
signalling). The user-plane data and non-physical layer
control-plane data conveyed on PDSCH may be referred to
as higher layer data (i.e. data associated with a layer higher
than the physical layer).

[0025] FIG. 3 also shows a region of PDSCH containing
system information and extending over a bandwidth of
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R344. A conventional LTE subframe will also include ref-
erence signals which are not shown in FIG. 3 in the interests
of clarity.

[0026] The number of subcarriers in a LTE channel can
vary depending on the configuration of the transmission
network. Typically this variation is from 72 sub carriers
contained within a 1.4MHz channel bandwidth to 1200
subcarriers contained within a 20MHz channel bandwidth
(as schematically shown in FIG. 3). As is known in the art,
data transmitted on the PDCCH, PCFICH and PHICH is
typically distributed on the subcarriers across the entire
bandwidth of the subframe to provide for frequency diver-
sity.

[0027] The communications between the base stations 101
and the terminal devices 104 are conventionally made using
radio resources that have been licensed for exclusive use by
the operator of the network 100. These licensed radio
resources will be only a portion of the overall radio spec-
trum. Other devices within the environment of the network
100 may be wirelessly communicating using other radio
resources. For example, a different operators network may
be operating within the same geographical region using
different radio resources that have been licensed for use by
the different operator. Other devices may be operating using
other radio resources in an unlicensed radio spectrum band,
for example using Wi-Fi or Bluetooth technologies.

[0028] FIG. 4 schematically shows a telecommunications
system 400 according to an embodiment of the disclosure.
The telecommunications system 400 in this example is
based broadly on a LTE-type architecture. As such many
aspects of the operation of the telecommunications system
400 are standard and well understood and not described here
in detail in the interest of brevity. Operational aspects of the
telecommunications system 400 which are not specifically
described herein may be implemented in accordance with
any known techniques, for example according to the estab-
lished LTE-standards and known variations thereof.

[0029] The telecommunications system 400 comprises a
core network part (evolved packet core) 402 coupled to a
radio network part. The radio network part comprises a base
station (evolved-nodeB) 404, a first terminal device 406 and
a second terminal device 408. It will of course be appreci-
ated that in practice the radio network part may comprise a
plurality of base stations serving a larger number of terminal
devices across various communication cells. However, only
a single base station and two terminal devices are shown in
FIG. 4 in the interests of simplicity.

[0030] Although not part of the telecommunications sys-
tem 400 itself, also shown in FIG. 4 are some other devices
which are operable to wirelessly communicate with one
another and which are operating within the radio environ-
ment of the telecommunications system 400. In particular,
there is a pair of wireless access devices 416 communicating
with one another via radio link 418 operating in accordance
with a Wi-Fi standard and a pair of Bluetooth devices 420
communicating with one another via radio link 422 operat-
ing in accordance with a Bluetooth standard. These other
devices represent a potential source of radio interference for
the telecommunications system 400. It will be appreciated
that in practice there will typically be many more such
devices operating in the radio environment of the wireless
telecommunications system 400, and only two pairs of
devices 416, 418 are shown in FIG. 4 for simplicity.
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[0031] As with a conventional mobile radio network, the
terminal devices 406, 408 are arranged to wirelessly com-
municate data to and from the base station (transceiver
station) 404. The base station is in turn communicatively
connected to a serving gateway, S-GW, (not shown) in the
core network part which is arranged to perform routing and
management of mobile communications services to the
terminal devices in the telecommunications system 400 via
the base station 404. In order to maintain mobility manage-
ment and connectivity, the core network part 402 also
includes a mobility management entity (not shown) which
manages the enhanced packet service, EPS, connections
with the terminal devices 406, 408 operating in the com-
munications system based on subscriber information stored
in a home subscriber server, HSS. Other network compo-
nents in the core network (also not shown for simplicity)
include a policy charging and resource function, PCRF, and
a packet data network gateway, PDN-GW, which provides a
connection from the core network part 402 to an external
packet data network, for example the Internet. As noted
above, the operation of the various elements of the commu-
nications system 400 shown in FIG. 4 may be broadly
conventional apart from where modified to provide func-
tionality in accordance with embodiments of the disclosure
as discussed herein.

