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CELL RE-SELECTION IN A CELLULAR TELECOMMUNICATIONS
NETWORK

Technical Field

[0001] The present disclosure relates to a cellular telecommunications system
and, in particular, to a method of cell re-selection in a mobile device camped on
a cell of the cellular telecommunications system.

Background of the Invention

[0002] In a typical cellular radio system, a wireless telecommunication device
communicates via one or more radio access networks (RAN) to one or more
core networks. Ina UMTS system such devices are typically referred to as User
Equipment (UE) and in a GSM system such devices are typically referred to as
Mobile Stations (MS). The terms can be considered as equivalent. In the
description herein both terms may be used interchangeably, however, it will be
noted that the term MS will be used predominantly since the present disclosure
relates primarily to cell re-selection from a GSM EDGE Radio Access Network
(GERAN) to a UMTS Terrestrial Radio Access Network (UTRAN) or an evolved
UMTS Terrestrial Radio Access Network (e-UTRAN). It will be clear, however,
that the present disclosure is not limited to this type of cell re-selection.

[0003] The Mobile Station (MS) comprises various types of equipment such as
mobile telephones (also known as cellular or cell phones), laptops with wireless
communication capability, tablet computers and personal digital assistants
(PDAs) among others. These may be portable, hand held, pocket sized or
installed in a vehicle for example and communicate voice or data signals or both
with the radio access network (RAN). Of course the MS may not be mobile, but
may be fixed in a location. In this context the term mobile may simply refer to
the communication capabilities of the device.

[0004] In the following, reference will be made to Global System for Mobile
Communications (GSM), Universal Mobile Telecommunications System (UMTS),
Long Term Evolution (LTE) and to particular standards. However it should be
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understood that the present disclosure is not intended to be limited to any

[0005] The RAN covers a geographical area divided into a plurality of cell areas.
Each cell area is served by at least one base station, which in UMTS may be
referred to as a Node B or enhanced Node B in LTE. Each cell may be
identified by a unique identifier which is broadcast in the cell. The base stations
communicate at radio frequencies over a radio interface with the UEs which are
camped on the cell (these may be some or all of the UEs which are within the
range of the base station). Several base stations may be connected to a radio
network controller (RNC) which controls various activities of the base stations.
The RNCs are typically connected to a core network. Each cell implements a
particular radio access technology (RAT) such as UMTS Terrestrial Radic
Access (UTRA) among others. In a GERAN (Global system for mobile
communications (GSM)/ Enhanced Data rates for GSM Evolution (EDGE) radio
access network), the radio access network may include one or more base
stations (BTSs) and one or more Base station controllers (BSCs) which together
implement the functionality of the base station subsystem (BSS) in respect of

[0006] Cell selection, sometimes referred to as cell search, for a UE is described
in the 3GPP TS 25.304 specification, V8.1.0, "User Equipment (UE) procedures
in idle mode and procedures for cell re-selection in connected mode" which is
incorporated herein by reference and referred to herein as the 25304
specification. Section 5.2.3 and in particular section 5.2.3.1.1 of the 25.304
specification describes the cell selection process. One of the considerations in
the cell selection process is whether a cell is "suitable". Criteria for suitability
may include criteria related to signal strength and/or signal quality (referring to
the signal transmitted by the candidate cell base station, as received by the UE).
Some of the ¢
parameters which must be decoded by the device after tuning to the frequency
of the candidate cell.
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[0007] When idle, an MS will evaluate the properties of detected
telecommunications cells, other than the cell it is currently connected to or
camped on (often known as the serving cell), in order to identify if the detected
or candidate cells would be better suited for connection rather than the serving
cell. The process of the MS autonomously changing the serving cell while in idle
mode is known as cell re-selection (though re-selection may not be restricted to
idle mode or purely autonomous cell change or both). The process by which an
MS first camps on a cell following power-up or loss of radio coverage is known
as cell selection. The criteria for cell re-selection may include such things as
received signal strength and signal quality. Parameters associated with these
criteria may be broadcast or otherwise transmitted in the serving cell. One of the
requirements for cell re-selection (and selection) may be that the candidate cell
is suitable. The criteria for suitability may include criteria related to signal
strength and/or signal quality (referring to the signal transmitted by the candidate
cell base station, as received by the MS). Some of the criteria that are used in
the suitability evaluation are based on parameters which must be decoded by
the MS after tuning to the frequency of the candidate cell. The decoding of the
parameters from the candidate cell can require significant battery power for the
MS. Regular evaluation based on decoding suitability parameters in this way is
particularly undesirable in mobile devices where battery life is limited.

[0008] The existing solution to this problem is to store and re-use the most
recently decoded suitability criteria parameters. This solution is outlined in the
3GPP TS 45.008 specification V9.4.0, which is incorporated herein by reference
and referred to herein as the '45.008 specification'. Section 6.6.5, section 6.6.6
and section 6.6.7 of the 45.008 specification describe the cell re-selection
processes, entitled “Algorithm for cell re-selection from GSM to UTRAN?,
“Algorithm for inter-RAT cell re-selection based on priority information” and “Cell
selection and re-selection to CSG cells and hybrid cells’, respectively. The
algorithm defined in Section 6.6.5 may be described as the 'ranking algorithm'
and the algorithm defined in Section 6.6.6 may be described as the 'priority-
based algorithm’. These terms may be used throughout the description herein.
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[0009] According to the existing solution, when evaluating the suitability of a
candidate cell, suitability paramete
parameters were most recently decoded may be used. This solution, although it
may reduce the battery usage or long term power requirements of the MS,
carries with it inherent limitations. Specifically, for example, it is easy for an MS
to discount the suitability of candidate cell and thus not re-select to the cell when
it should. This may be because the parameters used to evaluate its suitability
are incorrect, for example because the suitability parameters of the candidate
cell are not the same as those that are being applied. Alternatively, an MS may
incorrectly consider a cell as a valid cell for re-selection and proceed to,
wastefully, tune to the candidate cell's frequency and decode parameters from
that celi. This may be a particular probiem if a wide range of threshoid
parameters are applicable to the cells that the MS could potentially reselect to.
When one of these threshold parameters are stored, it may be used to
incorrectly evaluate another cell in the network for which a different value is
applicable.

[0010] In an example scenario, an operator may wish that devices in idle mode
ith
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ongoing data or voice calls, operate in cells of a different frequency. The
operator may attempt to achieve this by discouraging idle mode re-selection to a
particular frequency by means of the suitability criteria, i.e. the suitability criteria
are set such that an MS will be very unlikely to meet those criteria. In this
scenario, the MS may evaluate such cells for suitability using a considerable
amount of power in the process based on criteria that are easier to meet,
Additionaily, if the MS has stored these incorrect parameters for re-use in the
suitability evaluation for other cells, the MS may not camp on a cell on which it
should.

to not fail the suitability aspect of the re-selection tests. The present disclosure
addresses the problem of how to efficiently and effectively evaluate a candidate

cell for re-selection. The present disciosure minimises the need to tune to the
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frequency of a candidate cell and decode suitability parameters from candidate
cells while avoiding the risk of discounting a candidate cell incorrectly.

Brief Description of the Drawings

[0012] Examples of the present disclosure will now be described in detail with
reference to the accompanying drawings, in which:

[0013] Figure 1A is a diagram showing an overview of a network and a UE
device;

[0014] Figure 1B shows a schematic system suitable for implementing a first
embodiment of the present invention;

[0015] Figure 2 shows a flow diagram of a known ranking algorithm for cell re-
selection;

[0016] Figure 3 shows a flow diagram of a known method of storing suitability
parameters when performing cell re-selection;

[0017] Figure 4 shows a flow diagram illustrating an example of the present
disclosure in which stored suitability parameters are applied on a per-frequency
basis;

[0018] Figure 5 shows a view of information flow illustrating an example of the
present disclosure in which stored suitability parameters are applied on a per-
frequency basis;

[0019] Figure 6 shows a flow diagram illustrating an example of the present
disclosure in which stored suitability parameters are applied on a per-cell basis;
[0020] Figure 7 shows a flow diagram illustrating an example of the present
disclosure relating to Closed Subscriber Group (CSG) Cells;

[0021] Figure 8 shows a flow diagram illustrating an example of the present
disclosure relating to storage of suitability criteria;

[0022] Figure 9 shows a flow diagram illustrating an example of the present
disclosure relating to priority-based re-selection;

[0023] Figure 10 shows a process illustrating an example of the present
disclosure in which stored suitability parameters are applied on a per-frequency
basis;

[0024] Figure 11 shows a process illustrating an example of the present
disclosure in which stored suitability parameters are applied on a per-cell basis;
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[0025] Figure 12 shows a process illustrating an example of the present
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[0026] Figure 13 shows a process illustrating an example of the present

e (DN Moalls.
FOrGUPD (Lola) Leis,

disclosure relating to Closed Subscriber Group (CSG) Cells;

[0027] Figure 14 shows a process illustrating an example of the present
disclosure relating to Closed Subscriber Group (CSG) Cells;

[0028] Figure 15 shows a process illustrating an example of the present
disclosure relating to priority-based re-selection; and,

[0029] Figure 16 shows a flow diagram illustrating an example of the present
disclosure in which certain radio-related evaluations are not performed.

[0030] The same reference numerals used in different figures denote similar

elements.

Detailed Description

[0031] Embodiments set out in this application relate generally to a method of
cell re-selection in an electronic device. Embodiments may efficiently evaluate a
candidate cell when performing re-selection, without having to tune to the
frequency of a candidate cell and decode suitability parameters from that cell

[0032] According to an aspect of the present invention, there is provided a
method in a wireless cellular telecommunications device camped on a serving
cell, the device storing a parameter obtained from a first cell, the method
comprising:

measuring an attribute of a signal received from a candidate cell; and,

evaluating the candidate celi for re-selection,

wherein if a carrier frequency of the candidate cell matches a carrier
frequency of the first cell, the evaluation of the candidate cell for re-selection is
based on at least the measured attribute and the stored parameter, eise

using the stored parameter.
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[0033] According to an aspect of the present disclosure, there may be provided
a method in a wireless cellular telecommunications device camped on a serving
cell, the device storing a parameter obtained from a first cell, the method
comprising:

measuring an attribute of a signal received from a candidate UTRAN cell;
and,

evaluating the candidate cell for re-selection,

wherein, if a carrier frequency of the candidate cell matches a carrier
frequency of the first cell, the evaluation of the candidate cell for re-selection is
based on at least the measured attribute and the stored parameter, else

the evaluation of the candidate cell for re-selection is performed without

using the stored parameter.

[0034] According to an aspect of the present disclosure, there may be provided
a method in a wireless cellular telecommunications device camped on a serving
cell, the device storing a parameter obtained from a first cell, the method
comprising:

measuring an attribute of a signal received from a candidate cell; and,

evaluating the candidate cell for re-selection according to a ranking
algorithm,

wherein, if a carrier frequency of the candidate cell matches a carrier
frequency of the first cell, the evaluation of the candidate cell for re-selection is
based on at least the measured attribute and the stored parameter, else

the evaluation of the candidate cell for re-selection is performed without
using the stored parameter. The candidate cell may be a UTRAN cell.

[0035] In certain embodiments the method may further comprise performing re-
selection from the serving cell to the candidate cell based on the evaluation.

[0036] Additionally, if the frequency of the candidate cell matches the frequency
of the first cell, the evaluation may also include determining if the candidate cell
meets re-selection requirements, wherein, if the measured attribute fails to
exceed the stored parameter by a first pre-determined amount, the evaluation
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includes determining that the candidate cell does not meet re-selection
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[0037] Further, if the carrier frequency of the candidate cell does not match the
carrier frequency of the first cell, the evaluation of the candidate cell for re-
selection may include: determining if the measured attribute exceeds a
predetermined default value; and, if the measured attribute fails to exceed the
predetermined default value, determining that the candidate cell does not meet

re-selection requirements.

[0038] Additionally, the first cell may be different from the serving cell, the device
having been previousiy camped on the first celi. Aiternatively, the first celi and

the candidate cell may be of the same wireless radio access technology.

[0039] In certain embodiments, the evaluation of the candidate cell may include:
acquiring system information of the candidate cell, the system information
including a parameter; determining if the measured attribute exceeds the
candidate cell parameter by a second predetermined amount; and, if the

predetermined amount, performing re-selection to the candidate cell. The
second predetermined amount may be 0dB.

[0040] Further, the stored parameter may indicate a minimum required receive
level. The measured attribute may be received signal code power (RSCP).
Additionally, the serving cell may be a GERAN cell.

[0041] In certain embodiments, the method may further comprise: acquiring a
parameter of a second cell, and, if a carrier frequency of the second cell does
not maich ithe carrier frequency of the first celi, storing said second ceii
[ , i ing second celi maiches the carrier
frequency of the first cell, replacing the stored parameter with the second cell
parameter such that when evaluating a candidate cell for re-selection, if the

carrier frequency of the candidate cell matches the carrier frequency of the
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second cell, the evaluation of the candidate cell for re-selection is based on at
least the measured attribute and the stored second cell parameter. If the
candidate cell has an identifier equivalent to an identifier of the first cell, the
evaluation of the candidate cell for re-selection may be based on at least the
measured attribute and the stored parameter, else the evaluation of the
candidate cell for re-selection may be performed without using the stored
parameter. The identifier may be a primary scrambling code.

[0042] Additionally, the method may further comprise: determining if a candidate
cell is a closed subscriber group cell; and, if the candidate cell and the first cell
are closed subscriber group cells, the evaluation of the candidate cell for re-
selection is based on at least the measured attribute and the stored parameter,
else the evaluation of the candidate cell for re-selection is performed without

using the stored parameter.

[0043] The serving and candidate cells may be of the same wireless radio
network. Alternatively, the serving and candidate cells may be of different
wireless radio networks.

[0044] According to an aspect of the present disclosure, there may be provided
a wireless celiular telecommunications device adapted to: camp on a serving
cell; store a parameter obtained from a first cell, measure an attribute of a signal
received from a candidate UTRAN cell; and, evaluate the candidate cell for re-
selection, wherein if a carrier frequency of the candidate cell matches a carrier
frequency of the first cell, the evaluation of the candidate cell for re-selection is
based on at least the measured attribute and the stored parameter, else the
evaluation of the candidate cell for re-selection is performed without using the

stored parameter.

[0045] According to an aspect of the present disclosure, there may be provided
a wireless cellular telecommunications device adapted to. camp on a serving
cell; store a parameter obtained from a first cell; measure an attribute of a signal
received from a candidate cell; and, evaluate the candidate cell for re-selection
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cell for re-selection is based on at least the measured attribute and the stored
parameter, else the evaluation of the candidate celi for re-selection is performed
without using the stored parameter.

[0046] According to an aspect of the present disclosure, there may be provided
a computer-readable storage medium having stored thereon instructions which
can be executed by a device to: camp on a serving cell; store a parameter
obtained from a first cell; measure an attribute of a signal received from a
candidate UTRAN cell, and, evaluate the candidate cell for re-selection, wherein
if a carrier frequency of the candidate cell matiches a carrier frequency of the first
cell, the evaluation of the candidate cell for re-selection is based on at least the
measured attribute and the stored parameter, else the evaluation of the
candidate cell for re-selection is performed without using the stored parameter.

[0047] According to an aspect of the present disclosure, there may be provided
a computer-readable storage medium having stored thereon instructions which

ran ho o
WAl WA W

obtained from a first cell, measure an attribute of a signal received from a
candidate cell; and, evaluate the candidate cell for re-selection according to a
ranking algorithm, wherein if a carrier frequency of the candidate cell matches a
carrier frequency of the first cell, the evaluation of the candidate cell for re-
selection is based on at least the measured attribute and the stored parameter,
else the evaluation of the candidate cell for re-selection is performed without
using the stored parameter.

[0048] According to an aspect of the present disclosure, there may be provided
a method in a wireless cellular telecommunications device camped on a serving
cell, the device storing a paramets
comprising:

measuring an attribute of a signal received from a candidate cell, and,

evaluating the candidate ceili for re-selection,
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wherein, if the candidate cell has an identifier equivalent to an identifier of
the first cell, the evaluation of the candidate cell for re-selection is based on at-
least the measured attribute and the stored parameter, else

the evaluation of the candidate cell for re-selection is performed without

using the stored parameter.

[0049] In certain embodiments, if the candidate cell has an identifier equivalent
to the identifier of the first cell, the evaluation may include determining if the
candidate cell meets re-selection requirements, wherein, if the measured
attribute fails to exceed the stored parameter by a first pre-determined amount,
the evaluation includes determining that the candidate cell does not meet re-
selection requirements. The first predetermined amount may be O0dB.
Alternatively, the first predetermined amount may be +10dB.

[0050] According to an aspect of the present disclosure, there may be provided
a method in a wireless cellular telecommunications device camped on a serving
cell, the device storing a first parameter obtained from system information of a
first cell, the method comprising:

measuring an attribute of a signal received from a candidate cell

determining if the candidate cell is a closed subscriber group cell; and,

evaluating the candidate cell for re-selection,

wherein, if the candidate cell is determined to be a closed subscriber
group cell, the evaluation of the candidate cell for re-selection is based on at
least the measured attribute irrespective of the first stored parameter, said first
stored parameter indicating a minimum value for the measured attribute.

