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(54) METHOD FOR PRIORITISATION OF INTRA-RAT AND INTER-RAT NEIGHBOUR 
MEASUREMENTS

(57) The present invention is directed to a method
for the measurement of neighbouring cells in a cellular
mobile telecommunication network wherein the network
defines a measurement configuration which includes a
list of neighbouring cells to be measured by a user equip-
ment and which is sent to the user equipment in prepa-
ration of a cell handover, and wherein the user equipment

performs the measurement of the neighbouring cells in-
cluded in the measurement configuration based on a
measurement processing priority defined for at least one
neighbouring cell and/or at least one group of neighbour-
ing cells. Furthermore, the invention is directed to a mo-
bile communication network, a base station and user
equipment adapted to carry out the inventive method.
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Description

[0001] The presented invention relates to the field of
mobile telecommunication systems, and more particu-
larly to a method, system, network device and user equip-
ment for measurement of neighbouring cells.
[0002] 3rd Generation Partnership Project (3GPP) mo-
bile telecommunication networks use the handover pro-
cedure as one of the methods to transfer an ongoing
connection with one User Equipment (UE) from a serving
cell to a neighbouring cell to provide service continuity
for a moving subscriber. The selection of the handover
target cell from the list of defined neighbouring cells is
typically based on the UE supported intra Radio Access
Technology (intra-RAT) and inter-RAT measurements of
the received strength and quality of signals from neigh-
bouring cells. Thanks to this the network can select the
most appropriate handover target cell by taking into ac-
count the signal strength and/or quality of the neighbour-
ing cells reported by the UE. As a result, the handovers
to neighbouring cells which do not fulfil the minimum sig-
nal strength/quality criteria are avoided, which in general
improves the handover success rate.
[0003] In order to inform a UE about the neighbouring
cells to be measured and reported, the network sends a
set of measurement configurations. Amongst others,
these typically contain the information about the RAT,
frequencies and physical identifiers of the neighbouring
cells, such as the Base Station Identity Code (BSIC) for
the Global System for Mobile Communications (GSM),
Scrambling Code (SC) for the Universal Mobile Telecom-
munications System (UMTS), or the Physical Cell Identity
(PCI) for 3GPP Long Term Evolution (LTE). Moreover,
a measurement configuration can also contain the con-
ditions, typically in the form of signal level and/or quality,
a neighbour cell must fulfil before a UE can include it in
the measurement report. Upon reception of the meas-
urement configuration, the UE starts performing meas-
urements on signalled RATs and frequencies and send-
ing measurement reports to the network containing in-
formation about detected neighbour cells, as defined in
the relevant 3GPP specification documents.
[0004] Cells in 3GPP mobile telecommunication net-
works typically have multiple neighbours in different
RATs using different frequencies. Generally, for each fre-
quency-RAT combination there is a distinct set of param-
eters in the measurement configuration. Once a UE re-
ceives a measurement configuration set from the net-
work, it has to perform neighbour cell measurements on
each frequency-RAT combination signalled in the meas-
urement configuration message. Due to the nature of the
measurement process, which includes frequency tuning
to a specified frequency, signal sampling and processing
of sampled data, as well as typical receiver implementa-
tions in UEs, where multiple frequency-RAT combina-
tions are processed in sequence and not in parallel, this
measurement procedure can take some time in case that
several frequency-RAT measurement configurations are