[0032] The terminal devices 406, 408 each comprise a
transceiver unit 406a, 4084 for transmission and reception
of wireless signals and a controller unit 4065, 40856 config-
ured to control the operation of the respective devices 406,
408 in accordance with embodiments of the disclosure.
Within the transceiver units 406a, 408a transmitter circuitry
and/or receiver circuitry may be provided. The respective
controller units 4065, 4085 may each comprise a processor
unit which is suitably configured/programmed to provide the
desired functionality described herein using conventional
programming/configuration techniques for equipment in
wireless telecommunications systems. For each of the ter-
minal devices 406, 408, their respective transceiver units
4064, 408a and controller units 4065, 4085 are schemati-
cally shown in FIG. 4 as separate elements for ease of
representation. However, it will be appreciated that for each
terminal device the functionality of these units can be
provided in various different ways, for example using a
single suitably programmed general purpose computer, or
suitably configured application-specific integrated circuit(s)/
circuitry, or using a plurality of discrete circuitry/processing
elements for providing different elements of the desired
functionality. It will be appreciated the terminal devices 406,
408 will in general comprise various other elements asso-
ciated with their operating functionality in accordance with
established wireless telecommunications techniques (e.g. a
power source, possibly a user interface, and so forth).

[0033] Moreover, within each terminal device 406, 408 is
provided a storage device. The storage device stores a
unique identifier. The unique identifier is unique to each
terminal device and is provided to uniquely identify and thus
distinguish each terminal device from one another. The
unique identifier is, in embodiments of the disclosure, a UE
Identifier (hereinafter “UE-ID”). Of course, any kind of
unique identifier is envisaged. For example, the unique
identifier may be used to simply define into which group of
terminal devices any one terminal device may be provided.
In other words, the unique identifier is not necessarily a
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globally unique identifier, but may be any kind of identifier
that allows grouping of the terminal devices.

[0034] As has become commonplace in the field of wire-
less telecommunications, terminal devices may support Wi-
Fi and Bluetooth functionality in addition to cellular/mobile
telecommunications functionality. Thus the transceiver units
406a, 408a of the respective terminal devices may comprise
functional modules operable according to different wireless
communications operating standards. For example, the ter-
minal devices’ transceiver units may each comprise an LTE
transceiver module for supporting wireless communications
in accordance with an LTE-based operating standard, a
WLAN transceiver module for supporting wireless commu-
nications in accordance with a WLAN operating standard
(e.g. a Wi-Fi standard), and a Bluetooth transceiver module
for supporting wireless communications in accordance with
a Bluetooth operating standard. The underlying functionality
of the different transceiver modules may be provided in
accordance with conventional techniques. For example, a
terminal device may have separate hardware elements to
provide the functionality of each transceiver module, or
alternatively, a terminal device might comprise at least some
hardware elements which are configurable to provide some
or all functionality of multiple transceiver modules. Thus the
transceiver units 406a, 408a of the terminal devices 406,
408 represented in FIG. 4 are assumed here to provide the
functionality of an LTE transceiver module, a Wi-Fi trans-
ceiver module and a Bluetooth transceiver module in accor-
dance with conventional wireless communications tech-
niques.

[0035] The base station 404 comprises a transceiver unit
404q for transmission and reception of wireless signals and
a controller unit 4045 configured to control the base station
404. The controller unit 4045 may comprise a processor unit
which is suitably configured/programmed to provide the
desired functionality described herein using conventional
programming/configuration techniques for equipment in
wireless telecommunications systems. The transceiver unit
404a and the controller unit 4045 are schematically shown
in FIG. 4 as separate elements for ease of representation.
However, it will be appreciated that the functionality of
these units can be provided in various different ways, for
example using a single suitably programmed general pur-
pose computer, or suitably configured application-specific
integrated circuit(s)/circuitry or using a plurality of discrete
circuitry/processing elements for providing different ele-
ments of the desired functionality. It will be appreciated the
base station 404 will in general comprise various other
elements associated with its operating functionality.

[0036] For example, the base station 404 will in general
comprise a scheduling entity responsible for scheduling
communications. The functionality of the scheduling entity
may, for example, be subsumed by the controller unit 404b.

[0037] Thus, the base station 404 is configured to com-
municate data with the first and second terminal devices 406,
408 over respective first and second radio communication
links 410, 412.

[0038] As will be appreciated by the skilled person, the
terminal devices 406, 408 operate in two modes. The first
mode is the Radio Resource Control (RRC) idle mode
(hereinafter “idle mode”) and the RRC connected mode
(hereinafter “connected mode”). The idle mode is where
radio is not active, but an identity is provided to the terminal
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device and tracked by the network. The connected mode is
where there is active radio operation with the base station
and the network.