[0051] In certain embodiments, the device has a second stored parameter
obtained from a closed subscriber group cell and in which the first cell is not a
closed subscriber group cell, wherein, if the candidate cell is determined to be a
closed subscriber group cell, the evaluation of the candidate cell for re-selection
is based on at least the measured attribute and the second stored parameter.
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[0052] Additionally, if the evaluation is based on at least the measured attribute
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and the second stored param
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nay inciude determining if the
cell meets re-selection requirements, wherein, if the measured attribute fails to
exceed the second stored parameter by a first pre-determined amount,
determining that the candidate cell does not to meet re-selection requirements.
The first predetermined amount may be 0dB. Alternatively, the first

predetermined amount may be +10dB.

[0053] Further, if the candidate cell has an identifier equivalent to an identifier of
the second cell and the candidate cell is determined to be a closed subscriber
group cell, the evaluation of the candidate cell for re-selection may be based on
at least the second stored parameter, eise the evaiuation of the candidate cell
for re-selection is performed without using the second stored parame

[0054] The identifier may be a locally unique identifier. The identifier may be a
physical layer identifier. The identifier may be a primary scrambling code.

[0055] In certain embodiments, if the candidate cell has a carrier frequency

primary scrambling code matching the primary scrambling code of the second
cell and the candidate cell is determined to be a closed subscriber group cell,
the evaluation of the candidate cell for re-selection is based on at least the
measured attribute and second stored parameter, else the evaluation of the
candidate cell for re-selection is performed without using the second stored
parameter.

[0056] Additionally, if the evaluation is performed without using the stored
parameter, the evaluation of the candidate cell may include: determining if the
measured attribute exceeds a predetermined defauit value; and, if the measured

N ‘A.a...a.w...ﬁ
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candidate cell 8 not meet re-selection requirements.
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[0057] The candidate cell may be a UTRAN cell. The candidate cell may be a
E-UTRAN cell. The identifier of the first cell may also be a physical layer cell
identifier. The serving cell may be a GERAN cell.

[0058] In certain embodiments, the method may further comprise performing re-
selection from the serving cell to the candidate cell based on the evaluation.
The evaluation of the candidate cell may also include: acquiring system
information of the candidate cell, the system information including a parameter;
determining if the measured attribute exceeds the candidate cell parameter by a
second predetermined amount; and, if the measured attribute exceeds the
candidate cell parameter by the second predetermined amount, performing re-
selection to the candidate cell. The second predetermined amount may be 0dB.

[0059] Further, the stored parameter may indicate a minimum required receive
level. The measured attribute may be a received signal code power (RSCP).

[0060] Also, the serving and candidate cells, may be of the same wireless radio
network. Alternatively, the serving and candidate cells may be of different
wireless radio networks.

[0061] According to an aspect of the present disclosure, there may be provided
a wireless cellular telecommunications device adapted to. camp on a serving
cell; store a parameter obtained from a first cell; measure an attribute of a signal
received from a candidate cell, and, evaluate the candidate cell for re-selection,
wherein, if the candidate cell has an identifier equivalent to an identifier of the
first cell, the evaluation of the candidate cell for re-selection is based on at least
the measured attribute and the stored parameter, else the evaluation of the
candidate cell for re-selection is performed without using the stored parameter.

[0062] According to an aspect of the present disclosure, there may be provided
a wireless cellular telecommunications device adapted to: camp on a serving
cell; store a parameter obtained from system information of a first cell; measure
an attribute of a signal received from a candidate cell; determine if the candidate
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cell is a closed subscriber group cell; and, evaluate the candidate cell for re-
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group cell, the evaluation of the candidate cell for re-selection is based on at
least the measured attribute irrespective of the first stored parameter, the

parameter indicating a minimum value for the measured attribute.

[0063] According to an aspect of the present disclosure, there may be provided
a computer-readable storage medium having stored thereon instructions which
can be executed by a device to: camp on a serving cell, store a parameter
obtained from a first cell, measure an attribute of a signal received from a
candidate cell; and, evaluate the candidate cell for re-selection, wherein, if the
candidate cell has an identifier equivalent to an ideniifier of the first ceil, the
evaluation of the candidate cell for re-selection is based on at least the
measured attribute and the stored parameter, else the evaluation of the
candidate cell for re-selection is performed without using the stored parameter.

[0064] According to an aspect of the present disclosure, there may be provided
A computer-readable storage medium having stored thereon instructions which

[@]
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' be executed by a device {o: cam
obtained from a first cell, measure an attribute of a signal received from a
candidate cell; determine if the candidate cell is a closed subscriber group cell,
and, evaluate the candidate cell for re-selection, wherein, if the candidate cell is
determined to be a closed subscriber group cell, the evaluation of the candidate
cell for re-selection is based on at least the measured attribute irrespective of
the first stored parameter, the parameter indicating a minimum value for the

measured attribute.

[0065] According to an aspect of the present disclosure, there may be provided
a method in a wireless cellular telecommunications device camped on a serving
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a first cell, the method comprising:
measuring an attribute of a signal received from a candidate cell, and,
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evaluating the candidate cell for re-selection based on the measured
attribute according to a priority-based re-selection algorithm irrespective of the
stored parameter, wherein the parameter indicates a minimum required received

signal code power.

[0066] In certain embodiments, the method may further comprise performing re-
selection from the serving cell to the candidate cell based on the evaluation.
The evaluation of the candidate cell may also includes acquiring system
information of the candidate cell, the system information including a parameter,
determining if the measured attribute exceeds the candidate cell parameter by a
predetermined amount; and, if the measured attribute exceeds the candidate cell
parameter by a predetermined amount, performing re-selection to the candidate
cell. The predetermined amount may be 0dB.

[0067] Additionally, the evaluation of the candidate cell for re-selection may
include: determining if the measured attribute exceeds a predetermined default
value; and, if the measured attribute fails to exceed the predetermined default
value, determining that the candidate cell does not meet re-selection

requirements.

[0068] In certain embodiments, the measured attribute may be received signal
code power (RSCP). The candidate cell may be a UTRAN cell. The serving cell
may be a GERAN cell.

[0069] Further, the method may also comprise: measuring an attribute of a
signal received from a second cell; and, evaluating the second cell for re-
selection based on the measured attribute and the stored parameter according

to a ranking algorithm.

[0070] Additionally, the serving and candidate cells may be of the same wireless
radio network. Alternatively, the serving and candidate cells may be of different
wireless radio networks.
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[0071] According to an aspect of the present disclosure, there may be provided

a wireless ceilular teleco

cell; store a parameter obtained by decoding system information of a first cell;
measure an attribute of a signal received from a candidate cell; and, evaluate
the candidate cell for re-selection based on the measured attribute according to
a priority-based re-selection algorithm irrespective of the stored parameter,

wherein the parameter indicates a minimum required signal code power.

[0072] According to an aspect of the present disclosure, there may be provided
a computer-readable storage medium having stored thereon instructions which
can be executed by a device to: camp on a serving cell; store a parameter
obtained by decoding system information of a first ceil; measure an attribute of a
signal received from a candidate cell; and, evaluate the candidate cell for re-
selection based on the measured attribute according to a priority-based re-
selection algorithm irrespective of the stored parameter, wherein the parameter
indicates a minimum required signal code power.

[007 3] Other aspects and features of the present teaching will become apparent

o ot 1inn 10 n
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specific embodiments of a method and apparatus for cell re-selection in a
telecommunication system and the accompanying claims. Any method
disclosed herein may be implemented in a mobile station device of a wireless
communications network.

[0074] Radio Access Networks of the GSM/EDGE (GSM/EDGE Radio Access
Network, GERAN), UMTS (UMTS Terrestrial Radio Access Network, UTRAN) or
LTE (evolved UMTS Terrestrial Radio Access Network, e-UTRAN) type typically
include multiple cells covering a geographical area each of which may
impiement a different radio access technology (RAT). 2G may refer to GSM and

nay ic
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described above, a Mobile Station (MS) once connected to a cell, known as the
serving cell, may evaluate other detected cells, known as candidate cells, to

determine if they wouid be more suitabie for connection than the serving cell.
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When operating in a cell, the MS is referred to as being camped on the cell. In
the description herein the MS may be referred to as being “in a cell”, “camped on
a cell” or using a “serving cell”. These terms may be used interchangeably and
define that the MS is able to be paged for downlink data by that cell. The
description herein may refer to 2G and 3G.

[0075] By the terms ‘Ranking Algorithm’ and ‘Priority-Based Re-selection
Algorithm’ which are used throughout the description herein, we mean the
following:

[0076] In a ranking algorithm, radio measurements of cells (possibly modified by
offsets and/or scaling factors, and possibly subject to minimum thresholds) are
compared and re-selection is generally made to the highest thus-ranked cell. In
a ranking algorithm, cells on different frequencies, or using different radio access
technologies may be compared directly and thus ranked relative to each other.
Radio measurements (or derived values for example based on a received cell
signal quality or power) are the key basis of comparison of candidate cells. An
example of a ranking algorithm is shown in Figure 2.

[0077] In a priority-based re-selection algorithm, cells (typically grouped
according to their frequency of operation and/or radio access technology) are
assigned priorities. These priorities are the primary means by which cells are
considered (radio measurements of the neighbour cells being a secondary
consideration) when determining which cell, if any, the device should reselect to.
(Note that other considerations may be made, such as based on measurements
of the serving cell, in addition to the priority level). According to current 3GPP
priority-based re-selection, priorities are assigned on a per-frequency basis (i.e.
such that all cells operating using the same radio access technology and same
carrier frequency are assigned the same priority), or (in the case of GSM cells)
on a per-radio access technology (cells operating according to GSM-based
technologies operating on different carrier frequencies may be assigned the
same priority). In particular, radio measurements of cells of different priorities
need not be compared to each other (though radio measurements may be used
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for any cell, regardless of its respective priority, to check if it meets minimum
etermined to meet all applicable re-
selection criteria, without consideration of any radio measurements of a cell of a
lower priority.

[0078] Referring to the drawings, Figure 1A is a schematic diagram showing an
overview of a UMTS network and a user equipment device. Clearly in practice
there may be many user equipment devices operating with the network but for
the sake of simplicity Figure 1A only shows a single user equipment device 100.

{0079] For ihe purposes of iilustration, Figure 1A also shows a radio access
network 119 (UTRAN) used in a UMTS system having a few components. It will
be clear to a person skilled in the art that in practice a network will include far

more components than those shown.

[0080] The network 119 as shown in Figure 1A comprises three Radio Network
Subsystems (RNS) 102. Each RNS has a Radio Network Controller (RNC) 104.

ac ANA Ar maoro f\l r‘ln R 102 whir
A W W W 11 W Wil L/ I VYl

Base Transmitter Station of a GSM radio access network. User Equipment UE
100 may be mobile within the radio access network. Radio connections
(indicated by the straight dotted lines in Figure 1A) are established between the
UE and one or more of the Node Bs in the UTRAN.

[0081] Figure 1B shows a further schematic of a network system. Typically each
radio access network (RAN) inciudes radio access devices 156 o provide the
radio link between the wireless communications device, the MS 160, and the
rest of the radio access network. These radio access devices 156 are known as
base stations in GSM and Node Bs in UMTS. The RAN in e-UTRAN comprises
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Controller (RNC) or Base Station Controller (BSC),
stations; the RNCs and BSCs are connected to one or more core networks
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(typically at least one for packet-switched services and one for circuit-switched
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services). RNCs connect to 3G base stations (node Bs) and BSCs connect to
2G base stations (in which case the combined BSC and base station perform
the functionality of a base station subsystem (BSS)), even though they may be
physically co-located or even in the same unit. The core network (not shown) is
associated with a Public Land Mobile Network (PLMN) 150; it is possible for a
single RAN to connect to the core networks of multiple PLMNs (not shown).

[0082] Each 3G cell may be uniquely (within the local area) identified by a
frequency and a primary scrambling code. Generally a cell refers to a radio
network object that can be uniquely identified by an MS 160 from a cell identifier
that is broadcast over geographical areas by a base station, node B, e Node B
or similar entity. A single physical Node B may generate more than one cell
since it may operate at multiple frequencies, or with multiple scrambling codes or
both. A candidate cell may be ultimately connected to the same PLMN as the
serving cell.

[0083] Figure 2 shows a flow diagram illustrating known processes performed by
an MS during a known cell re-selection procedure according to a ranking
algorithm. Referring to Figure 2, the process starts at step 201. At step 202,
cell measurements, for example intra-frequency, inter-frequency and inter-RAT
cell measurements, are generated or received by the MS. At step 203 rank
values are calculated for each cell. In one example these cells are the serving
cell and neighbouring cells. One example of the calculation usable to calculate a
rank value in the form of cell-ranking criterion R is defined in section 5.2.6.1.4 of
the 3GPP TS 25.304 specification, V8.1.0, "User Equipment (UE) procedures in
idle mode and procedures for cell re-selection in connected mode" which is
incorporated herein by reference and referred to herein as the 25.304
specification (see the calculations for R, for serving cells and R, for neighbouring
cells in that section). In that example the rank values are calculated for cells if
they satisfy the conditions set in section 5.2.6.1.4 of the 25.304 specification.

[0084] At step 204 the cells are ordered based on the rank values. in one
example, only cells with rank values better than that of the serving cell are
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considered and these are compiled in a list. At step 205 the resulting Cell
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|

Ranking List is created. At siep 206 i

0]

i.e. has the highest rank value) then the MS remains camped on to the serving
cell and the process reverts to step 202.

[0085] If at step 206 the MS finds that the serving cell is not the best (i.e. does
not have the highest rank value) then at step 207 the MS attempts to reselect to
a neighbour cell with the highest rank value. To this end, at 208 a channel (in
one example a Primary Common Control Physical Channel (PCCPCH)) is set
up, at 209 system information (in one example in the form of Master Information
Blocks (MIBs) and System Information Blocks (SIBs)) is read from the neighbour
ceil and at 210 a check is made that the celi is a suitabie ceil. A suitable celi is a
cell on which an MS may camp; examples include a cell which has acceptable
signal strength and/or is not in a forbidden location area and/or is not barred
and/or for an automatic search, belongs to the correct Public Land Mobile
Network (PLMN). If the cell is suitable the MS camps on to the neighbour cell at
211. If the cell is not a suitable cell, the process reverts to 202. The process
ends at 212.

[0086] As noted above, the process shown in Figure 2 requires that a
communications channel is established with the candidate cell in order to
determine the system information from the cell and hence the suitability of the
cell for selection. Generally, the described process of establishing a channel
with the candidate cell is simply to permit the decoding of system information,
which is broadcast. In the context of the present disclosure, establishing a
communications channel does not, necessarily, imply any particular behaviour
by the network, that is, the network does not positively 'establish’ the channel,
given that it may continually broadcast the system information.
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MS. If the serving cell is a GERAN cell, then it is likely that it will often be below
a neighbouring cell in the ranking list as a result of the ranking caiculation.
Consequently the MS may be repeatedly be checking the neighbouring celis for
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suitability and therefore establishing communication channels on those cells to

decode the system information.

[0088] It may be the case that the system information received from the
neighbouring cells contains a parameter of suitability such that it is unlikely that
the MS will ever determine that cell to be suitable. The parameter may have
been set by the network operator so that MS can vary rarely, if ever, camp on
that cell. In this scenario, the MS will repeatedly establish a communication
channel on the cell using a large and unnecessary amount of power in the

process.

[0089] In an example scenario, an operator may wish that devices in idle mode
camp an cells of one frequency, and devices in connected mode, i.e. with active
ongoing data or voice calls, operate in cells of a different frequency. The
operator may attempt to achieve this by discouraging idie mode re-selection to a
particular frequency by means of the suitability criteria, i.e. the suitability criteria
are set such that an MS will be very unlikely to meet those criteria. In the
scenario above, the MS will consistently evaluate such a cell for suitability using
a considerable amount of power in the process, even though the cell may never
be suitable.

[0090] It has previously been proposed that, in order to reduce the power
requirements of the MS, it may store previously decoded suitability parameters.
The reason for requiring storage of suitability criteria is to allow the MS to
evaluate a candidate cell, using these criteria, without having to first read the
SiBs of the candidate cell (which would otherwise have to be read in order to
determine the suitability criteria applicable to that cell). In many cases, the cell
will not meet the suitability criteria (based on the stored parameters) and no
further evaluation of this cell is needed; thus, storing criteria from a previous
attempt can significantly reduce the battery consumption as SIBs need not be
read from cells which do not meet these criteria.
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as aescribed above, particula
associated with (i.e. decoded from) a cell where idle mode re-selection is
intended to be restricted, i.e. those with unachievable (or rarely achievable)
parameters. Since the stored suitability criteria are unlikely to be met, the MS
will not attempt re-selection (noting that the MS may abandon re-selection at this
stage, without reading the system information of the target cell and therefore
without being able to determine that, in actual fact, the suitability criteria would
be met for this cell). In certain circumstances, the MS could remain camped on
a GSM cell longer than intended in instances where a UMTS cell would be more

appropriate.