[0039] In the idle mode, cell-reselection and associated
measurements take place. Additionally, other steps such as 1)
network selection is performed and ii) System Information
Broadcast Blocks (SIB blocks) are monitored. The present
disclosure relates to cell-reselection in the idle mode.
[0040] Cell-Reselection

[0041] A terminal device performs cell-reselection when
the serving cell’s radio carrier strength is poor or a suitable
high strength neighbour cell is available. In order to allow
the terminal device to know onto which frequencies or cells
to measure, and to provide the parameters used for evalu-
ating which frequency or cell to (re)select, the base station
provides each terminal device with a list of frequencies and
cells and their associated cell reselection priorities, thresh-
olds and offsets to be used in cell reselection evaluation. This
list of cells may be specified in any of S1B4, 5, 6, 7 and RRC
Connection Release as would be appreciated by the skilled
person.

[0042] In other words, after an initial selection of a cell,
and according to a defined set of criteria the terminal device
measures the RSRP of the selected cell and the neighbouring
cells and if the cell reselection criteria is met, cell-reselec-
tion will be performed. The cell reselection priorities and the
associated thresholds and offsets are chosen by the network.
This known mechanism of cell reselection has a drawback.
[0043] The current mechanism does not allow load bal-
ancing across multiple carriers when terminal devices oper-
ate in idle mode.

[0044] Presently, two different mechanisms have been
discussed to address this load balancing issue. The first
mechanism is a continuous randomisation mechanism and
the second mechanism is a “one-shot” mechanism.

[0045] Continuous Randomisation Mechanism

[0046] In this mechanism the known cell reselection
mechanism and rules will be followed as much as possible.
However, in addition, a randomisation element will be
applied at each terminal device. In general, a terminal device
will generate one random number which will then be com-
pared against one or more pre-configured parameters in
order to decide whether reselection to one candidate cell will
occur or not. The redistribution of terminal devices (or the
load balancing) is realised by having statistically distributed
random values. The pre-configured parameters will there-
fore need to be periodically broadcast or provided in the
system information.

[0047] This mechanism has a number of drawbacks.
Firstly, as the randomisation scheme within each terminal
device determines the load balancing, the network has little
control over the load balancing. This is particularly unde-
sirable as the behaviour of terminal devices in situations like
this can be unpredictable. A second drawback is that some
companies have had legal issues in the past with schemes
involving drawing a random number and so are apprehen-
sive about adopting such a scheme. This will reduce the
effectiveness of such a load balancing scheme if there is little
adoption.

[0048] “One-Shot” Mechanism

[0049] In this mechanism the network will redistribute the
terminal devices if the network discovers an imminent
congestions situation. A terminal device (or a group of
terminal devices) can be paged for the purpose of load
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balancing. The paging message may contain a trigger to
activate previously (i.e. in RRC Connection Release)
acquired Dedicated Priorities. When the trigger is received,
the terminal device(s) start appropriate timer and apply the
dedicated priorities. The paging message may also contain a
de-prioritisation request to instruct the terminal device(s)
that currently prioritized carrier/cell should be temporarily
assigned the lowest priority. This will be for a period of time
set by a timer.

[0050] Alternatively, the paging message may contain a
prioritisation request to temporarily assign the highest pri-
ority to a certain carrier/cell. Eventually, the paging message
can comprise a whole new set of priorities. These priorities
are similar to Dedicated Priorities and are aimed for a subset
of terminal devices, if the network discovers that previously
sent priorities will not suffice to mitigate current load
situation. New parameters in the paging message are needed
in order to run abovementioned actions (e.g. new priority or
intended reselection target frequency/cell).

[0051] This mechanism has drawbacks too. Firstly, as is
apparent from the above, this mechanism is complex and
requires a high paging load. As each individual terminal
device needs to be individually paged and dedicated priori-
ties provided, this creates an excessive load. In addition,
most operators do not implement and do not wish to imple-
ment dedicated priorities, for instance cell reselection pri-
orities provided in RRC connection release or otherwise by
dedicated signalling.

[0052] It is an aim of the disclosure to address the load
balancing issue in idle mode without the drawbacks of the
two above noted mechanisms.

[0053] In a terminal device according to embodiments of
the disclosure has a unique identifier. The unique identifier
is described with reference to FIG. 4. The unique identifier
is stored within the terminal device and uniquely identifies
the terminal device from other terminal devices.