[0092] The suitability parameters or threshold criteria, may indicate a minimum
required receive level. The signal quality, signal power or signal strength of the
cell may need to exceed this by a predetermined amount, for example 0dB or
+10dB. The suitability parameters or threshold criteria may, in practice, be the
Qrxlevmin value or the Pcompensation value or both. Other suitability
parameters or threshold criteria are of course considered.

[0093] The stored Qrxlevmin value may have a range of -115 to -24dBm, and
there is no default value (a value to be used if value not explicitly signalled),
since its inclusion in the 3G cell's system information is mandatory. Qrxlevmin
may be a suitability parameter for that cell.

[0094] Pcompensation is a further suitability parameter derived (at least partly)
from one or more parameters broadcast in the cell also currently referred to in
Section 6.6.5 of the 45.008 specification. Its value is most likely to be 0dB.

[0095] Figure 3 illustrates the known process of cell re-selection using stored
parameéters. The algorithim applicabie is outlined in the 45.008 specification.

UTRAN".
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[0096] The illustrated process starts at step 302 with the MS camped on the
serving cell. Depending on the configuration and the algorithm used, the
neighbour cell is received from the serving cell (step 304) and the re-selection
parameters are decoded from that list (step 306). The MS then identifies a
candidate cell and performs measurements (step 308). These may include
signal strength and signal quality among others. Next, at step 310, the MS
determines if the candidate cell meets the re-selection criteria. This test may be
limited to those criteria which can be derived from parameters received in the
serving cell. In some cases, depending on the parameters broadcast in the
serving cell and whether or not it has stored suitability parameters, the MS may
omit evaluating the candidate cell based on stored suitability parameters. If the
candidate cell does not meet the re-selection criteria, the process restarts as the
cell is not acceptable (step 312).

[0097] Between steps 312 and 314 (not shown), if the serving cell transmits
Received Signal Code Power (RSCP) parameters to be used in lieu of the
‘suitability test' within the re-selection algorithm, then the candidate cell is
evaluated against these regardless of whether it has stored suitability
parameters or not. If this test is done and passed (not shown), the process
moves to step 318.

[0098] If the candidate cell is acceptable, the MS checks if it has stored
suitability parameters from a previous attempt (step 314). If it does, the
candidate cell is evaluated to determine if it meets suitability criteria based on
these stored parameters (step 316). If the candidate cell does not meet the
suitability criteria, the cell is deemed unacceptable and the process is restarted
(step 312). If the cell does meet the suitability criteria based on the stored
parameters, then the MS establishes a communication channel with the cell and
acquires system information from the candidate cell (step 318). Similarly, if the
MS does not have stored suitability parameters from a previous attempt, the MS
establishes a communication channel with the cell and acquires system
information from the candidate cell (step 318).
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[0099] The suitability of the cell is then evaluated using parameters in the
system in
the MS camps on the cell (step 324). If the candidate cell does not meet the
suitability requirements, the cell is deemed not acceptable (step 312) and the
MS remains camped on the serving cell.

[0100] Section 6.6.5, “Algorithm for cell re-selection from GSM to UTRAN’,
outlines the algorithm for determining the re-selection suitability described above
and based on a ranking algorithm. The ranking algorithm is used where priority
based re-selection is not, for example, due to network configuration or device
capability. Section 6.6.6, entitled “Algorithm for inter-RAT cell re-selection based
on priority information” outiines the priority-based re-selection. Typicaily, priority-
based re-selection is preferred. For example, a device which is capable of LTE
must support priority-based re-selection. In the ranking algorithm, criteria for re-
selection from GERAN to UTRAN may be referred to as CPICH RSCP-based
criteria. CPICH stands for common pilot channel and RSCP stands for Received
Signal Code Power. For reference, an excerpt of the algorithm defined in

section 6.6.5 of the 45.008 specification is as follows, where FDD stands for

[0101] “If the 3G Cell Re-selection list includes UTRAN frequencies, the MS
shall, at least every 5s update the value RLA_C for the serving cell and each of
the at least 6 strongest non-serving GSM cells.

[0102] The MS shall then reselect a suitable (see TS 25.304) UTRAN cell if:
- for a TDD cell the measured RSCP value exceeds the value of
RLA_C
— for the serving cell and all of the suitable (see 3GPP TS 03.22) non-
serving GSM celis by the vaiue XXX_Qoffset for a period of 5 s and

Ty

— TforanFDDceii §

1e foliowing criteria are aii met for a period of 5 s:

Y

1. its measured RSCP value exceeds the value of RLA_C for the
serving cell and all of the suitable (see 3GPP TS 03.22) non-serving
GSM cells by the value XXX_Qoffset,
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2. jts measured Ec/No value is equal or greater than the value
FDD_Qmin, and

3. its measured RSCP value is equal fto or greater than
FDD_RSCP_threshold, if supported by the MS.

[0103] In case of a cell re-selection occurring within the previous 15 seconds,
XXX_Qoffset is increased by 5 dB where
— FDD_RSCP_threshold equals Qrxlevmin+Pcompensation + 10 dB, if
these parameters are available, otherwise - (criterion not effective).
—~  Qrxlevmin is the minimum required RX level in the UTRAN FDD cell
(dBm), see 3GPP TS 25.304.
—  Pcompensation is max(UE_TXPWR_MAX_RACH - P_MAX, 0) (dB),
see 3GPP TS 25.304.
- UE_TXPWR_MAX_RACH is the maximum TX power level an MS
may use when accessing the UTRAN FDD cell on RACH (dBm), see
3GPP TS 25.304.
- P_MAX is the maximum RF output power of the MS (dBm) in UTRAN
FDD mode, see 3GPP TS 25.304.
- FDD_Qmin and XXX_Qoffset are broadcast on BCCH of the serving
cell. XXX indicates other radio access technology/mode.
[0104] Note: The parameters required to determine if the UTRAN cell is
suitable are broadcast on BCCH of the UTRAN cell. An MS may start re-
selection towards the UTRAN cell before decoding the BCCH of the UTRAN cell,
leading to a short interruption of service if the UTRAN cell is not suitable.

[0105] The MS may store the UTRAN cell RSCP suitability criterion parameters
above, whenever decoded from a UTRAN FDD cell of an equivalent PLMN. The
most recently decoded parameters are valid re-selection criteria towards all
UTRAN FDD cells. This list of parameters shall be cleared after PLMN selection
(see 3GPP TS 23.122).”

[0106] It should be noted that the definition of suitable in the above algorithm
requires that cell selection criteria be met. These criteria for UMTS cells are



10

15

20

25

w
(e}

WO 2012/072714 PCT/EP2011/071445

26

selection are Qrxlevmin  and Pcompensation (which depends on
UE_TXPWR_MAX_RACH). The 25.304 specification defines other parameters
affecting suitability that are not used in the re-selection tests defined in the
45.008 specification.

[0107] For later releases of the specification, the phrase “if supported by the MS”
in item 3 above was removed, making this consideration mandatory for mobile
stations complying with later releases of the specifications.

{0108] The definition of FDD_RSCP_threshold has also been previously

modified to read as follows:

~ “FDD_RSCP_threshold equals FDD_RSCPmin — min((P_MAX - 21
dBm), 3 dB) if FDD_RSCPmin is broadcast on the serving cell, else
Qrxlevmin + Pcompensation + 10 dB, if these parameters are
available, otherwise the default value of FDD_RSCPmin.”

[0109] Additionally, the paragraph starting "The MS may store" of the algorithm
was updated to read as follows:

[0110] “The MS shall store the UTRAN cell RSCP suitability criterion parameters
above, whenever decoded from a UTRAN FDD cell of an equivalent PLMN while
attempting to camp on the UTRAN FDD cell. The most recently decoded
parameters from one UTRAN FDD cell of an equivalent PLMN are valid re-
selection criteria towards all UTRAN FDD cells. This list of parameters shall be
cleared after PLMN selection (see 3GPP TS 23.122)”

[0112] “If the FDD_RSCPmin parameters are not provided in the broadcast of
the GSM serving celi, the FDD_RSCP_threshoid is derived from broadcast
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information of the UTRAN cells. These parameters could be different for each
UTRAN cell.

[0113] /t is unclear from which UTRAN cell and when the MS shall read these
parameters and when they should be re-read. Furthermore it is unclear whether
a parameter set of one UTRAN cell is valid for the re-selection towards all cells
or only towards the UTRAN cell from which the parameters were read.”

[0114] When this change to the specification was made, a summary was given

as follows:

[01156] “it is clarified that the MS shall refresh the parameter set when
attempting to camp on a UTRAN FDD cell of an equivalent PLMN and thus is
not required to read this parameter from the UTRAN neighbour cells while
camping on a GSM cell.

[0118] It is further clarified, that the parameters received from one UTRAN cells
are valid re-selection criteria towards all UTRAN FDD cells.”

[0117] As stated previously, the reason for requiring storage of suitability criteria
is to allow the MS to evaluate a candidate cell, using these criteria, without
having to first read the System Information Blocks (SIBs) of the candidate cell
(which would otherwise have to be read in order to determine the suitability
criteria applicable to that cell). In many cases, the ceill will not meet the criteria
and no further evaluation of this cell is needed; thus, storing criteria from a
previous attempt can significantly reduce the battery consumption as SIBs need
not be read from cells which do not meet these criteria.

[0118] It was mentioned above that Section 6.6.5 applies only where priority
based re-selection does not. Specifically, Section 6.6.5 states: “The algorithm in
this subclause shall be used for re-selection from GSM to UTRAN if the
conditions for the use of the cell re-selection algonthm based on priority
information (see subclause 6.6.6) are not satisfied”. Section 6.6.6, “Algorithm for
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inter-RAT cell re-selection based on priority information”, defines that priority-

based re ia allow a
same frequency and using the same RAT) as having a particular priority;
different priorities can be assigned to different RATs or frequencies or both.
Multiple frequencies of the same RAT may share a priority level. Two
frequencies cannot share a priority level if they are used for different RATs. As
with the algorithm defined in section 6.6.5 and discussed above, there is a
requirement that the target or candidate cell be suitable as defined in the 25.304
specification and described above. For reference, an excerpt of the algorithm

defined in section 6.6.6 of the 45.008 specification is as follows:

[0118] “The MS shall ihen reselect a suitable (see 3GPP TS 25.304 for UTRAN
and 3GPP TS 36.304 for E-UTRAN) cell of another radio access technology if
the criteria below are satisfied. S_non-serving_XXX is the measurement quantity
of a non-serving inter-RAT cell and XXX indicates the other radio access
technology/mode and is defined as follows:
— for a UTRAN cell, is the measured RSCP value for the cell minus
UTRAN_Qrxlevmin for the cell's frequency;

TDAN ~Anll io tHhn mananaiirn A DOQDD sialiim fr
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UTRAN_Qrxlevmin for the cell's frequency if THRESH_E-
UTRAN_high_Q is not provided, otherwise, if THRESH_E-
UTRAN_high_Q is provided, is the measured RSRQ value for the cell
minus E-UTRAN_QQUALMIN for the cell’s frequency.
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[0120] Cell re-selection to a cell of another inter-RAT frequency shall be
performed if any of the conditions below (to be evaluated in the order shown) is
satisfied.

— The S_non-serving_XXX of one or more cells of a higher priority inter-
RAT frequency is greater than THRESH XXX_high (or, in case of an
E-UTRAN target, THRESH_E-UTRAN_high_Q, if provided) during a
time interval T _re-selection, in that case, the mobile station shall

consider the cells for re-selection in decreasing order of priority and,
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for cells of the same inter-RAT frequency or of inter-RAT frequencies
of equal priority, in decreasing order of S_non-serving XXX, and
reselect the first cell that satisfies the conditions above,

~ the value of S_GSM is lower than THRESH_GSM_Jlow for the serving
cell and all measured GSM cells during a time interval T_re-selection;
in this case, the mobile station shall consider for re-selection the inter-
RAT cells in the following order, and reselect the first one that
satisfies the following criteria:

— cells of a lower priority inter-RAT frequency whose S_non-
serving_XXX is greater than THRESH_XXX_low (or, in case of an E-
UTRAN target, THRESH_E-UTRAN_low_Q, if provided) during a time
interval T_re-selection; these cells shall be considered in decreasing
order of priority and, for cells of the same RAT, in decreasing order of
S_non-serving_XXX;

- if no cells satisfy the crterion above, inter-RAT cells for which, during
a time interval T_re-selection, S_non-serving XXX is higher than
S_GSM for the serving cell by at least a specific hysteresis H_PRIO,
these cells shall be considered in decreasing order of S_non-
serving_XXX.

[0121] A UTRAN FDD cell shall only be reselected if, in addition to the criteria
above, its measured Ec/No value is equal to or greater than FDD_Qmin -
FDD_Qmin_Offset.

[0122] If E-UTRAN_Qmin is provided for a E-UTRAN frequency, a E-UTRAN
cell on that frequency shall only be reselected if, in addition to the criteria above,
its measured RSRQ value is equal to or greater than E-UTRAN_Qmin.

[0123] If THRESH_E-UTRAN_high_Q is provided for a E-UTRAN frequency,
and if E-UTRAN_RSRPmin is provided, a E-UTRAN cell on that frequency shall
only be reselected if, in addition to the criteria above, its measured RSRP value
is equal to or greater than E-UTRAN_RSRPmin. If E-UTRAN_RSRPmin is not
provided, the default value shall be used.
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be considered as candidates for cell re-selection. If the strongest cells on a
UTRAN frequency are included in the list of not allowed cells, the mobile station
may reselect the strongest valid cell (see subclause 8.4.7) on that frequency.

[0125] Cell re-selection to a cell of another radio access technology (e.g.
UTRAN or E-UTRAN) shall not occur within 5 seconds after the MS has
reselected a GSM cell from an inter-RAT cell if a suitable GSM cell can be
found.

i0126] /If the mobile station applies either common priorities or individual
priorities received through dedicated signalling and priorities are available only
for some inter-RAT frequencies, cells belonging to frequencies for which no
priority is available or no threshold is provided by the serving cell shall not be
considered for measurement and for cell re-selection.

[0127]/f a mobile station in ‘camped normally’ state (see 3GPP TS 43.022)

annlias individual nrinrities received fthrounh dedirataend cinnallinay and no nrioritv
applies individual prionties received through dedicated signalling and no priority
is available for the serving cell, the mobile station shall consider any GSM cell
(including the serving cell) to have lowest priority (i.e. lower than the eight

network configured values).

[0128] A mobile station in ‘camped on any cell’ state (see 3GPP TS 43.022)
shall ignore individual prionities received through dedicated signalling and shall
apply priorities received from the system information of the serving cell while
attempting to find a suitable cell. If the mobile station supports CS voice
services, the MS shall avoid reselecting acceptable (but not suitable) E-UTRA
cells regardless of the priorities provided in System information.

101291 NOTE 4: If the MS is camping on an acceptable cell, individual
priorities are not discarded until an event leading to their deletion occurs.”
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[0130] If a cell supports priority-based re-selection according to section 6.6.6 of
the 45.008 specification, it will transmit to an MS camped on the cell a list of its
neighbouring cells — the 'neighbour cell list' (this may identify individual cells, or
frequencies on which neighbour cells operate, or both). Along with the list, a
System Information Type 2quater (Sl2quater) message may indicate a
parameter applicable to one or more cells in the list, referred to as
UTRAN_Qrxlevmin in the excerpt above. This parameter of the candidate cell,
which is broadcast in the serving cell, i.e. the UTRAN_Qrxlevmin, is expected in
normal operation to be closely related to the corresponding RSCP threshold sent
by the respective cell(s) as used in the suitability check. As such, this parameter
allows the MS to identify if the cell meets an RSCP-based criterion without
power intensive decoding and evaluation of system information broadcast by the
candidate cell unless that criterion is met.

[0131] However, support for priority-based re-selection remains optional for non-
LTE capable devices. For LTE capable devices priority based re-selection must
be used. Moreover, priority-based re-selection is not supported in any pre-
Release 7 devices. In addition, there is the possibility that priority-based re-
selection is not applicable in the serving cell, for example if the cell is a GERAN
cell. It is quite possible that operators will not upgrade GERAN networks to
support priority-based re-selection, even when LTE is deployed, especially near
the edges of LTE coverage. Therefore, while LTE cells or UTRAN cells most
likely will support priority-based re-selection, overlapping or nearby GSM cells
may not. A device supporting priority-based re-selection is required to use the
old 6.6.5 rules, i.e. re-selection according to the ranking algorithm, in such a
case. In this scenario the problems described above are applicable; in that an
MS may remain camped on a GSM cell longer than is appropriate when a UMTS
or LTE capable cell is available but the MS does not consider it to be suitable or
power intensive system information reception and decoding are required.