[0054] It is envisaged that any previously provided UE-
identifier (UE-ID) may be used as the unique identifier,
although the disclosure is not so limited. For example, the
International Mobile Equipment Identity (IMEI) or the Inter-
national Mobile Subscriber Identity (IMSI) or a radio net-
work temporary identifier (RNTI) may be used as the unique
identifier.

[0055] The network broadcasts (or otherwise provides to
the terminal device) parameters which will be used with the
UE-ID to provide load balancing. The parameters may be
broadcast to the terminal devices within a cell or may be
provided over dedicated signalling such as the RRC Con-
nection Release, or may be provided in advance to the
terminal device. The parameters will be explained later.
[0056] The parameters provided to the terminal devices
include at least one of the following two parameters.
[0057] The first is multiple cell reselection offsets. The cell
reselection offset that will be used by the terminal device
will be selected based on the UE-ID. The second parameter
is the multiple absolute priorities for the frequency or cell.
The priority used by the terminal device, again, will be
selected based on the UE-ID.

[0058] In addition to the above two parameters, the net-
work will provide a parameter controlling the percentage of
terminal devices applying a specific offset or priority or a
parameter controlling the amount of offset or relative prior-
ity applied (depending upon which of the above parameters
are provided). In this case, it should be noted that the
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network may provide either the parameter controlling the
percentage or the parameter controlling the amount of offset,
or alternatively the network may provide both of these
parameters.

[0059] To illustrate the above, let us consider the example
of a network providing multiple priority levels for a par-
ticular cell (priority A=1, priority B=2) and 40% of the
terminal devices should use priority A and 60% should use
priority B.

[0060] In order to determine whether the terminal device
should use priority A or priority B, the terminal device
checks its UE-ID and if, for example, the last digit in the
UE-ID is a 0,1,2,3 then then terminal device knows it must
use priority A and if the last digit in the UE-ID is 4,5,6,7,8,9,
then the terminal device knows it must use priority B. As the
likelihood of any terminal device having a particular last
digit in its UE-ID is statistically equal, then the load will be
balanced. This allows the network, with certainty, to know
that the load will be balanced without the complex paging of
the one shot mechanism. Of course, although the final digit
is noted above, any particular feature of the UE-ID may be
used to determine the selection of the parameter. A detailed
example is provided later.

[0061] A more detailed description of the parameters is
now provided.

[0062] Multiple Cell Reselection Offsets

[0063] Currently the network can broadcast a cell-specific

and/or frequency specific offset which the terminal device
applies to the cell reselection evaluation according to the
rules set out in 3GPP TS 36.304.

[0064] The network also broadcasts a hysteresis value to
be applied.

[0065] Qoflset,,

[0066] This specifies the offset between the two cells.
[0067] Qoflsets,, ey

[0068] Frequency specific offset for equal priority
E-UTRAN frequencies.

[0069] Q..

[0070] This specifies the hysteresis value for ranking
criteria.

[0071] For intra-frequency and equal priority frequencies,

the terminal device performs ranking according to the fol-
lowing criteria using the parameters mentioned above, along
with the RSRP measurements of the current and neighbour-
ing cells.

[0072] The cell-ranking criterion R, for serving cell and
Rn for neighbouring cells is defined by:

Rs = Qmeas;+ QHyst_ QO ﬂsett@mp

R, = Oeas n— Qoffset—Qoffset,

temp

where:
Qneas RSRP measurement quantity used in cell reselections.
Qoffset For intra-frequency: Equals to Qoffset; ,, if Qoffset; ,,
is valid, otherwise this equals to zero.
For inter-frequency: Equals to Qoffset, , plus
Qoffsetseguene,» if Qoffset, , is valid,
otherwise this equals to Qoffsets. ency-
Qoffset,,,,,, Offset temporarily applied to a cell
[0073] In one embodiment of this disclosure, the network

broadcasts two or more values for either offset or hysteresis,
and the terminal device applies one of those values depend-
ing on a function of UE-ID.



US 2023/0354126 Al

[0074] Multiple Absolute Priorities

[0075] Currently the network signals an absolute priority
to be applied to a specific frequency when performing cell
reselection evaluation. In addition, it may be possible for the
network to provide cell-specific absolute priority in order to
distribute terminal devices amongst cells on the same fre-
quency. For example, small cells may be used for capacity
increase. In addition, cell reselection thresholds are, in
embodiments, provided for each of the frequencies and/or
cells.

[0076] cellReselectionPriority

[0077] This specifies the absolute priority for E-UTRAN
frequency or UTRAN frequency or group of GERAN fre-
quencies or band class of CDMA2000 HRPD or band class
of CDMA2000 1xRTT.

[0078] Threshy, .50

[0079] This specifies the Srxlev threshold (in dB) used by
the terminal device when reselecting towards a higher
priority RAT/frequency than the current serving frequency.
Each frequency of E-UTRAN and UTRAN, each group of
GERAN frequencies, each band class of CDMA2000 HRPD
and CDMA2000 1xRTT might have a specific threshold.
[0080] Threshy, 7,50

[0081] This specifies the Squal threshold (in dB) used by
the terminal device when reselecting towards a higher
priority RAT/frequency than the current serving frequency.
Each frequency of E-UTRAN and UTRAN FDD might have
a specific threshold.

[0082] Threshy ,,,.»

[0083] This specifies the Srxlev threshold (in dB) used by
the terminal device when reselecting towards a lower pri-
ority RAT/frequency than the current serving frequency.
Each frequency of E-UTRAN and UTRAN, each group of
GERAN frequencies, each band class of CDMA2000 HRPD
and CDMA2000 1xRTT might have a specific threshold.

[0084] Threshy ;..o
[0085] This specifies the Squal threshold (in dB) used by

the terminal device when reselecting towards a lower pri-
ority RAT/frequency than the current serving frequency.
Each frequency of E-UTRAN and UTRAN FDD might have
a specific threshold.

[0086] Threshs,, .. rowr
[0087] This specifies the Srxlev threshold (in dB) used by
the terminal device on the serving cell when reselecting
towards a lower priority RAT/frequency.

[0088] Thresh,,, ;... rowo
[0089] This specifies the Squal threshold (in dB) used by
the terminal device on the serving cell when reselecting
towards a lower priority RAT/frequency.

[0090] As noted above, the reselection rules are defined in
3GPP TS 36.304 section 5.2.4.5 for different priority layers
(where layer means frequency or RAT). However, in the
context of the present disclosure, the most important two
rules are

[0091] 1) Higher Priority

[0092] A cell of a higher priority UTRAN TDD, GERAN
or CDMA2000 RAT/frequency fulfils Srxlev>Threshy, z,.,,»
during a time interval Treselectiong , ;.

[0093] 2) Lower Priority

[0094] Cell reselection to a cell on a lower priority
E-UTRAN frequency or inter-RAT frequency than the serv-
ing frequency shall be performed if:
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[0095] The serving cell fulfils Srxle <Threshg,, ;.. 70we
and a cell of a lower priority RAT/frequency fulfils
Srxlev>Threshy, ,,, during a time interval Treselec-
tiong 7+

[0096] In one embodiment of this disclosure, the network
broadcasts two or more values for this cellReselectionPri-
ority. Optionally to the embodiment, multiple thresholds
may also be broadcast, and the terminal device applies one
of those values depending on the UE-ID.
[0097] Parameter controlling the percentage of UEs apply-
ing a specific offset or priority
[0098] In order to explain this parameter, we need to use
some examples of what the function of UE-ID could be.
[0099] In one embodiment of the disclosure, the UE-ID
may be the identifier used by the terminal device to calculate
paging occasions and paging frames. This is in accordance
with 3GPP TS 36.304 (the relevant section being provided
in Annex A).
[0100] The intention of the calculation for paging occa-
sions shown in Annex A, is to distribute terminal devices
evenly amongst the available resources. In other words, for
any specific terminal device the function is not random,
when you consider all of the terminal devices in the cell, this
is randomised and evenly distributed.
[0101] One possibility for this disclosure is to always
distribute terminal devices evenly amongst the allowed/
signalled offsets or priorities. However, this does not meet
the requirement that the network should be able to control
what percentage (or fraction) of terminal devices are dis-
tributed to what frequency. Therefore, it would be beneficial
to control the percentage of terminal devices. It might also
be beneficial to explicitly specify which UE-IDs shall apply
which priority.

[0102] A more detailed example as briefly explained

above is now provided.

[0103] In the following example the network broadcasts

the percentage (e.g. an integer value ranging from 0 (0%) to

10 (100%). Let’s call the value N.

[0104] For example the network broadcasts the value N=4
(40%).
[0105] The terminal device calculates UE-ID mod

10—which will result in a value from 0-9.