[0132] The priority-based re-selection (PBR) RSCP threshold parameter
broadcast in the serving cell is optional and is set up in the network
configuration. The parameter is likely to be (or correlate with) the minimum
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required measured RSCP level. Additionally, the PBR parameter may be
broadcast as a specific value and associated with one or i
signalled frequencies, or may be broadcast as a 'default’ value to be used with
cells of frequencies not explicitly signalled together with the parameter value.
The parameter is applicable only to cells which operate on the same frequency
associated with the parameter. The default value only applies to frequencies in
the neighbour cell list. An example of a broadcast default parameter is the
DEFAULT_UTRAN_QRXLEVMIN parameter encoded within the 3G Priority
Parameters Description Struct; an example of an parameter associated with
explicitly signalled frequencies is the UTRAN_QRXLEVMIN parameter encoded
within the Repeated UTRAN Priority Parameters struct (see 3GPP TS 44.018
v.10.3.0). If no parameter is broadcast in the cell, the algorithm specifies a vaiue
to be used, i.e. as the UTRAN_Qrxlevmin. The PBR parameter may not have
been broadcast in the cell due to network configuration or may not have been
received fully by the MS.

[0133] For the purposes of this discussion, a network comprising three cells may
be considered, although it will be understood that this is only an example and
y be
equally utilised with the present disclosure. In the examples described, unless
indicated to the contrary, a first candidate cell, cell A, is @ UTRAN cell. Another
cell, cell B, is the cell currently serving the MS and is a GERAN cell. Another
cell, cell C, is second candidate cell and is also a UTRAN cell. Although GERAN
and UTRAN cells are used in this description, it should be understood that any
RAT can be implemented by each cell, however, for the purposes of the
disclosure, cells A and C should be implementing the same RAT.

[0134] As described, referring to the above nomenclature, when an MS is
connected to, or as it is known, camped on, celi B (the serving cell), the MS may

A_.._..—.,...A_. Tl T P et N T T = ==V e s

[0135] During GSM to UMTS or LTE cell re-selection, the existing 3GPP TS
45.008 section 6.6.5 described above, i.e. re-selection according to a ranking
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algorithm, mandates the storage and, in some cases, usage of previously
received suitability requirements for UTRAN FDD cells.

[0136] The 45.008 specification refers to "equivalent PLMNs", which may
include the registered PLMN (generally, these procedures are agnostic to which
PLMN is being considered as long as it is within the list of equivalent PLMNs -
PLMNs in this list are "regarded as equivalent to each other for PLMN selection,
cell selection/re-selection and handover”; TS 23.122 sub-clause 4.4.3). The text
goes on to indicate that these values are cleared on PLMN selection; however,
re-selection between different equivalent PLMNs is not considered PLMN
selection.

[0137] This may lead to a scenario where, for example in national roaming
scenarios where two operators' PLMNs are set as equivalent to each other,
suitability criteria from one roaming partner are applied to a cell of a second
roaming partner (or the home or serving PLMN). The use of equivalent PLMNs
is up to the operator(s) to determine and the scope of these problems is not
limited to how or why equivalent PLMNs are used, or whether they are used at

all.

[0138] More importantly and more generally, there is a potential that if threshold
criteria for a cell or category of cells (such as those operating at a particular
frequency) are different from those for another cell or category of cells (such as
those operating on another frequency, either on the same PLMN or on a
different, equivalent PLMN), then the behaviour of the mobile station will vary
considerably depending on stored requirements, which may in turn depend on
the most recent UTRAN cell from which it received (and stored) the
requirements.

[0139] More specifically, one could consider an exemplary scenario, where an
operator wishes that devices in idle mode camp on cells of one frequency, and
devices in connected mode (i.e. with active ongoing data / voice calls) operate in
cells of a different frequency. The operator may attempt to achieve this by
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discouraging (to the point of making it practically impossible) idle mode re-
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criteria.

[0140] According to the existing rules, the UE may store and apply these same
criteria (which it decoded as part of an attempt — most likely unsuccessful — to
reselect to a cell on the first frequency) when evaluating a UTRAN cell on any
frequency, including to celis on the second frequency where idle mode re-
selection is not intended to be restricted.

i0141] Since the stored criteria are very unlikely to be met, the MS will not

attempt re-selection (noting that the MS may abandon re-selection at this stage,
without reading the system information of the target cell and therefore without
being able to determine that, in actual fact, the suitability criteria would be met

for this cell).

[0142] This problem could restrict 2G to 3G cell re-selection potentially causing
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intended). In some cases the device can move to 3G only either if power is
turned off or PLMN re-selection happens (see 3GPP TS 23.122).

[0143] In the case of priority-based re-selection, considering the exemplary case
where a mobile has stored very stringent criteria from one cell, this may make it
inappropriately abandon evaluation of a second cell as part of the priority-based
re-selection, even though all the (correct) criteria to permit re-selection

evaluation are available in the serving cell.

[0144] In addition to the above scenarios, further issues are created by the use
of Closed Subscriber Group (CSG) cells. Home NodeB (HNB), Home eNB
(HeNB) or femtocell are concepts introduced for UMTS and LTE (E-UTRAN) to
improve indoor and micro-cell coverage as well as to leverage wireline backhaul
to the ‘home’. Note that "femtocell” is widely used outside of 3GPP to mean any
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cell with a very small coverage, and typically installed in a private premises
(either private or corporate). The terms HeNB/HNB are used in 3GPP with
specific meanings i.e. that the cell is a Closed Subscriber Group (CSG) celi, or
hybrid cell.

[0145] An important aspect of HeNB/HNB functionality is the ability to restrict
access to particular users. For example, to employees of the company on whose
site the H(e)NB is deployed, to customers of a particular coffee shop chain, or
(in the case of H(e)NBs deployed in private homes) to individuals.

[0146] To achieve this functionality, 3GPP has defined the concept of a Closed
Subscriber Group. A CSG cell is one which indicates that it is a CSG cell (by
means of 1 bit broadcast in the system information) and broadcasts a CSG ID
(also in system information). A cell can only indicate one (or none) CSG IDs,
however multiple cells may share a CSG ID. A device (UE or MS) may be
subscribed to multiple CSGs. Such subscriptions may be temporary in nature
(e.g. a coffee shop allows a customer 1 hour's access to its CSG).

[0147] CSG cells are a specific category of cells, which may be used as “femto”
cells or to provide uncoordinated (i.e. not subject to normal radio planning as is
used for "macro” cells) coverage or both. They may be limited to users with
specific subscriptions (e.g. associated with an employer, school/university,
coffee shop etc.)

[0148] The term "macro" cell, while not having significance in 3GPP
specifications, is widely used to mean a cell other than a CSG cell and is used

accordingly in this description.

[0149] A CSG cell may operate using UTRAN or E-UTRAN protocols and radio
specifications, and may operate on the same or a different frequency to non-
CSG cells.
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[0150] UMTS CSG cells will not be listed in the neighbour cell lists of non-CSG
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for such cells. Should such a device attempt to access a CSG cell, its

registration attempt will be rejected.

[0151] E-UTRAN is specified first in Release 8 and therefore all E-UTRAN
capable devices will necessarily be "CSG-aware" devices, even if they have no
CSG subscription.

[0152] Re-selection criteria for these celis are different. It is simply required that
the cell is suitable, the strongest on the frequency, and accessible to the device
(e.g. it has a subscription to the ceii).

[0153] Generally, network operators are keen that devices which have a
subscription to a CSG cell camp on that cell in preference to a non-CSG cell.
However, the determination by the device to search for CSG cells is
implementation-specific, and may be manually triggered. It is expected that

devices will store some information (such as GPS coordinates, a list of macro

(
ondin
able to access and use this to speed up subsequent accesses - this is referred

to as 'fingerprinting'.

[0154] The decision of which target cell to camp on is also dependent on the cell
selection and re-selection rule defined for UTRAN and E-UTRAN. Currently, in
Release 8, it is specified that a UE may re-select to a cell only if it is the best cell
(i.e. the cell with the strongest signal strength) of any cells using its particular
carrier frequency. It is also specified that while the UE is camped on a suitable
CSG cell, the UE shall always consider the current frequency to be the highest
priority frequency.

[0155] Idle mode re-selection away from CSG cells towards a non-CSG cell
follows legacy behaviour for re-selection to such cells. However, no parameters
for cell re-selection to CSG cells are likely to be available in the serving ceill, and
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therefore there is no hint to the device as to what the criteria might be (as there
is in the case of priority-based re-selection, as described above). Furthermore,
these cells are likely to be configured to provide very limited coverage, meaning
that their suitability requirements may be relatively stringent, compared with non-
CSG cells. Storing suitability requirements from CSG cells and using them on
non-CSG cells (or vice versa) may result in either very infrequent re-selection
attempts (because the stored criteria are very high), or drained battery life (if
cells are incorrectly determined to meet the suitability requirements prior to
reading the system information of the candidate cell). Even amongst CSG cells,
different cells may have very different requirements.

[0156] CSG cells may be identifiable as such based on only their physical layer
identities (frequency, physical layer identity, primary scrambling code, etc.) —
either because they operate on a dedicated frequency, or because the range of
physical layer identities is transmitted in the network.

[0157] Hybrid cells (introduced in Release 9) are yet a further category of cells
that may have different suitability requirements from non-hybrid cells.

[0158] In E-UTRAN, neighbour cell lists are not explicit i.e. they do not positively
identify cells: they simply indicate a frequency and, optionally, a list of "Not
Allowed" (blacklisted) cells that mobiles should not attempt to access. Devices
are expected to detect cells on a frequency by blind searching. However, this
may lead to a significant problem in the case where many of the detected cells
are CSG cells. In order to minimize unnecessary processing of such cells by
devices which have no CSG subscription, the network may optionally indicate
the "PCI split" applicable to CSG cells, that is, the set of physical layer cell
identities/identifiers that are reserved for CSG cells.

[0159] The PSC split is the analagous indication for UMTS cells, in case an
operator does list CSG cells in the neighbour cell list.
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[0160] There has also been discussion of using a PCI/PSC split to distinguish
between hybria cells and non-hybrid cells.

[0161] [t is worth noting that CSG cells may have significantly different criteria
for re-selection (compared with other, non-CSG cells, or possibly even
compared to other CSG cells) and that they may be identifiable as being CSG
cells without the need for decoding of broadcast system information (e.g. based
o physicai layer parameters. frequency / PSC / PCI etc.), as is described
above.

[0162] There currently exists no solution to resolve the problems identified and
described above.

Example of the present disclosure

[0163] In accordance with the present disclosure, it is proposed that threshold
criteria decoded from cells are selectively stored and used in order that the
evaluation of candidate cells be efficient and more accurate than present
solutions.

[0164] It is proposed and described by way of exemplary implementation, that
storage and usage of stored suitability requirements discriminates between cells
(or classes of cells) that can be discriminated at the physical layer, for example
where physical layer addresses (or ranges thereof) and/or operating frequencies
are used to distinguish categories of cells. In this way, an MS can discriminate
stored suitability requirements according to a class of cell or an individual cell
without having to establish a communication channel on that cell. In one
example, requirements are used according to the frequency of the cell or the
identity of the cell. In one example, CSG cells versus non-CSG cell
requirements is an exemplary discrimination (CSG cells are likely to use a
dedicated range of physical layer addresses, which may be either PCl (E-
UTRAN cells) or PSC (UTRAN cells)). Additionally, usage of stored parameters
may be restricted to individual CSG cells (i.e. can only be used in evaluating the
same cell as that from which they were received).
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[0165] Additionally, previously stored suitability requirements (which may have
been obtained as a result of ranking-based re-selection) shall not be used when
evaluating cells according to priority-based re-selection rules. This may be
dependent on whether the corresponding (signal quality/signal strength)
parameters are available in the current serving cell. The network may be
configured not to send these parameters, i.e. the parameters may not be
included in the system information of the current serving cell.

[0166]In a first embodiment, threshold criteria are stored and used in
accordance with the frequency of the applicable cell. For example, threshold
parameters are stored on the device and linked with the frequency of the cell
from which they were decoded. These parameters are then only to be used
when evaluating cells of that frequency. In this way, network defined
configurations of cells having particular frequencies are prevented from causing
an MS to remain camped on a cell incorrectly. In a further example, for priority-
based re-selection, threshold criteria may be stored and re-used on a per-priority
level basis

[0167] As llustrated in Figure 4, storage and usage of stored suitability
requirements may be on a per frequency basis. In other words, requirements
decoded from a cell on frequency A are used only for evaluation of other cells on
the same frequency.

[0168] The illustrated process begins with the MS being camped on a serving
cell. In this description, the serving cell may be described as 'cell B'. The
serving cell may be of any RAT, but in this example, it may be considered as a
GSM cell for convenience. It is irrelevant whether the MS camped on the
serving cell by using cell re-selection or cell selection. Optionally, the MS will
acquire the UMTS or LTE neighbour cell list. This may be broadcast in the
serving cell or may be acquired otherwise (step 404). The re-selection
parameters may be decoded from the neighbour cell list (step 406).
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[0169] Once these optional steps have been performed, the MS may then
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The MS then acquires measurements of the identified cell to identify
characteristics of the cell such as signal strength, signal quality or signal power
(step 408). It will be understood that the steps may be carried out in any
particular order. In a specific example, it may be envisaged that the
measurements are performed for all cells in the list before a candidate cell is
identified.

[0170] Once a candidate cell has been identified and measurements of that cell
have been performed, the MS determines if the cell meets initial re-selection
requirements (step 410). This test may be based on the parameters decoded
from the serving cell in the neighbour cell list. If the cell is deemed not to meet

these initial re-selection requirements, then the MS will remain camped on the
serving cell and will not continue the re-selection process.

[0171] If the MS determines that the cell meets the initial re-selection criteria,
then the MS will check if it has any stored criteria related to suitability previously

from the system information of a cell when evaluating the cell's suitability. If the
MS has criteria stored, the MS will then determine if the criteria is from a cell
having the same frequency as the candidate cell (step 414). The criteria must
have been decoded from the system information of a cell operating on the same
frequency as the candidate cell. To enable this, the MS may be required to
maintain an indication of the frequency of the cell the criteria was determined
from, in association with the criteria in the data store. In this description, the
candidate cell may be referred to as 'cell C' for convenience.

[0172] If the parameters are determined to be from a cell having the same
freaUBNEY ~ '
appropriateness for re-selection (step 416). The stored criteria, from a previous
suitability check, is used to determine if the cell meets these requirements. In
one example, the measurements performed by the MS are used {o determine if
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the cell meets a particular threshold. If the candidate cell does not meet or
exceed the requirements based on the stored parameter, for example the
characteristics of a signal received by the MS from the cell do not exceed the
threshold indicated by the parameter, the process stops and the MS remains
camped on the serving cell. It should be noted that the attribute(s) of the signal
may have to exceed the threshold by a predetermined amount, which may for
example be 0dB or +10dB. The parameter may be the minimum receive level,
the QRXLEVMIN value.

[0173] Conventionally, a stored Qrxlevmin value may have a range of -115 to -
24dBm, and there is no default value, since its inclusion in the 3G cell's system
information is mandatory. Qrxlevmin may be a suitability parameter for that cell.

[0174] Pcompensation is a further suitability parameter derived (at least partly)
from one or more parameters broadcast in the cell also currently referred to in
Section 6.6.5 of the 45.008 specification. Its value is most likely to be 0dB.

[0175] If, based on the parameter, it is determined that the candidate cell meets
or exceeds the requirement then the MS may go on to further evaluate the cell in
the known manner, for example, by tuning to the frequency of the cell and
evaluating it using decoded data. If the MS does not have stored criteria
available (step 412) or if the MS does not have stored criteria obtained from a
cell having the same frequency as the candidate cell (step 414), then this
decoding is performed.

[0176] Optionally, before acquiring the system information of the candidate cell
to decode suitability parameters at step 418, not shown is that the MS may
evaluate the candidate cell using default parameters which are not explicitly
signalled. In one example the default parameter is a predetermined amount and
is specified in the re-selection specification. If the candidate cell does not meet
the requirements based on this default parameter, the MS does not continue
with the re-selection and the MS remains camped on the serving cell. If the MS
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does meet these requirements based on the default parameter, the MS

[0177] In the illustrated example, at step 418, the MS may acquire the system
information of the candidate cell. To do this, the MS may establish a
communication channel on the cell and tune to its frequency. The system
information may be in the form of a System Information Block (SIB) and may be
obtained by tuning to the frequency of the cell and establishing a communication
channel on it. The system information is generic and may be derived from other
blocks than the SIB referred to throughout the present disclosure. The MS wili
then decode the system information to acquire suitability parameters and
evaluate the ceil based on these parameters (step 420). if it is determined that
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measurements previously performed in addition to the decoded parameters, the
MS may camp on the candidate cell and perform re-selection to it (step 424). If
the MS is deemed to be unsuitable, the MS will remain camped on the serving
cell.

[0178] Additionally and o
the MS has camped in the new cell (not shown). This registration update may
explicitly notify the network that the MS has re-selected to a new cell or new
registration area. Additionally and optionally, data may be transmitted and
received to and from the network in the new cell (not shown). The registration
update step (not shown) may include for example a routing area update, location
update, combined routing area update or similar. For further information
regarding registration updates please see the 3GPP TS 24.008 specification,
“‘Mobile radio interface Layer 3 specification; Core network protocols; Stage 37,
which is incorporated herein by reference.
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is camped on a 3G cell 504, the RSCP suitability criterion parameters are stored
according to the frequency of the cell. This store 506 may contain multiple
parameters and frequencies. As shown, when performing 2G to 3G celi re-
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selection, i.e. from cell 502 to cell 504, the stored information is used on a per-

frequency basis.

[0180] In order to effect the above example, it may be advantageous for an MS
to maintain a list of frequencies and threshold parameters. For example, for
every cell having a new frequency encountered, the threshold parameters for
that frequency are stored. Additionally, each time new threshold parameters are
decoded from a cell having a particular frequency, the stored criteria can be
replaced. This may occur, once the MS has decoded the system information of
a cell (step 420) if the cell previously met the criteria (step 616).

[0181] In another embodiment, instead of being stored and used on a per-
frequency basis, each threshold parameter may be used only on a per-cell
basis. Figure 6 illustrates this example. At step 602, the MS is camped on the
serving cell. The MS may first receive a neighbour cell list from the serving cell
(step 604). The MS may then decode certain re-selection parameters from the
neighbour cell list broadcast by the serving cell (step 606). The MS then
identifies a candidate cell and performs measurements of it, such as signal
strength, quality or power (step 608). If the cell does not meet the re-selection
requirements, the MS remains camped on the serving cell. If the candidate cell
does meet the re-selection requirements (step 610), the MS goes on to check if
it has any stored criteria available (step 612). If there are no stored criteria
available at all, the MS continues with the re-selection process and tunes to the
frequency of the cell to decode system information.

[0182] The MS then checks if there any stored criteria available which were
obtained from a cell having the same cell_ID as the candidate cell (step 614). If
there are no applicable stored criteria, i.e. none were obtained from a cell having
the same cell_ID as the candidate cell,, the MS continues with the re-selection
process and tunes to the frequency of the cell to decode system information.

[0183] The cell_ID may be the scrambling code of the cell or may be another
identifier of the cell. The cell_ID need not be globally unique but may be locally
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unique. The identifier used to differentiate between cells in this particular
example is an identifier that can be derived
layer identifier, such that the candidate cell can be identified without having to
decode system information of the cell. Examples of such locally unique
identifiers (that can be derived from the physical layer) include the ‘physical layer
cell identifier of an E-UTRAN cell and the ‘primary scrambling code’ of a UTRAN

cell.

[0184]In this way, criteria can only be applied to the cell from which it was
obtained. This obviates the limitations of conventional re-selection where an MS
may be 'stuck’ unnecessarily. Battery life is still minimised, when compared to
the known storage methods and where no parameters are stored, since an MS
will not be tune t

parameters; once is enough for them to be stored and re-used (for example,
they may be re-used if the measurements change).

[0185] If the MS has stored criteria obtained from a cell having the same cell_|D
as the candidate cell, the candidate cell is checked against these criteria (step

remains camped on the serving cell.

[0186] Optionally, before acquiring the system information of the candidate cell
to decode suitability parameters at step 618, not shown is that the MS may
evaluate the candidate cell using default parameters which are not explicitly
signalled. In one example the default parameter is a predetermined amount and
is specified in the re-selection specification. If the candidate cell does not meet
the requirements based on this default parameter, the MS does not continue
with the re-selection and the MS remains camped on the serving ceil. if the MS
aoes

continues with the re-selection process.
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[0187] The MS will then, if the conditions described above are met or not as the
case may be, tune to the frequency of the candidate cell and acquire system
information (step 618). The suitability of the cell for re-selection is then
evaluated based on parameters decoded from the system information (step
620). If the cell meets the suitability requirements (step 622), the MS may camp
on the cell (step 624). [f it does not, the MS may remain camped on the serving
cell (step 602). The MS may maintain a cell-parameter list, such that for each
cell_ID, the latest parameters decoded are stored and replaced. In this way,
each time stored criteria is used, it is most likely to be as accurate as possible

for that cell.

[0188] In a further example, Closed Subscriber Group cells (CSG) cells may be
treated differently to non-CSG cells. In the known algorithms, there is no
discrimination as to the parameters which can be applied to and retrieved from
these cells. In one embodiment, in a similar manner to that described above, a
parameter may be stored separately if it has been decoded from a CSG cell.
This parameter may then only be applied to cells which are also CSG cells. In
an additional example, the stored CSG criteria may only be applied to CSG
candidate cells operating on the same frequency as the cell from which the
criteria was obtained. Further, the stored CSG criteria may only be applied to
CSG candidate cells having the same ID as the cell from which the criteria was
obtained. In this way, the fact that a CSG cell may have significantly different re-
selection criteria does not hamper non-CSG cell re-selection; since CSG
parameters are not stored and used against non-CSG cells and CSG
parameters are only applied against CSG cells.

[0189] Figure 7 illustrates this example, in which parameters are applied only to
CSG cells only if they are derived from a CSG cell. At step 702, the MS is
camped on the serving cell. The MS may first receive a neighbour cell list from
the serving cell (step 704). The MS may then decode certain re-selection
parameters from the neighbour cell list broadcast by the serving cell (step 706).
The MS then identifies a candidate cell and performs measurements of it, such
as signal strength, quality or power (step 708). The candidate cell is a CSG cell.
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If the cell does not meet the re-selection requirements, the MS remains camped
ell d
(step 710), the MS goes on to check if it has any stored criteria available (step
712). If there are none, the MS continues with the re-selection process and
tunes to the frequency of the cell to decode system information.

[0190] The MS then checks if stored criteria are available which were obtained
from a CSG cell. (step 714). If not, the MS continues with the re-selection
process and tunes to the frequency of the cell to decode system information.

[0191] If the MS has stored criteria obtained from a CSG cell, the candidate
CSG cell is checked against these criteria (step 716), for example, using the
measurements performed in step 708, If the test is successful, the MS

continues with the re-selection process. If it is not, the MS remains camped on
the serving cell.

[0192] The MS will then, if the conditions described above are met or not as the
case may be, tune to the frequency of the candidate cell and acquire system

information (step 718). The suitability of the cell for re-selection is then
evaluated based on parameters decoded from the system information (step
720). If the cell meets the suitability requirements (step 722), the MS may camp
on the cell (step 724). If it does not, the MS may remain camped on the serving

cell (step 702).

[0193] Opticnally, before acquiring the system information of the candidate cell
to decode suitability parameters at step 718, not shown is that the MS may
evaluate the candidate cell using default parameters which are not explicitly
signalled. In one example the default parameter is a predetermined amount and
is specified in the re-selection specification. If the candidate cell does not meet
the requir
with the re-selection and the MS remains camped on the serving cell. If the MS
does meet these requirements based on the default parameter, the MS

continues with the re-selection process.
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[0194] Figure 8 illustrates a storing process according to the present disclosure.
In Figure 8, the step of stopping the process if the cell is a CSG cell is only
applied where parameters from CSG cells are not stored or reused.
Additionally, the step of deleting previously stored parameters is optional.
Although this illustrates storage of CSG criteria, the illustration is also applicable
to non-CSG cells storing frequency or identity specific parameters, whereby the
criteria for storage of the parameters is altered as required.

[0195] With the MS camped on a serving cell (step 802), the MS may decode
system information of a cell (step 804). The cell, referred to here as 'cell A" may
be a candidate cell which the MS has previously evaluated or may be any other
cell. In a known manner, the MS may evaluate if the cell which the parameters
are decoded from, cell A, is of the same or an equivalent PLMN as the serving
cell (step 806). If it is not, the parameters may not be stored and the process
may stop (step 806). If it is, the process may continue. This ensures that
unnecessary parameters are not stored and the network may be able to control
the configuration of the stored parameters. Next, in accordance with the present
example, the MS will check if the parameters are derived from a CSG cell (step
810). If they are, then the process will stop and the parameters will not be
stored (step 812). This is merely one example of the present disclosure. Other
examples are described herein where the parameter is stored independently of
the non-CSG parameters and the CSG parameters are used only to evaluate
CSG cells.

[0196] In accordance with an earlier described example, the MS may then
identify the frequency of the cell from which the parameters were derived (step
814). The suitability criteria decoded from the system information are then
stored by the MS and associated with the frequency of the cell for subsequent
use (step 816). Any previous parameters associated with the frequency of this
cell, i.e. F_A, may then optionally be deleted (step 818). The process may then
be finished (step 820). The above storing process is equally applicable to the
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process of storing parameters in association with a cell's unique identifier or any
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[0197] In a further example, it is contemplated that cells may broadcast a "do not
store" flag to indicate that the MS shall not store parameters for that cell. This
may be useful for, for example test cells, which may have very particular or
unique settings. Alternatively, there may be some implicit indication or definition
of cells for which parameters should not be stored at all, for example, one or
more of the CSG cells as illustrated in Figure 8, barred cells or cells where a
particular reject cause was received.

[oX

{0198] Stored values may aiso be subject to timer expiry, to ensure that store

permanently restrict re-selection.

[0199] Replacement of stored values by more recently received values may also
be restricted based on:
- the absolute value of the decoded values

some difference).

[0200] This may be useful to prevent storage of obviously very restrictive
parameters or unusual parameters, or to generally ensure that the most
optimistic values are stored to avoid the device incorrectly abandoning re-
selection evaluation based on stored parameters.

[0201] The parameters stored by the MS may have been obtained through idle
mode re-selection or may alternatively have been obtained in connected mode
or through some other method. it is described that the parameters are obtained

AAAAAAAAAA SR P I ey 1 Lulon  mom P
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a cell. This need not always be the
case, for examp!e the parameters could be broadcast separately from system
information. Other methods of obtaining and storing the parameters to those
described above are envisaged.
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[0202] Figures 10 to 14 illustrate certain examples of the present disclosure. Of
course it is envisaged that any of these described examples can be combined.
Figure 10 illustrates an MS which first reads the System Information Block (SIB)
of a first UTRAN Cell 1. The Qrxlevmin parameter is stored on the MS and
associated with the Frequency, FREQ1, of UTRAN Cell 1 where the parameters
came from. The MS remains on the GSM serving cell, perhaps because Cell 1
is not appropriate for re-selection; however the reason is irrelevant. The MS
then evaluates UTRAN Cell 2 for re-selection. If the frequency of Cell 2,
FREQ?2, is equal to FREQ1, then the MS uses the stored Qrxlevmin value to
evaluate Cell 2. Not shown is that, if the evaluation is successful, the MS will re-
select to Cell 2 or alternatively, the MS will continue or complete the re-selection
process towards Cell 2 because it may not be conclusive after this test that re-
selection will be successful. Also not shown is that if the frequencies are not
equal, the evaluation is performed without the stored parameter.

[0203] Figure 11 illustrates an MS which first reads the SIB of a first UTRAN Cell
1. The Qrxlevmin parameter is stored on the MS and associated with the
identity, ID1, of UTRAN Cell 1 where the parameters came from. The identity
ID1 may, for example, be the scrambling code. The MS remains on the GSM
serving Cell. The MS then evaluates UTRAN Cell 2 for re-selection. If the
Cell_ID of Cell 2, ID2, is equal to ID1, then the MS uses the stored Qrxlevmin
value to evaluate Cell 2. Not shown is that, if the evaluation is successful, the
MS will re-select to Cell 2. Also not shown is that if the Cell_IDs are not equal,
the evaluation is performed without the stored parameter.

[0204] Figure 12 illustrates an example of the present disclosure relating to CSG
cells. The MS first decodes the System [nformation Block (SIB) of a first UTRAN
cell. The MS stores the Qrxlevmin as the cell is a UTRAN cell and not a CSG
cell. The MS then decodes the SIB of a CSG cell (which may also be a UTRAN
cell). In this example, the Qrxlevmin is not stored since the cell is a CSG cell.
The MS then evaluates the UTRAN cell for re-selection. The MS uses the
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[0205] Figure 13 illustrates another example of the present disclosure relating to
CSG cells. The MS reads the SIB of a first CSG Cell 1 and decodes the SIB.
The MS then stores the Qrxlevmin and associates it in its data store with an
indication that the parameter was obtained from a CSG cell. The MS remains
camped on the serving cell, in this case a GSM cell. The MS then evaluates a
second CSG Cell 2 for re-selection using the stored Qrxlevmin value since Cell 2
is a CSG cell.

{0206] Figure 14 illustrates another example of the present disclosure. Th

e MS
is camped on a GSM cell. The MS reads and decodes the SIB of a first CSG

1\.4 (SN

-

(

Cell 1. The MS then stores the Qrxlevmin and associates it in the data store
with an indication that the cell is a CSG Cell and the Cell_ID of the cell, ID1,
from which the Qrxlevmin is derived. The MS remains camped on the GSM Cell.
The MS then evaluates a second CSG Cell 2 for re-selection using the stored
Qrxlevmin only if the cell is a CSG cell and the Cell_ID of the second cell, 1D2,

considered jointly as described above, for example, the CSG cell may be
evaluated using stored parameters only if the frequency and the Cell_ID of the
cell from which the parameters were obtained are the same as those for the
candidate cell.

[0207] A specific exemplary implementation of an example of the present
disclosure will now be described. In a multi RAT system, whenever the UE
attempts to camp on a UTRAN FDD cell (and/or is camped on the cell, and/or
has any other reason to read the SIB of a UTRAN FDD cell) it decodes the
RSCP criterion parameters from SiBs and stores it for future use. The UE may
) U
moves to 2G, the UE can start applying the stored s Jltabil!fy criteria parameters
for 2G to 3G cell re-selections towards all UTRAN FDD cells configured on the
frequency for which last information was stored.
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[0208] Currently only the RSCP criterion is stored and used in the system but
with this change the UE needs to store the frequency associated with RSCP
criterion. The UE may have to maintain a list of frequency and associated RSCP
criterion parameters. If the UE subsequently reads the SIB of another UTRAN
FDD cell operating on a frequency for which it has stored suitability parameters,
then it may replace the stored values with those from the SIBs it has just read.
The list will get cleared after PLMN selection (see 3GPP TS 23.122).

[0209] The present disclosure reduces the chances of a device being stuck in
2G in certain configurations, provides improved flexibility to operators in
configuring suitability criteria (since these will only be used for other cells of the
same frequency) and allows 2G to 3G cell re-selection to non "restricted"
frequencies of the PLMN in the case where certain frequencies are "restricted"
by means of high suitability thresholds.

[0210] Considering the scenario of cells A, B and C described above, where cell
B is the serving cell, cell A is a cell from which parameters have previously been
decoded and cell C is the current candidate cell, the parameters associated with
Cell A may be:

PLMN ID (referred to as PLMN_A],

Frequency, [F_A]

Physical layer address (PCI/PSC) [P_A] or

Whether it is a CSG cell [isCSG_A].
These parameters may all be determined by decoding the system information
(SIB) of cell A. The system information is generic and may be derived from
other blocks than the SIB referred to throughout the present disclosure. The
PLMN rules in these examples are merely exemplary and are not necessary to
the present disclosure. They are an additional, independent constraint.

[0211] The parameters associated with Cell B, which is the serving cell in this
exemplary scenario, may be:
PLMN ID, [PLMN_B]; or
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[Frequency, Physical layer address (PCI/PSC) which is relevant only if

he same RAT as Celis AC |
[0212] The parameters associated with Cell C may be:

Frequency, [F_CJ;

Physical layer address (PCI/PSC) [P_C];

Whether it is a CSG cell [isSCSG_C] — This may only be determinable
either based on F_C, or, based on P_C and knowledge of the range of physical
layer addresses reserved for CSG cells; or

[PLMN_C which may not be known at the time when the initial evaluation
of radio signal quality/strength is carried out].

and PLIVIN_B are equivalent.

[0214] One of the examples of the disclosure is to modify this rule to be that
parameters from Cell A can be used to evaluate Cell C if

[0215] Considering another example, illustrated in Figure 8, taking into account
CSG cells, this can be expressed as: Parameters from Cell A can be used to
evaluate Cell C if

iy PLMN_A = PLMN_B or PLMN_A and PLMN_B are equivalent, and

i)F_A=F_C, and

i) neither Cell A nor cell C are CSG cells (i.e. isSCSG_A = False and
isSCSG_C = False) '

@
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Parameters from Cell A can be used to evaluate Cell C if
i) PLMN_A = PLMN_B or PLMN_A and PLMN_B are equivalent, and
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i)F_A=F_C, and
i) both Cell A and cell C are CSG cells (i.e. isCSG_A = True and
isCSG_C =True)

[0217] A further example relating to CSG cells (which, in effect, states that cells
A and C must be, with high probability, the same cell), can be expressed as the
above conditions in addition to:

ivyP_A=P_C

[0218] Further modifications to the above rules can be considered, to address
the case where different (but equivalent) PLMNs have different re-selection
criteria, by modifying rule i) in each or any combination of the cases above to:

i) PLMN_A =PLMN_B

[0219] In a further example of the present disclosure, previously stored suitability
requirements (which may have been obtained as a result of ranking-based re-
selection) shall not be used when evaluating cells according to priority-based re-
selection rules. In a priority-based re-selection algorithm, threshold parameters
may be broadcast in the serving cell, as described above. In the present
example, the restriction on the use of stored suitability parameters may be
dependent on whether the corresponding (signal quality/signal strength)
parameters are available in the current serving cell, for example, broadcast by
the cell. This is not always the case.