[0106] If the value is <4 then the terminal device selects
the first priority. If the value is >=4 then the terminal device
selects the second priority. This function can be written as

[0107] If UE-ID mod 10<N

[0108] Select First Priority

[0109] Else

[0110] Select Second Priority

[0111] This allows the network to control the percentage

of terminal devices selecting the first signalled priority
(which might be relatively low) and the percentage of
terminal devices selecting the second signalled priority
(which might be relatively high) and hence achieving the
objective of distributing a fraction of the terminal devices
amongst frequencies or cells. Either the first or second
priority could be a legacy signalled value. As would be
appreciated, the legacy signalled value is a value currently
sent in System Information to all terminal devices. This
value, in embodiments, may also be sent with an additional
priority as an alternative value depending on the UE-ID. The
absence of the value N could indicate equal distribution
(50/50 split amongst the two signalled priorities—so N=5).
In other words, the terminal device will assume a distribu-
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tion unless told by the network. In this case, the network will
inform the terminal device of the change. That is, the value
N provided by the network might be added or subtracted to
the legacy signalled value (for example if N=2 and legacy
value=3 then additional priority value=5). This default
assumption has the advantage that should the default be the
usual choice of the network, then signalling will be reduced
as the network will only signal the terminal device(s) should
the default assumption not be correct.

[0112] One additional option is to use a fixed offset or
priority value (or a default if not signalled)—for example if
the second priority is not signalled, then the terminal device
applies the highest (or lowest) possible priority if the UE-ID
function is satisfied

[0113] The same idea can be applied for a list of more than
two priorities. The network would just then signal the
percentage of terminal devices to apply each of the priori-
ties.

[0114] An additional control parameter could apply an
offset to UE-ID. This would allow the network to vary which
of'the UE-IDs apply which priority. For example offset value
would be a number in the range 0-9 called “X”.

[0115] If (UE-ID+X) mod 10<N

[0116] Select First Priority

[0117] Else

[0118] Select Second Priority

[0119] The network might periodically update the param-

eter X, to allow different sets of terminal devices to com-
municate with the base station on different frequencies.
[0120] Another alternative is to provide a list specifying
precisely which UE-ID applies which priority. For example,
along with the first signalled priority the network provides a
list of numbers in the range 0-9. For example priorityl is
signalled along with values 1, 4, 5, 7. Then all terminal
devices with UE-ID mod 10=1, 4, 5, or 7 shall apply this
priority, and other UE-ID shall apply another priority (which
might be the default legacy value).

[0121] Parameter controlling the amount of offset, or
relative priority

[0122] This parameter would be used as an alternative to
signalling explicit priorities or offsets and using the UE-ID
to specify the percentage or fraction.

[0123] Instead of selecting one of the signalled values, the
terminal device calculates a priority or offset based on the
UE-ID.

[0124] For example, currently the cell reselection priority
can be given a value 0-7. Therefore to evenly spread the
priorities a function could be used as follows.

[0125] UE-ID mod 8=cell reselection priority.

[0126] Similarly, the applied offset could be calculated
based on UE-ID

[0127] UE-ID mod 4*signalledOffset=Offset

[0128] FIG. 5 shows a flowchart 500 showing the steps
carried out by the terminal device. The process starts at step
505. The terminal device receives the parameter data from
the base station in step 510. Although FIG. 5 refers to
receiving the parameter data during idle mode (for example
in system information broadcast and/or paging), as noted
above, the disclosure is not so limited and the parameter data
may be provided during the RRC connection release or at
any appropriate time. The terminal device then uses its
unique identifier (for example the UE-ID) and the parameter
data to determine the cell-reselection in step 515. The
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terminal device then performs cell-reselection in step 520.
The process ends at step 525.

[0129] Discontinuous Reception for Paging

[0130] The following is a brief description of discontinu-
ous reception for paging according to exemplary aspects the
advancements described herein.

[0131] The UE may use Discontinuous Reception (DRX)
in idle mode in order to reduce power consumption. One
Paging Occasion (PO) is a subframe where there may be
P-RNTI transmitted on PDCCH addressing the paging mes-
sage. One Paging Frame (PF) is one Radio Frame, which
may contain one or multiple Paging Occasion(s). When
DRX is used the UE needs only to monitor one PO per DRX
cycle.

[0132] PF and PO is determined by following formulae
using the DRX parameters provided in System Information:

[0133] PF is given by following equation:
SFN mod 7=(7 div N)*(UE_ID mod N)
[0134] Index i_s pointing to PO from subframe pattern

defined in 7.2 will be derived from following calculation:
i_s=floor(UE_ID/N) mod Ns

[0135] System Information DRX parameters stored in the
UE shall be updated locally in the UE whenever the DRX
parameter values are changed in SI. If the UE has no IMSI,
for instance when making an emergency call without USIM,
the UE shall use as default identity UE_ID=0 in the PF and
i_s formulas above.