[0220] Figure 9 illustrates this particular example. The process may optionally
begin with an MS attempting re-selection to a 3G cell. The MS receives the
System Information Blocks (SIBs) from the 3G cell (step 904) and then decodes
and stores the Received Signal Code Power (RSCP) criteria parameters (step
906). The MS may then evaluate a candidate 3G cell using the priority-based
re-selection rules in the known manner (step 908).

[0221] Conventionally, the MS will then evaluate the candidate cell against
stored RSCP criteria (step 912) and, if the cell does not meet the criteria based
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on the stored RSCP parameters (step 914), the process will stop and the MS will

t re-select to the cell (step 916). If the candidate cell does meet the criteria
),
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(step 914), then the cell will be evaluated to see if it meets the priority-based re-
selection criteria, as stated in section 6.6.6. of the 45.008 specification.

[0222] According to the present disclosure, however, the steps covered by the
area marked 910, are not to be carried out. According to the present disclosure,
in a priority-based re-selection algorithm, the candidate cell is not to be
evaluated using stored threshold criteria. These criteria may have been
obtained as part of a ranking-based algorithm and by decoding system
information from another cell, or the same cell.

using the priority-based re-selection rules (step 908), it then determines if the
candidate cell meets the priority-based re-selection criteria regardless, or
irrespective, of any stored parameters (step 918). If the cell does not meet the
criteria, the evaluation ends and the MS does not re-select to the cell (step 916).
If the candidate cell does meet the re-selection criteria in accordance with the

[0224] In this way, the priority-based re-selection algorithm is not hampered by
incorrect parameters, which may have been stored during ranking-based re-
selection. If the parameters are broadcast by the serving cell, they would remain
the primary criteria to be used in priority-based re-selection. If parameters are
not broadcast, then the MS should determine the appropriateness of the celi for
re-selection without using stored parameters which may be untrustworthy.

[0225] Figure 15 illustrates an MS which first reads the System Information
[ ENEN
LDIVULA \

only ranking algorithms are used for re-selection to UTRAN cells. The

[»

Qrxlevmin parameter is stored on the MS. The MS may perform re-selection
from the GSM cell 1 to a second GSM Cell 2. The GSM Cell 2 supports priority-
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based re-selection. From the GSM Cell 2, the MS may evaluate the UTRAN cell
using priority-based re-selection. When performing the priority-based
evaluation, the MS will not use the stored criteria that were obtained from the
UTRAN cell during the ranking algorithm. Not shown is that, if the evaluation is
successful, the MS will re-select to the UTRAN Cell.

[0226] An exemplary algorithm which may be used to implement the principles
of the above disclosure will now be described. Although the language of the
algorithm which this example builds on may be altered or clarified, the principles
itlustrated by the text which has been inserted and altered when compared to the
original algorithm are equally applicable to any amended algorithm.

[0227] This is an algorithm for cell re-selection from GSM to UMTS based on cell
ranking. The algorithm in this subclause shall be used for re-selection from
GSM to UMTS if the conditions for the use of the cell re-selection algorithm
based on priority information are not satisfied.

[0228] If the 3G Cell Re-selection list includes UTRAN frequencies, the MS
shall, at least every 5 s update the value RLA_C for the serving cell and each of
the at least 6 strongest non serving GSM cells.

[0229] The MS shall then reselect a suitable (see 3GPP TS 25.304) UTRAN cell
if:

- for a TDD cell the measured RSCP value is equal to or greater than
TDD_Qoffset for a period of 5 s and

- for an FDD cell the following criteria are all met for a period of 5 s:

1. its measured RSCP value exceeds the value of RLA_C for the
serving cell and all of the suitable (see 3GPP TS 43.022) non-
serving GSM cells by the value FDD_Qoffset,

2. its measured Ec/No value is equal or greater than the value
FDD_Qmin - FDD_Qmin_Offset, and

3. its measured RSCP value is equal to or greater than
FDD_RSCP_threshold.



10

15

20

25

(]
O

WO 2012/072714 PCT/EP2011/071445

e jon occurring within the previous
FDD_Qoffset or TDD_Qoffset is increased by 5 dB.
- Ec/No and RSCP are the measured quantities, see subclause 8.1.5.
FDD_RSCP_threshold equals FDD_RSCPmin — min((P_MAX — 21 dBm),
3 dB) if FDD_RSCPmin Jis broadcast on the serving cell, else
Qrxlevmin + Pcompensation + 10 dB, if these parameters are available,
otherwise the default value of FDD_RSCPmin.

- Qrxlevmin is the minimum required RX level in the UTRAN FDD cell
(dBm), see 3GPP TS 25.304.

~  Pcompensation is max(UE_TXPWR_MAX_RACH — P_MAX, 0) (dB), see
3GPP TS 25.304.

- UE_TXPWR_MAX_RACH is the maximum TX power ievel an MS may
use when accessing the UTRAN FDD cell on RACH (dBm), see 3GPP TS
25.304.

- P_MAX is the maximum RF output power of the MS (dBm) in UTRAN
FDD mode, see 3GPP TS 25.304.

- FDD_Qmin, FDD_Qoffset and optionally FDD_RSCPmin and
FDD_Qmin_QOffset are broadcast on BCCH of the serving cell.

- TDD_Qoffset is broadcast on BCCH of the serving cell.

[0231] Note 1: The parameters required to determine if the UTRAN cell is
Suitable are broadcast on BCCH of the UTRAN cell. An MS may start re-
selection towards the UTRAN cell before decoding the BCCH of the UTRAN cell,
leading to a short interruption of service if the UTRAN cell is not suitable.

[0232] Note 2: If FDD_RSCPmin is broadcast, optimum GSM to UTRAN
re-selection performance is achieved if UTRAN cells at UTRAN coverage border
areas are planned for +24 dBm UE power.

[0233] Note 3: The parameter TDD_Qoffset is an absoiute threshold for
re-selection towards a target UTRAN TDD cell.
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[0234] The MS shall store the UTRAN cell RSCP suitability criterion parameters
above, whenever decoded from a UTRAN FDD cell of an equivalent PLMN while
attempting to camp on the UTRAN FDD cell unless the cell is a CSG cell /
indicates 'do not store'/ is unsuitable because { it is part of the "list of forbidden
LAs for roaming” } or it is barred / or would result in a FDD RSCP threshold
which is [greater than that currently stored for cells on the same frequency /
greater than [XX] dB. The most recently stored parameters from a UTRAN FDD
cell of an equivalent PLMN are valid re-selection criteria towards all UTRAN
FDD cells except CSG cells and cells evaluated according to the prionity-based
re-selection alqorithm (see sub-clauses 6.6.7 and 6.6.6 respectively). Stored
values which were received more than [5] minutes ago shall be cleared. This list
of parameters shall be cleared after PLMN selection (see 3GPP TS 23.122).

[0235] It should be noted that the "/" here is used to distinguish different aspects
of the disclosure, though they may be combinable.

[0236] Cell re-selection to UTRAN shall not occur within 5 seconds after the MS
has reselected a GSM cell from an UTRAN cell if a suitable GSM cell can be
found.

[0237] In case of a re-selection attempt towards a barred UTRAN cell, the MS
shall abandon further re-selection attempts towards this UTRAN cell as defined
by the Tpareq value on the barred UTRAN cell (see 3GPP TS 25.331).

[0238] /n case the highest ranked UTRAN cell is not suitable (see 3GPP TS
25.304) due to being part of the "list of forbidden LAs for roaming" or belonging
to a PLMN which is not indicated as being equivalent to the registered PLMN,
the MS may abandon further re-selection attempts towards this UTRAN cell and
all other cells on the same frequency, for a period of up to 20 min. If the MS has
to perform cell selection, this limitation shall be removed. If the MS is redirected
under GERAN control to a frequency for which the timer is running, any limitation
on that frequency shall be removed.
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[0239] /f more than one UTRAN cell fulfils the above criteria, the MS shall select
the cell with the greatest RSCP value

[0240] A further exemplary algorithm which may be used to implement the
principles of the above disclosure will now be described. Although the language
of the algorithm which this example builds on may be altered or clarified, the
principles illustrated by the text which has been inserted and altered when
compared to the original algorithm are equally applicable to any amended
algorithm.

[0241] This is an algorithm for inter-RAT cell re-selection based on priority
information. The algorithm in this subciause shali be used for inter-RAT cell re-

network, and if the mobile station supports priority based inter-RAT cell re-
selection and priority information for the serving cell is provided by the network.
A mobile station supporting E-UTRAN shall support priority based inter-RAT cell
re-selection towards all the supported RATs. A mobile station not supporting E-

towards UTRAN.

[0242] The network shall provide priority information if E-UTRAN frequencies are
included in the neighbour cell list; the network may provide priority information if
only UTRAN frequencies are included in the neighbour cell list. If priority
information is available to the mobile station and the mobile station supports
priority based inter-RAT cell re-selection, the algorithm in this subclause shall be
used for inter-RAT re-selection towards all RATs. The rules regarding which set
of priorities is valid at any given time are defined in 3GPP TS 44.018.

. €S |
which are related to each UTRAN or E-UTRAN frequency (e
UTRAN_PRIORITY, E-UTRAN_PRIORITY, THRESH_UTRAN_high,

«
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THRESH_E-UTRAN_high) and information related to the serving cell (e.g.
GERAN_PRIORITY, THRESH_GSM_low).

[0244] NOTE 2: Throughout the specification, the phrase “neighbour cell
list” will include also the E-UTRAN Neighbour Cell list where appropriate.

[0245) NOTE 3: Priorities need fo be provided also for frequencies of
networks that do not support priority-based cell re-selection.

[0246] If the 3G Cell Re-selection list or the E-UTRAN Neighbour Cell list
includes frequencies of other radio access technologies, the MS shall, at least
every 5 s update the value RLA_C for the serving cell and each of the at least 6
strongest non serving GSM cells.

[0247] The MS shall then reselect a suitable (see 3GPP TS 25.304 for UTRAN
and 3GPP TS 36.304 for E-UTRAN) cell of another radio access technology if
the criteria below are satisfied. S_non-serving_XXX is the measurement quantity
of a non-serving inter-RAT cell and XXX indicates the other radio access
technology/mode and is defined as follows:

- for a UTRAN cell, is the measured RSCP value for the cell minus
UTRAN_QRXLEVMIN for the cell’s frequency;

- for a E-UTRAN cell, is the measured RSRP value for the cell minus E-
UTRAN_QRXLEVMIN for the cell’s frequency if THRESH_E-UTRAN_high_Q is
not provided; otherwise, if THRESH_E-UTRAN_high_Q is provided, is the
measured RSRQ value for the cell minus E-UTRAN_QQUALMIN for the cell’s
frequency.

[0248] Stored suitability requirements (e.q. such RSCP suitability requirements
stored as specified in sub-clause 6.6.5) shall not be used for UTRAN cells when

evaluating cells according to the criteria in this sub-clause.

[0249] For a GSM cell, S_GSM is defined as the C1 value for the cell (see
subclause 6.4);
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[0250] Cell re-selection fto a cell o
performed if any of the conditions below (to be evaluated in the order shown) is
satisfied:

- The S_non-serving_XXX of one or more cells of a higher prionty inter-
RAT frequency is greater than THRESH_XXX_high (or, in case of an E-UTRAN
target, THRESH_E-UTRAN_high_Q, if provided) during a time interval T_re-
selection, in that case, the mobile station shall consider the cells for re-selection
in decreasing order of pnority and, for cells of the same inter-RAT frequency or
of inter-RAT frequencies of equal prionty, in decreasing order of S_non-
serving_XXX, and reselect the first cell that satisfies the conditions above;

- The value of S_GSM is lower than THRESH_GSM_low for the serving

d

cell and all measure

GS cells during a time inferval T re-selectio
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case, the mobile station shall consider for re-selection the inter-RAT cells in the
following order, and reselect the first one that satisfies the following critetia:

- cells of a lower priority inter-RAT frequency whose S_non-serving_XXX is
greater than THRESH_XXX low (or, in case of an E-UTRAN target,
THRESH_E-UTRAN_low_Q, if provided) during a time interval T_re-selection,
] ] ionty and, for cells of the
same RAT, in decreasing order of S_non-serving_XXX;

- if no cells satisfy the criterion above, inter-RAT cells for which, during a
fime interval T_re-selection, S_non-serving_XXX is higher than S_GSM for the
serving cell by at least a specific hysteresis H_PRIO; these cells shall be

considered in decreasing order of S_non-serving_XXX.

[0251] A UTRAN FDD cell shall only be reselected if, in addition to the criteria
above, its measured Ec/No value is equal to or greater than FDD_Qmin -
FDD_Qmin_Offset.

[ y Y,
cell on that frequency shall onl/b » reselected if, in addition to the criteria above,
its measured RSRQ value is equal to or greater than E-UTRAN_Qmin. A mobile
station shall_store { all / RSRQ-related } suitability requirements from an E-
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UTRAN cell on the same PLMN or on an equivalent PLMN as that of the serving
cellf, to which it has attempted re-selection] [unless it received an indication from
that cell e.q. in system information that suitability requirements for that cell shail
not be stored] for the cell was a CSG cell] for was not suitable]. When evaluating
an E-UTRAN _cell, the most recently-stored RSRQ-related suitability
requirements received from an E-UTRAN cell Jother than those obtained from a

CSG cell] on the same frequency / frequency of the same priority shall be used if
E-UTRAN Qmin is not provided by the serving cell.

[0253]) If THRESH_E-UTRAN_high_Q is provided for a E-UTRAN frequency,
and if E-UTRAN_RSRPmin is provided, a E-UTRAN cell on that frequency shall
only be reselected if, in addition to the criteria above, its measured RSRP value
is equal to or greater than E-UTRAN_RSRPmin. If E-UTRAN_RSRPmin is not
provided, the default value shall be used.

[0254] E-UTRAN cells which are included in the list of not allowed cells shall not
be considered as candidates for cell re-selection. If the strongest cells on a E-
UTRAN frequency are included in the list of not allowed cells, the mobile station
may reselect the strongest valid cell (see subclause 8.4.7) on that frequency.

[0255] Cell re-selection to a cell of another radio access technology (e.g.
UTRAN or E-UTRAN) shall not occur within 5seconds after the MS has
reselected a GSM cell from an inter-RAT cell if a suitable GSM cell can be
found.

[0256] If the mobile station applies either common priotities or individual
priorities received through dedicated signalling and priorities are available only
for some inter-RAT frequencies, cells belonging to frequencies for which no
priority is available or no threshold is provided by the serving cell shall not be
considered for measurement and for cell re-selection.

[0257] If a mobile station in camped normally state (see 3GPP TS 43.022)
applies individual priorities received through dedicated signalling and no priority
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network configured values).

[0258] A mobile station in camped on any cell state (see 3GPP TS 43.022) shall
ignore individual prionties received through dedicated signalling and shall apply
priorities received from the system information of the serving cell while
attempting to find a suitable cell. If the mobile station supports CS voice
services, the MS shall avoid reselecting acceptable (but not suitable) E-UTRA
celis regardiess of the priorities provided in system information.

{02591 NOTE 4. It the MS is camping on an accepiable celi, individual
priorities are not discarded until an event leading fo their deletion occurs.

[0260] /n case of a re-selection attempt towards a barred UTRAN cell, the MS
shall abandon further re-selection attempts towards this UTRAN cell as defined
by the Tpanes Value on the barred UTRAN cell (see 3GPP TS 25.331).

nt tnuwarde 2 harrard E_I ITRAN rall tha MK
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shall abandon further re-selection attempts towards this E-UTRAN cell for a
period of up to 20 min.

[0262] In case the MS attempts re-selection to a UTRAN cell which is not
suitable (see 3GPP TS 25.304) due to being part of the "list of forbidden LAs for
roaming” or belonging to a PLMN which is not indicated as being equivalent to
the registered PLMN, the MS may abandon further re-selection attempts
towards this UTRAN cell and all other cells on the same frequency, for a period
of up to 20 min. If the MS has to perform cell selection, this limitation shall be
removed. If the MS is redirected under GERAN control to a frequency for which
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[0263] In case the MS attempts re-selection to a E-UTRAN cell which is not
Suitable (see 3GPP TS 36.304) due to being part of the "list of forbidden tracking
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areas for roaming"” (see 3GPP TS 24.301), and if the MS has received the PCID
to TA Mapping information element (see 3GPP TS 44.018 and 3GPP TS
44.060) for the frequency of the cell, it shall abandon further re-selection
attempts towards this E-UTRAN cell and any E-UTRAN cell which is known to
belong to the same Tracking Area until the PCID to TA Mapping information
changes in the serving cell or until cell re-selection occurs. If the mobile station
has not received the PCID to TA Mapping information element for the frequency
of the cell, the MS may abandon further re-selection attempts towards this E-
UTRAN cell and all other cells on the same frequency, for a period of up to 20
min. If the MS has to perform cell selection, this limitation shall be removed. If
the MS is redirected under GERAN control to a frequency for which the timer is
running, any limitation on that frequency shall be removed.

[0264] In case the MS attempts re-selection to a E-UTRAN cell which is not
Suitable (see 3GPP TS 36.304) due fo belonging to a PLMN which is not
indicated as being equivalent to the registered PLMN, the MS may abandon
further re-selection attempts towards this E-UTRAN cell and all other cells on the
same frequency, for a period of up to 20 min. If the MS has to perform cell
selection, this limitation shall be removed. If the MS is redirected under GERAN
control to a frequency for which the timer is running, any limitation on that
frequency shall be removed.

[0265] A further exemplary algorithm which may be used to implement the
principles of the above disclosure will now be described. Although the language
of the algorithm which this example builds on may be altered or clarified, the
principles illustrated by the text which has been inserted and altered when
compared to the original algorithm are equally applicable to any amended
algorithm.

[0266] This is an algorithm for cell selection and re-selection to CSG cells and
hybrid cells. Firstly, for cell re-selection to CSG cells, if a mobile station is a
member of at least one Closed Subscriber Group, i.e. at least one CSG ID is
included in the MS’s CSG Whitelist, then, in addition to normal cell re-selection,
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the MS shall use an autonomous search function to detect UTRAN and/or E-
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previously visited allowed CSG cells, according to performance requirements.

[0267) NOTE 1: The autonomous search function is implementation
dependent and controls when and/or where to search for allowed CSG cells.

[0268] NOTE 1a:  (void).

[0268] NOTE 2. (void).

[0270] NOTE 3. (void).

[0271] If the strongest cell (see 3GPP TS 25.304 and 3GPP TS 36.304 for the
definition of the strongest cell) which the MS has detected on a UTRAN or E-
UTRAN frequency during a time interval T_re-selection is a suitable CSG cell
(see 3GPP TS 25.304 and 3GPP TS 36.304 for suitability criteria for UTRAN
and E-UTRAN CSG cells respect/ve/y) it should reselect to this cell /rrespect/ve

nf ¢
i

[0272] The MS shall disable the autonomous search function for CSG cells if the
MS has no CSG Whitelist or the MS’s CSG Whitelist is empty.

[0273] When the MS has no or an empty CSG Whitelist, and the MS has stored
"CSG PSC Split Information” or "CSG PCI Split Information”, the MS shall ignore
for measurement and cell re-selection cells known to be CSG cells, i.e.:

- cells on a UTRAN frequency with PSC in the stored range "CSG PSC

- cells on an E—UTRAN frequency with PCl in the stored range "CSG PCI
Split Information” for that frequency (see 3GPP TS 36.331).
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[0274] In addition, when the MS has no or an empty CSG Whitelist, the MS may
ignore for measurement and cell re-selection cells known to be CSG cells
according to implementation specific means on a frequency for which no "CSG
PCI Split Information” or "CSG PSC Split Information” is stored.

[0275] The network may provide information about dedicated UTRAN CSG
frequencies and/or dedicated E-UTRAN CSG frequencies. In this case, the MS
may use the autonomous search function only on these dedicated frequencies
and on the other frequencies listed in the system information. When the MS has
no or an empty CSG Whitelist, the MS shall ignore those frequencies for
measurement and cell re-selection.

[0276] A_mobile station shall store the RSRP / RSCP / RSRQ [i.e. signal quality
and/or signal strength] related suitability requirements received from a CSG cell;

these shall be maintained independently of criteria_stored for non-CSG cells.

When evaluating a CSG cell, the mobile station shall use the most recently-

stored values from a [CSG] cell { on the same frequency / with the CSG ID. or

When evaluating a CSG cell, the mobile station shall use the stored values from
the same cell (or a cell with the same frequency and PCI/PSC) {provided these

were received less than [2] minutes ago.

[0277] Secondly, for cell re-selection to hybrid cells, if a mobile station is a
member of at least one Closed Subscriber Group then, in addition to normal cell
re-selection, the MS shall use an autonomous search function to detect hybrid
cells. The autonomous search function shall at least detect previously visited
hybrid cells whose CSG IDs are included in the CSG whitelist of the MS,
according to the performance requirements.

[0278] NOTE: The autonomous search for hybrid cells does not imply that the
MS needs to constantly check the CSG IDs of all cells it sees, and the impact on
battery consumption should be minimised.
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[0279] If a neighbour cell has been detected as a hybrid cell and the CSG |

re-selection rules shall apply.

[0280] Thirdly, for manual CSG ID selection, if NAS requests AS to search for
available CSG IDs, the MS shall perform the search and report the results to
NAS as described in 3GPP TS 25.304 for UTRAN and as described in 3GPP TS
36.304 for E-UTRAN. If a CSG ID is manually selected by NAS, the MS shall
behave as specified in 3GPP TS 25.304 or in 3GPP TS 36.304, depending on
the RAT type of the selected CSG cell.

[0282] In some cases, as part of the typically known re-selection algorithm, the
device is required to evaluate one or more aspects of the target cell (such as
signal quality or signal strength, etc.) based on parameters such as thresholds
broadcast by the serving cell (in this exemplary scenario, cell B).

[0283] However, it currently is required to re-evaluate these aspects once it has
read the system information from the candidate cell (cell C), as part of the
suitability check (since the suitability criteria include tests based on parameters
broadcast by the candidate cell). This results in the device evaluating the same
aspects twice. In a well-configured network, the parameters should be such that
a cell which meets the re-selection criteria (based on parameters broadcast in
the serving cell) should not fail the corresponding tests based on parameters
broadcast in the candidate cell. In this scenario, the second test is redundant.

[0284] However, and furthermore, if the device performs both evaluations and

fails the second test (i.e. based on parameters broadcast in the candidate cell
C), it will return to the serving cell. It may then repeat this process endiessly until
cell C no longer meets the criteria based on the parameters broadcast by cell B.

This is likely an incorrect configuration of the network. In this scenario, the
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second test may result in the mobile station repeatedly attempting re-selection to

the same cell.

[0285] Storage and re-use of parameters from cells A or C may address this
latter problem, however, no provision is currently made in the priority-based re-
selection scheme for storage of criteria from a candidate cell (see 6.6.6 of
45.008).

[0286] Furthermore, as noted elsewhere, storage of the suitability criteria
broadcast by cell C in this scenario may cause incorrect abandonment of re-
selection attempts to other cells (i.e. other than cell C), since a likely problem
here is that cell C's suitability criteria (as determined based on parameters
transmitted by cell C) are incorrectly set such that the criteria are too high.

[0287] In a further exemplary implementation of the disclosure, it would be
preferable for the device not to carry out some or any tests (e.g. as part of the
test for suitability) based on criteria broadcast by cell C, if the criteria for re-
selection based on parameters broadcast in the serving cell have already been
tested and met. If re-selection criteria are met and the subset of suitability
criteria are met, the device may remain camped in the candidate cell,
irrespective of the value(s) of the parameter(s) associated with the skipped
suitability check(s) broadcast in the candidate cell. This process is illustrated in
Figure 16.

[0288] As a further exemplary implementation: it should omit only those
suitability tests which evaluate specific aspects (signal strength, signal quality)
which were tested as part of the re-selection procedure. In some cases, only one
of signal strength/quality might be tested as part of the re-selection algorithm.

[0289] As yet a further exemplary implementation it should omit only those tests
which evaluate specific aspects (signal strength, signal quality) which were
tested as part of the re-selection procedure and which were based on
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parameters which were broadcast or transmitted by the serving cell (as opposed
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[0290] As a further exemplary implementation, the above exception may apply
only to "threshold-based" tests (i.e. where a measured quantity of the candidate
cell must meet or exceed some determined absolute value), but not to "relative
value" tests — e.g. where a measured value must exceed some other measured
value (of the candidate cell, serving cell and/or one or more other cells) by some

minimum difference.

[0291] in an exemplary scenario of the latter exemplary implementation, for CSG
celis, a candidate CSG cell may meet the re-selection criteria if it is the strongest

nn ite fro
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than an absolute test.

[0292] In typical conventional networks, that a device may currently be required
to check suitability criteria twice: once using stored values (obtained from the
same, or a different cell), and once using values received from the candidate cell
[0293] Currently, there is a relatively high risk that the suitability parameters
stored by the device and used for the initial evaluation of suitability (i.e. before
system information of candidate cell has been received) may be different from
those broadcast by the candidate cell itself. It is therefore reasonably possible
that the suitability criteria may be met in respect of the first test, but not for the
second.

[0294] In a further exemplary implementation of the disclosure which is
iustrated in Figure 186, if a restriction on the usage of stored parameters from
cell A when evaluating cell C is in place (su _
frequency, or both must be non-CSG cells), then the risk that the parameters are
different is significantly lowered. Therefore, according to this exemplary

implementation of the disclosure, to further reduce the need for evaluation of
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parameters and/or to reduce the risk that a device determines (based on stored
parameters) to perform re-selection, acquires system information of the
candidate cell, and then determines that the re-selection is not possible. The
device may omit the second suitability check. This is similar to the omission in
the preceding exemplary implementation of the disclosure.

[0295] This may be conditional on the frequency of cell A and cell C being the
same; optionally, further criteria may apply — such as the physical layer address
of cell A and cell C must be the same; in general, any suitable criteria can be

used, such as those listed above.

[0296] A further condition may be that cell A and cell C were both re-selection
candidates while the device was initially camped in cell B — for example, in the
following case:

i) device is camped in cell B

ii) device attempts re-selection to cell A; reads suitability criteria for cell A
and determines these are not met; remains in cell B

i) device attempts re-selection to cell C — cell C and cell A operate on
the same frequency; cell C meets the suitability criteria as obtained from cell A,
device does not re-evaluate suitability criteria based on parameters obtained
from cell C. (In other words, the device camps on cell C independent of the

suitability parameters signalled by cell C).

[0297]1t is worth noting that if operators coordinate the configuration of
suitability parameters for cells across a serving PLMN and equivalent PLMNs to
such an extent that these parameters are similar across all cells, then this
solution may be applicable even without any constraints on cell A and cell C.

[0298] In Figure 16, the illustrated process starts with the MS camped on a
serving cell, cell B (step 1602). The MS may then optionally receive a neighbour
cell list from the serving cell (step 1604). The MS then decodes re-selection
parameters from the list (step 1606). The MS will then identify a candidate cell
and perform measurements on it (step 1608). If the ceil does not meet re-
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criteria are met, the MS checks if
(step 1612). |If the MS has stored suitability parameters available, the MS
checks the cell against these criteria (step 1614). If the criteria are not met, the
MS remains camped on the serving cell. If the criteria are met or the MS does
not have parameters stored and available for testing, the MS moves on to

acquiring system information of the candidate cell (step 1616).

[0299] After acquiring system information, the MS considers radio related
aspects such as signal strength or quality (step 1618). If these were evaluated
when determining if the cell met re-selection criteria (step 1620) and the
evaluation was not based on default parameters which were not explicitly

signalled (step 1622) then the MS moves on to check another radio related
aspect (step 1626). If there are no more aspects, then the cell is determined to
meet the criteria (step 1632) and non-radio related criteria are evaluated (step
1634). In this way, if signalled criteria was used and checked against radio-

related aspects then the MS does not re-determine the suitability.

i a

103001 If the radio related aspects were not evaluated when determining if the

cell met re-selection criteria (step 1620) and if the evaluation used stored
suitability parameters (step 1624), then the MS moves on to check another radio
related aspect (step 1626). If there are no more aspects, then the cell is
determined to meet the criteria (step 1632) and non-radio related criteria are
evaluated (step 1634). In this way, if signalled criteria was used and checked
against radio-related aspects then the MS does not re-determine the suitability.

[0301] If the radio related aspects were evaluated when determining if the cell
met re-selection criteria (step 1620) and the evaluation was based on default
parameters which were not explicitly signalled (step 1622), then the MS checks

t‘y’ palaulctela (atep 1624) if

moves on to check another radio related aspect (step 1626). If there are no
more aspects, then the cell is determined to meet the criteria (step 1632) and
non-radio related criteria are evaluated (step 1634). In this way, if signalied
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criteria was used and checked against radio-related aspects then the MS does

not re-determine the suitability.

[0302] If the MS did not use stored suitability parameters (step 1624), the MS
evaluates the cell using parameters from the candidate cell’'s system information
(step 1628), by establishing a communication channel and decoding the
parameters. If the cell does not meet the criteria, it is determined to be
unacceptable and the MS remains camped on the serving cell (step 1636). If it
does meet the criteria, the MS moves on to check another radio related aspect
(step 1626). If there are no more aspects, then the cell is determined to meet
the criteria (step 1632) and non-radio related criteria are evaluated (step 1634).
In this way, if signalled criteria was used and checked against radio-related
aspects then the MS does not re-determine the suitability.

[0303] An exemplary algorithm for implementing examples of the present
disclosure will now be described. This is an algorithm for inter-RAT cell re-
selection based on priority information.

[0304] The algorithm in this subclause shall be used for inter-RAT cell re-
selection if priorities are available to the MS and thresholds are provided by the
network, and if the mobile station supports priority based inter-RAT cell re-
selection and priority information for the serving cell is provided by the network.
A mobile station supporting E-UTRAN shall support priority based inter-RAT cell
re-selection towards all the supported RATs. A mobile station not supporting E-
UTRAN and supporting UTRAN and supporting priority based re-selection from
UTRAN to GERAN shall support priority based inter-RAT cell re-selection
towards UTRAN.

[0305] The network shall provide priority information if E-UTRAN frequencies are
included in the neighbour cell list; the network may provide priority information if
only UTRAN frequencies are included in the neighbour cell list. If priority
information is available to the mobile station and the mobile station supports
priority based inter-RAT cell re-selection, the algorithm in this subclause shall be
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[0306] NOTE 1: “Priority information” includes priorities and thresholds
which are related fo each UTRAN or E-UTRAN frequency (e.g.
UTRAN_PRIORITY, E-UTRAN_PRIORITY, THRESH_UTRAN_high,
THRESH_E-UTRAN_high) and information related to the serving cell (e.g.
GERAN_PRIORITY, THRESH_GSM_low).

{0307} NOTE 2: Throughout the specification, the phrase “neighbour ceil
list” will include also the E-UTRAN Neighbour Cell list where appropriate.

{ang'l NOTE 3 Priorities need fo
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networks that do not support priority-based cell re-selection.

[0309] /f the 3G Cell Re-selection list or the E-UTRAN Neighbour Cell list include
frequencies of other radio access technologies, the MS shall, at least every 5 s
update the value RLA_C for the serving cell and each of the at least 6 strongest
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[06310] The MS shall then reselect a suitable cell of another radio access
technology if the criteria below are satisfied. S_non-serving XXX is the
measurement quantity of a non-serving inter-RAT cell and XXX indicates the
other radio access technology/mode and is defined as follows:

- for a UTRAN cell, is the measured RSCP value for the cell minus
UTRAN_QRXLEVMIN for the cell’s frequency;

- for a E-UTRAN cell, is the measured RSRP value for the cell minus E-
UTRAN_QRXLEVMIN for the cell’s frequency if THRESH _E-UTRAN_high_Q is
not provided, otherwise, if THRESH_E-UTRAN_high_Q is provided, is the

i £; 1
easured RSRQ value for #bn o mnimise 2 TITODOAAN

frequency.
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[0311] For a GSM cell, S_GSM is defined as the C1 value for the cell (see
subclause 6.4);

[0312] The definition of a suitable cell is specified in 3GPP TS 25304 for
UTRAN and 3GPP TS 36.304 for E-UTRAN. However, for the purposes of cell
re-selection, the suitability requirements related to signal strength (respectively

signal quality) need not be evaluated (i.e. the cell may be considered suitable

even If it does not meet the requirements for signal strength (respectively signal
quality) as _specified in the definition of suitability, using parameters obtained

from the system information of the candidate cell) if:

- gither:
- signal strength (respectively signal quality) was evaluated as part of the

re-selection algorithm, and

- the corresponding parameters used in the re-selection algorithm (e.q. for

UMTS FDD signal quality, FDD Qmin, FDD Qmin Offset; for UMTS signal
strength, UTRAN QRXLEVMIN) were explicitly signalled in the serving cell (i.e.
default values were not used)

ot or:

- the cell meets the suitability criteria for signal strength (respectively signal

quality) based on stored parameters which were received from a cell operating

using the same radio access technology and on the same frequency.

[0313] 1t should be noted and understood that the list of corresponding
parameters above is not exhaustive. The disclosure applies where all, or some
specified portion, of the parameters must be explicitly signalled and not default

values.