[0136] The following Parameters are used for the calcu-
lation of the PF and i_s:

[0137] T: DRX cycle of the UE. T is determined by the
shortest of the UE specific DRX value, if allocated by
upper layers, and a default DRX value broadcast in
system information. If UE specific DRX is not config-
ured by upper layers, the default value is applied.

[0138] nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.
[0139] N: min(T,nB)
[0140] Ns: max(1,nB/T)
[0141] UE_ID: IMSI mod 1024.
[0142] IMSIis given as sequence of digits of type Integer

(0...9), IMSI shall in the formulae above be interpreted as
a decimal integer number, where the first digit given in the
sequence represents the highest order digit.

[0143] For example:
IMSI=12 (digit1=1, digit2=2)
[0144] In the calculations, this shall be interpreted as the

decimal integer “12”, not “1x16+2=18".

[0145] The present disclosure, although discussed in
respect of (and particularly suitable to) a 3GPP -and option-
ally LTE-mobile system, is not limited to these examples.
Likewise, although the description uses terms which can
sometimes be based on current names or features of the
3GPP or other standards, the teachings of the present dis-
closure are not limited to this existing procedures or stan-
dards and are intended to apply to any suitable arrangement.
[0146] The following clauses define further example
aspects and features of the present technique:

[0147] 1. A terminal device comprising receiver cir-
cuitry configured to receive parameter data from a base
station in a cellular wireless telecommunication net-
work, a storage device configured to store an identifier
that uniquely identifies the terminal device and control
circuitry configured to control the terminal device,
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when operating in an idle mode, to perform cell rese-
lection using at least one cell reselection parameter
derived from the received parameter data and the stored
unique identifier.

[0148] 2. A terminal device according to clause 1,
wherein the identifier is a UE Identifier.

[0149] 3. A terminal device according to clause 2,
wherein the UE Identifier is an International Mobile
Subscriber Identity.

[0150] 4. A terminal device according to clause 1, 2 or
3 wherein the cell reselection parameter is one of a
multiple cell reselection offsets or multiple absolute
priorities for the frequency or cell.

[0151] 5. A terminal device according to clause 4,
wherein the parameter data contains multiple cell rese-
lection offsets or multiple absolute priorities for the
frequency or cell.

[0152] 6. A terminal device according to clause 4,
wherein the control circuitry is configured to calculate
a priority or offset based on the unique identifier.

[0153] 7. A terminal device according to clause 4,
wherein the parameter data further includes either i) a
parameter controlling a percentage of terminal devices
applying a specific offset value or priority or ii) a
parameter controlling the amount of offset or relative
priority applied.

[0154] 8. A terminal device according to clause 4,
wherein the offset value provides a difference value
from a default percentage.

[0155] 9. A terminal device according to clause 6,
wherein the offset value provides a difference value
from a default percentage.

[0156] 10. A terminal device according to clause 7,
wherein the parameter data further includes an offset to
be applied to the stored unique identifier.

[0157] 11. A communication system comprising a base
station in in communication with a terminal device
according to any one of clauses 1 to 10.

[0158] 12. A method of operating a terminal device in a
cellular wireless telecommunication network, the
method comprising receiving parameter data from a
base station in the cellular wireless telecommunication
network, storing an identifier that uniquely identifies
the terminal device and controlling the terminal device,
when operating in an idle mode, to perform cell rese-
lection using at least one cell reselection parameter
derived from the received parameter data and the stored
unique identifier.

[0159] 13. A method according to clause 12, wherein
the identifier is a UE Identifier.

[0160] 14. A method according to clause 13, wherein
the UE Identifier is an International Mobile Subscriber
Identity.

[0161] 15. A method according to clause 12, 13 or 14
wherein the cell reselection parameter is one of a
multiple cell reselection offsets or multiple absolute
priorities for the frequency or cell.

[0162] 16. A method according to clause 15, wherein
the parameter data contains multiple cell reselection
offsets or multiple absolute priorities for the frequency
or cell.

[0163] 17. A method according to clause 15, comprising
calculating a priority or offset based on the unique
identifier.
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[0164] 18. A method according to clause 15, wherein
the parameter data further includes either 1) a parameter
controlling a percentage of terminal devices applying a
specific offset value or priority or ii) a parameter
controlling the amount of offset or relative priority
applied.