[0314] Cell re-selection to a cell of another inter-RAT frequency shall be
performed if any of the conditions below (to be evaluated in the order shown) is
satisfied:

- The S_non-serving_ XXX of one or more cells of a higher prionty inter-
RAT frequency is greater than THRESH_XXX_high (or, in case of an E-UTRAN
farget, THRESH_E-UTRAN_high_Q, if provided) during a time interval T_re-
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serving_XXX, and reselect the first cell that satisfies the conditions above,

- the value of S_GSM is lower than THRESH_GSM_low for the serving cell
and all measured GSM cells during a time interval T_re-selection; in this case,
the mobile station shall consider for re-selection the inter-RAT cells in the
following order, and reselect the first one that satisfies the following criteria:

- cells of a lower priority inter-RAT frequency whose S_non-serving_ XXX is
greater than THRESH_XXX_iow (or, in case of an E-UTRAN (argei,
THRESH_E-UTRAN_Jow_Q, if provided) during a time interval T_re-selection;
these cells shall be considered in decreasing order of priority and, for cells of the
same RAT, in decreasing order of S_non-serving XXX,

- if no cells satisfy the criterion above, inter-RAT cells for which, during a
time interval T_re-selection, S_non-serving_XXX is higher than S_GSM for the
serving cell by at least a specific hysteresis H_PRIO, these cells shall be
considered in decreasing order of S_non-serving_XXX.

Il shall anlv be reselectad if in addition to the criteria
0! Le rege g i in aaaion 1 the orerg

103151 A UTRAN FDD cell shall only reselecte
above, its measured Ec/No value is equal to or greater than FDD_Qmin -

FDD_Qmin_Offset.

[0316] If E-UTRAN_Qmin is provided for a E-UTRAN frequency, a E-UTRAN
cell on that frequency shall only be reselected if, in addition to the criteria above,
its measured RSRQ value is equal to or greater than E-UTRAN_Qmin.

[0317] If THRESH_E-UTRAN_high_Q is provided for a E-UTRAN frequency,
and if E-UTRAN_RSRPmin is provided, a E-UTRAN cell on that frequency shall
only be reselected if, in addition to the criteria above, its measured RSRP value

han E-UTRAN_RSRPmin. If E-UTRAN_RSRPmin i

provided, the default value shall be used.

¥
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[0318] E-UTRAN cells which are included in the list of not allowed cells shall not
be considered as candidates for cell re-selection. If the strongest cells on a E-
UTRAN frequency are included in the list of not allowed cells, the mobile station
may reselect the strongest valid cell (see subclause 8.4.7) on that frequency.

[0319] Cell re-selection to a cell of another radio access technology (e.g.
UTRAN or E-UTRAN) shall not occur within 5seconds after the MS has
reselected a GSM cell from an inter-RAT cell if a suitable GSM cell can be
found.

[0320] If the mobile station applies either common priorities or individual
priorities received through dedicated signalling and priorities are available only
for some inter-RAT frequencies, cells belonging to frequencies for which no
priority is available or no threshold is provided by the serving cell shall not be
considered for measurement and for cell re-selection.

[0321] /f a mobile station in camped normally state (see 3GPP TS 43.022)
applies individual priorities received through dedicated signalling and no priority
is available for the serving cell, the mobile station shall consider any GSM cell
(including the serving cell) to have lowest priority (i.e. lower than the eight
network configured values).

[0322] A mobile station in camped on any cell state (see 3GPP TS 43.022) shall
ignore individual prionrties received through dedicated signalling and shall apply
priorities received from the system information of the serving cell while
aftempting to find a suitable cell. If the mobile station supports CS voice
services, the MS shall avoid reselecting acceptable (but not suitable) E-UTRA
cells regardless of the priorities provided in system information.

[0323] NOTE 4: If the MS is camping on an acceptable cell, individual
priorities are not discarded until an event leading to their deletion occurs.
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shall abandon further re-selection atfempts towards this UTRAN cell as defined
by the Trarea Value on the barred UTRAN cell (see 3GPP TS 25.331).

[0325] In case of a re-selection attempt towards a barred E-UTRAN cell, the MS
shall abandon further re-selection attempts towards this E-UTRAN cell for a
period of up to 20 min.

[0326] In case the MS attempts re-selection to a UTRAN cell which is not
suitable (see 3GPP TS 25.304) due to being part of the "list of forbidden LAS for
roaming"” or belonging to a PLMN which is not indicated as being equivalent to
the registered PLMN, the MS may abandon further re-selection attempts
towards this UTRAN cell and all other cells on the same fr
of up to 20 min. If the MS has to perform cell selection, this limitation shall be
removed. If the MS is redirected under GERAN control to a frequency for which

the timer is running, any limitation on that frequency shall be removed.

[0327] In case the MS attempts re-selection to a E-UTRAN cell which is not
suitable (see 3GPP TS 36.304) due to being part of the "list of forbidden tracking
areas for roaming"” (see 3GPP TS 24.301), and if the MS has received the PCID
fo TA Mapping information element (see 3GPP TS 44.018 and 3GPP TS
44.060) for the frequency of the cell, it shall abandon further re-selection
attempts towards this E-UTRAN cell and any E-UTRAN cell which is known to
belong to the same Tracking Area until the PCID to TA Mapping information
changes in the serving cell or until cell re-selection occurs. If the mobile station
has not received the PCID to TA Mapping information element for the frequency
of the cell, the MS may abandon further re-selection attempts towards this E-
UTRAN cell and all other cells on the same frequency, for a period of up to 20
min. If the MS has to perform cell selection, this limitation shall be removed. If
redii
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running, any limitation on that frequency shall be removed.
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[0328] /n case the MS attempts re-selection to a E-UTRAN cell which is not
suitable (see 3GPP TS 36.304) due fo belonging to a PLMN which is not
indicated as being equivalent to the registered PLMN, the MS may abandon
further re-selection attempts towards this E-UTRAN cell and all other cells on the
same frequency, for a period of up to 20 min. If the MS has to perform cell
selection, this limitation shall be removed. If the MS is redirected under GERAN
control to a frequency for which the timer is running, any limitation on that

frequency shall be removed.

[0329] While the present disclosure is primarily described in terms of methods, a
person of ordinary skill in the art will understand that the present disclosure is
also directed to various apparatus such as a handheld electronic device
including components for performing at least some of the aspects and features
of the described methods, be it by way of hardware components, software or
any combination of the two, or in any other manner. Moreover, an article of
manufacture for use with the apparatus, such as a pre-recorded storage device
or other similar computer readable medium including program instructions
recorded thereon, or a computer data signal carrying computer readable
program instructions may direct an apparatus to facilitate the practice of the
described methods. It is understood that such apparatus, articles of
manufacture, and computer data signals also come within the scope of the

present disclosure.

[0330] The term “computer readable medium” as used herein means any
medium which can store instructions for use by or execution by a computer or
other computing device including, but not limited to, a portable computer
diskette, a hard disk drive (HDD), a random access memory (RAM), a read-only
memory (ROM), an erasable programmable-read-only memory (EPROM) or
flash memory, an optical disc such as a Compact Disc (CD), Digital Versatile
Disc (DVD) or Blu-ray™ Disc, and a solid state storage device (e.g., NAND flash
or synchronous dynamic RAM (SDRAM)).
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server architecture, or computer programming language.

[0332] The various embodiments presented above are merely examples and
variations of the innovations described herein will be apparent to persons of
ordinary skill in the art. As embodiments may be implemented in several forms
without departing from the characteristics thereof, it should also be understood
that the above-described embodiments are not limited by any of the details of
the foregoing description, uniess otherwise specified, but rather shouid be
construed broadly within its scope as defined in the appended claims. Therefore,
various changes and modifications that fall within the scope of the claims, or
quivalents of such scope are therefore intended to be embraced by the

appended claims.

[0333] It is to be noted that the methods as described have actions carried out in
a particular order. However, it will be clear that the order of any actions
performed, where the context permits, can be varied and thus the ordering as

[0334] It is also to be noted that where a method has been described it is also
intended that protection is also sought for a device arranged to carry out the
method and where features have been claimed independently of each other
these may be used together with other claimed features.

[0335] Furthermore it will be noted that the apparatus described herein may
comprise a single component such as a wireless telecommunications device or
UTRAN or other user equipment or access network components, a combination
of multiple such components for example in communication with one another or
& sub-netwo
[0336] Embodiments have been described here in relation to 3GPP
specifications. However the method and apparatus described are not intended
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to be limited to the specifications or the versions thereof referred to herein but
may be applicable to future versions or other specifications.

[0337] According to an aspect of the disclosure, there may be provided a
method performed by a device in a wireless network, the method comprising:
storing a parameter of a first cell associated with a characteristic of the first cell;
and, determining the suitability of a second cell for re-selection by the device,
wherein, if the second cell has a characteristic in common with said
characteristic of the first cell, determining the re-selection suitability of the

second cell in accordance with said stored parameter.

[0338] The method may also further comprise: deleting from the device any
previously stored parameters associated with said characteristic of the first cell.

[0339] The characteristic of the first cell may be the carrier frequency of the first
cell.

[0340] According to another aspect of the disclosure, there may be provided a
method performed by a device in a wireless network, the method comprising:
determining network identification information of said first cell; determining a
parameter of suitability criteria of a second cell; determining network
identification information of said second cell; and, if said network identification
information of said first cell is equal or equivalent to said network identification
information of said second cell, storing said parameter.

[0341] The method may also further comprise: after the act of storing said
parameter, associating said stored parameter with a characteristic of the second
cell and determining the suitability of a third cell for re-selection by the device,
wherein, if the third cell has a characteristic of the third cell in common with said
characteristic of the second cell associated with said stored- parameter,
determining the re-selection suitability of the third cell in accordance with said
stored parameter.
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[0343] According to another aspect of the disclosure, there may be provided a
method performed by a device in a wireless network, the method comprising:
determining a parameter of suitability criteria of a second cell; determining if said
second cell belongs to a closed subscriber group; and, if said second cell fails to
belong to a closed subscriber group, storing said parameter.

[0344] The method may also further comprise: after the act of storing said
parameter, associating said stored parameter with a characteristic of the second
cell and determining the suitability of a third cell for re-selection by the device,
wherein, if the third cell has a characteristic in common with said characteristic of
the second cell associated with said stored parameter, determining the re-
selection suitability of the third cell in accordance with said stored parameter.

[0345] The method may also further comprise. deleting from the device any

nravintiely etaraed naramatare acenciated with gaid charactarigtic nf tha cecond
previously sioreQ paramelers asSsociateld with Sal cnaraCiensic or ine second
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[0346] According to another aspect of the disclosure, there may be provided a
device for use in a wireless network, the device comprising one or more
processors; a wireless transceiver coupled to the one or more processors; and
memory coupled to the one or more processors, the one or more processors
being operative to. store a parameter of a first cell associated with a
characteristic of the first cell; and, determine the suitability of a second cell for
re-selection by the device, wherein, if the second cell has a characteristic in
common with said characteristic of the first cell, the re-selection suitability of the

[0347] The device may be further operative to: delete from the device any
previously stored parameters associated with said characteristic of the first cell.
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[0348] The characteristic of the first cell may also be the carrier frequency of the

first cell.

[0349] According to another aspect of the disclosure, there is provided a device
for use in a wireless network, the device comprising one or more processors; a
wireless transceiver coupled to the one or more processors, and memory
coupled to the one or more processors, the one or more processors being
operative to. communicate with a first cell, determine network identification
information of said first cell; determine a parameter of suitability criteria of a
second cell; determine network identification information of said second cell;
and, if said network identification information of said first cell is equal to said
network identification information of said second cell, store said parameter.

[0350] The device may be further operative to: after said parameter has been
stored, associate said stored parameter with a characteristic of the second cell
and determine the suitability of a third cell for re-selection by the device,
wherein, if the third cell has a characteristic in common with said characteristic of
the second cell associated with said stored parameter, the re-selection suitability
of the third cell is determined in accordance with said stored parameter.

[0351] The device may be further operative to: delete any previously stored
parameters associated with said characteristic of the second cell.

[0352] According to another aspect of the disclosure, there may be provided a
device for use in a wireless network, the device comprising one or more
processors; a wireless transceiver coupled to the one or more processors; and
memory coupled to the one or more processors, the one or more processors
being operative to: communicate with a first cell, determine a parameter of
suitability criteria of a second cell, determine if said second cell belongs to a
closed subscriber group; and, if said second cell fails to belong to a closed
subscriber group, storing said parameter.
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[0353] The device may be further operative to: after said parameter has been
stored, associate said stored parameter with characteristic of the second cell
and determine the suitability of a third cell for re-selection by the device,
wherein, if the third cell has characteristic in common with said characteristic of
the second cell associated with said stored parameter, the re-selection suitability
of the third cell is determined in accordance with said stored parameter.

[0354] The device may be further operative to. delete any previously stored
parameters associated with said characteristic of the second cell.

[0355] According to another aspect of the disclosure, there may be provided a
method performed by a device in a wireiess network, the method comprising:
re-selection
criteria, of a second cell and, if said parameter satisfies a predetermined
condition: determining system information of said second cell; and, determining
the suitability of the second cell for re-selection by the device using a second set
of criteria, said second set of criteria being suitability criteria, wherein if said
suitability criteria contains the parameter included in said set of re-selection

nr rico
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in said suitability criteria.

[0356] The method may also further comprise: performing cell re-selection to

said second csall.

[03587] According to another aspect of the disclosure, there may be provided a
device for use in a wireless network, the device comprising one or more
processors; a wireless transceiver coupled to the one or more processors,; and
memory coupled to the one or more processors, the one or more processors
being operative to: determine a parameter from a first set of criteria, said criteria
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etermine system information of said second cell, and,
determine the suitability of the second cell for re-selection by the device using a
second set of criteria, said second set of criteria being suitability criteria, wherein
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if said suitability criteria contains the parameter included in said set of re-
selection criteria, the device being operative to determine the suitability without
re-determining said parameter for use in said suitability criteria.

[0358] The method according to the first aspect may also further comprise: if the
second cell is determined to be suitable in accordance with said stored
parameter, acquiring system information of the second cell.

[0359] The method according to the first aspect may also further comprise: if the
second cell is determined not to be suitable in accordance with said stored
parameter, omitting to acquire system information of the second cell.

[0360] According to another aspect of the disclosure, there may be provided a
method performed by a device in a first cell of a radio access network, the
method comprising evaluating an aspect of a second cell against a re-selection
criterion, receiving system information of said second cell; and, determining the
suitability of said second cell without evaluating said aspect against suitability
criterion using parameters received in said system information.

[0361] The method may also further comprise. performing cell re-selection to

said second cell.

[0362] According to another aspect of the disclosure, there may be provided a
method performed by a device in a first cell of a radio access network, the
method comprising evaluating an aspect of a second cell against a stored
suitability criterion, receiving system information of said second cell; and,
determining the suitability of said second cell without evaluating said aspect
against suitability criterion using parameters received in said system information.

[0363] The method may also further comprise: performing cell re-selection to

said second cell.
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[0364] Additionally, the characteristic of the second cell may be determined by
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Claims

1. A method in a wireless cellular telecommunications device camped on a
serving cell, the device storing a parameter obtained by decoding system
information of a first cell (906), the method comprising:
measuring an attribute of a signal received from a candidate cell; and,
evaluating the candidate cell for re-selection based on the measured
attribute (918) according to a priority-based re-selection algorithm irrespective
of the stored parameter, wherein the stored parameter indicates a minimum

required received signal code power.

2. A method according to claim 1, further comprising performing re-selection

from the serving cell to the candidate cell based on the evaluation (920).

3. A method according to claim 1 or 2, in which the evaluation of the
candidate cell includes:

acquiring system information of the candidate cell, the system information
including a candidate cell parameter (904);

determining if the measured attribute exceeds the candidate cell parameter
by a predetermined amount (914); and,

if the measured attribute exceeds the candidate cell parameter by a

predetermined amount, performing re-selection to the candidate cell (920).

4. A method according to claim 3, in which the predetermined amount is OdB.

5. A method according to any preceding claim, in which the evaluation of the
candidate cell for re-selection includes:

determining if the measured attribute exceeds a predetermined default
value; and,

if the measured attribute fails to exceed the predetermined default value,

determining that the candidate cell does not meet re-selection requirements.
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6. A method according to any preceding claim, in which the measured

attribute is received signal code power, RSCP.

7. A method according to any preceding claim, in which the candidate cell is a
UTRAN cell.

8. A method according to any preceding claim, in which the serving cell is a
GERAN cell.

9. A method according to any preceding claim, further comprising:

measuring an attribute of a signal received from a second cell; and,
evaluating the second cell for re-selection based on the measured attribute

and the stored parameter according to a ranking algorithm.

10. A method according to any preceding claim, in which the serving and

candidate cells are of the same wireless radio network.

11. A method according to any of claims 1 to 9, in which the serving and

candidate cells are of different wireless radio networks.

12. A wireless cellular telecommunications device comprising means adapted
to:

camp on a serving cell;

store a parameter obtained by decoding system information of a first cell;
and,

perform the method of any preceding claim.

13. A computer-readable storage medium having stored thereon instructions
which can be executed by a device to carry out the actions of any of claims 1 to
11.