[0165] 19. A method according to clause 15, wherein
the offset value provides a difference value from a
default percentage.

[0166] 20. A method according to clause 17, wherein
the offset value provides a difference value from a
default percentage.

[0167] 21. A method according to clause 18, wherein
the parameter data further includes an offset to be
applied to the stored unique identifier.

[0168] 22. A computer program product comprising
computer readable instructions which, when loaded
onto a computer, configures the computer to perform a
method according to any one of clause 12 to 21.

1. (canceled)

2. A base station comprising:

transmitter circuitry configured to transmit at least one
system information block including parameter data to a
terminal device in a cellular wireless telecommunica-
tion network, the parameter data including at least
absolute priorities for frequencies, wherein

the terminal device stores a unique identifier that uniquely
identifies the terminal device, and

the terminal device is configured to perform cell reselec-
tion, when operating in an idle mode, using the absolute
priorities for frequencies included in the parameter data
of the transmitted at least one system information block
and the stored unique identifier.

3. The base station according to claim 2, wherein the

unique identifier is a UE identifier.

4. The base station according to claim 3, wherein the UE
identifier is an International Mobile Subscriber Identity
(IMSD).

5. The base station according to claim 2, wherein the
parameter data includes multiple cell reselection offsets.

6. The base station according to claim 5, wherein the
multiple cell reselection offsets provide difference values
from a default percentage.

7. The base station according to claim 2, wherein the
parameter data includes either i) a parameter controlling a
percentage of terminal devices in the cellular wireless tele-
communication network applying a specific offset value or
priority, or ii) a parameter controlling an amount of offset or
relative priority applied.

8. The base station according to claim 2, wherein the
parameter data includes an offset to be applied to the stored
unique identifier.

9. The base station according to claim 2, wherein the
terminal device is configured to perform the cell reselection
based on a value of only a last digit of the unique identifier.

10. The base station according to claim 2, wherein the
terminal device is configured to perform the cell reselection
based on a comparison operation that indicates a result of a
mathematical comparison between a value calculated based
on a numerical value of the stored unique identifier and a
value based on a predetermined number.

11. A method of operating a base station in a cellular
wireless telecommunication network, the method compris-
ing:
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transmitting at least one system information block includ-
ing parameter data to a terminal device in a cellular
wireless telecommunication network, the parameter
data including at least absolute priorities for frequen-
cies, wherein

the terminal device stores a unique identifier that uniquely
identifies the terminal device, and the terminal device
is configured to perform cell reselection, when operat-
ing in an idle mode, using the absolute priorities for
frequencies included in the parameter data of the trans-
mitted at least one system information block and the
stored unique identifier.

12. The method according to claim 11, wherein the unique
identifier is a UE identifier.

13. The method according to claim 12, wherein the UE
identifier is an International Mobile Subscriber Identity
(IMSD).

14. The method according to claim 11, wherein the
parameter data includes multiple cell reselection offsets.

15. The method according to claim 14, wherein the
multiple cell reselection offsets provide difference values
from a default percentage.

16. The method according to claim 11, wherein the
parameter data includes either i) a parameter controlling a
percentage of terminal devices in the cellular wireless tele-
communication network applying a specific offset value or
priority, or ii) a parameter controlling an amount of offset or
relative priority applied.
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17. The method according to claim 11, wherein the
parameter data includes an offset to be applied to the stored
unique identifier.

18. The method according to claim 11, wherein the
terminal device is configured to perform the cell reselection
based on a value of only a last digit of the unique identifier.

19. The method according to claim 11, wherein the
terminal device is configured to perform the cell reselection
based on a comparison operation that indicates a result of a
mathematical comparison between a value calculated based
on a numerical value of the stored unique identifier and a
value based on a predetermined number.

20. A non-transitory computer-readable medium encoded
with computer readable instructions that, when executed by
a computer, cause the computer to perform a method of
operating a base station in a cellular wireless telecommuni-
cation network, the method comprising:

transmitting at least one system infoiniation block includ-

ing parameter data to a terminal device in a cellular
wireless telecommunication network, the parameter
data including at least absolute priorities for frequen-
cies, wherein

the terminal device stores a unique identifier that uniquely

identifies the terminal device, and

the terminal device is configured to perform cell reselec-

tion, when operating in an idle mode, using the absolute
priorities for frequencies included in the parameter data
of the transmitted at least one system information block
and the stored unique identifier.
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