signalled. As a result, the time between the moment a
neighbouring cell fulfils the handover criteria and the mo-
ment the UE detects it and sends a measurement report
can in some situations be too long. This can lead to a
degradation of the connection performance or even to a
connection drop. This aspect is critical especially for fast
moving subscribers at the cell border. An important issue
is that fast changing radio channel conditions can hardly
be predicted as the situation in real networks often devi-
ates from that modelled by radio network planning tools.
Hence identifying the best suited target cell for handover
is a key issue for improving the performance of cellular
networks.
[0005] Furthermore, the 3GPP specifications general-
ly do not provide means to instruct a UE in which order
to process the signalled frequency-RAT combinations
nor specify the time how long it can/must scan and proc-
ess one frequency-RAT combination before it moves to
the next one.
[0006] For example, the LTE technical specification
(3GPP TS 36.331 V12.8.0 (2015-12), section 5.5.3.1, ht-
tp://www.3gpp.org/) defines only a procedure which
needs to be performed "for each measld included in the
measldList within VarMeasConfig ", however, the order
of processing of defined measlds is not defined. Further-
more, the LTE technical specification (3GPP TS 36.133
V12.8.0 (2015-07), chapter 8, http://www.3gpp.org/) de-
fines the time period within the UE has to identify and
report a detectable neighbouring cell. Yet, it is not defined
how the UE can or should split the available measuring
and reporting time between different measlds or neigh-
bours within one measld. As a result, network operators
have a very limited possibility to prioritise some neigh-
bours and/or frequency-RAT combinations over others
and thus limited control over processes such as neigh-
bour cell measurement speed, definition of preferred tar-
get frequencies/neighbours for handovers, traffic distri-
bution between frequency and RAT layers, etc.
[0007] One possible implementation based on the
3GPP LTE specifications is presented in Figure 1. In this
example, the network configures four frequency-RAT
combinations (A, B, C, and D) and signals them to a UE.
Once the UE has received the measurement configura-
tion it starts the measurement processing. In the present-
ed example, 111 indicates the processing of the first fre-
quency-RAT combination A during the processing time
T111, 112 indicates the processing of the second frequen-
cy-RAT combination B during the processing time T112,
113 indicates the processing of the third frequency-RAT
combination C during the processing time T113, and 114
indicates the processing of the fourth frequency-RAT
combination D during the processing time T114. After all
the frequency-RAT combinations A, B, C, and D are proc-
essed the procedure is typically repeated from the be-
ginning in a new measurement processing cycle, indicat-
ed by 121-124. The order of processing of the frequency-
RAT combinations A-D can be freely chosen by the UE.
Moreover, the processing time of neighbour detection on
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a specific frequency-RAT combination (T111 - T114 and
T121 - T124) is also freely chosen by the UE as long as
the time requirements from 3GPP TS 36.133 are fulfilled.
[0008] The object of the present invention is thus to
provide a solution which allows a sufficient configuration
of the measurement order without modifying the stand-
ardized procedures for neighbour cell measurements.
[0009] The object of the present invention is achieved
by a method according to the features as defined in claim
1. Preferable aspects of the inventive method are subject
matter of the dependent claims.
[0010] The present invention is based on the basic pre-
requisite that measurements of neighbouring cells in a
cellular mobile telecommunication network are per-
formed by at least one user equipment, such as a mobile
receiver adapted to communicate with the network on
the basis of a cellular mobile communication standard,
e.g. 2G, 3G, 4G or 5G of the 3GPP standard or any mod-
ification thereof.
[0011] Further, the network defines a measurement
configuration including a list of neighbouring cells to be
measured by a user equipment (UE). The measurement
configuration is sent, in particular regularly sent, to the
user equipment in preparation of a cell handover. Ac-
cording to the invention the user equipment performs the
measurement of the neighbouring cells included in the
received measurement configuration based on a meas-
urement processing priority defined for at least one
neighbouring cell and/or at least a group of neighbouring
cells. A group of neighbouring cells is defined by a certain
combination of the cell frequency and the supported cell
radio access technology.
[0012] The inventive idea introduces a priorisation of
neighbouring cells or groups of neighbouring cells for tar-
get cell measurements which are executed in state-of-
the-art technologies. This is achieved by the new param-
eter measurement processing priority which is applied in
these prior art solutions, for instance the measldList with-
in VarMeasConfig according to the LTE technical spec-
ification (3GPP TS 36.331 V12.8.0 (2015-12), section
5.5.3.1, http://www.3gpp.org/) or any other measurement
configuration as defined in the UMTS and GSM standard.
In general, with this inventory step it becomes possible
to adequately configure intra- and inter-RAT measure-
ments for particular situations according to the environ-
mental conditions in cellular mobile communication net-
works that vary in time and location. By introduction of
the parameter the order of priority in which the neigh-
bouring cells/groups of neighbouring cells are measured
at the user equipment can be freely defined and prefer-
able dynamically changed during operation of the net-
work.
[0013] In a preferably aspect of the invention the user
equipment performs the measurement for each neigh-
bouring cell in a certain order according to their defined
measurement processing priority and restarts the meas-
urement of the neighbouring cells from the beginning af-
ter completion of the cell list from the measurement con-

figuration.
[0014] Preferably, a time interval, in particular a mini-
mum and/or a maximum time for measurement process-
ing, is individually defined for at least one neighbouring
cell and/or at least one group of neighbouring cells. The
time interval defines an admissible range for the total
duration of a measurement. For instance, the minimum
time for measurement processing defines the minimum
time a UE has to spend on processing a specific neigh-
bouring cell and/or group of neighbouring cells. The
measurement processing of this specific neighbouring
cell or group of neighbouring cells shall not be shorter
than the time specified by the "minimum time for meas-
urement processing" parameter. Further preferable, the
maximum time for measurement processing defines the
maximum time a UE may spend on searching and meas-
uring a specific neighbouring cell and/or group of neigh-
bouring cells. The measurement processing of this spe-
cific neighbouring cell or group of neighbouring cells shall
not be longer than the time specified by the "maximum
time for measurement processing" parameter. From the
definition it is clear that minimum time for measurement
processing is shorter than the maximum time for meas-
urement processing.
[0015] The parameters measurement processing pri-
ority and/or time interval, e.g. minimum time for meas-
urement processing and maximum time for measure-
ment processing, can be defined according to three dif-
ferent options, namely on a per configured neighbouring
cell basis, a per configured group of neighbouring cells
basis, or as a combination of these two. In case that a
combination of both is used different priorities are possi-
ble and configurable for a neighbouring cell and for the
group of neighbouring cells to which said neighbouring
cell belongs to. Further it is conceivable to provide a suf-
ficient method for determining a precedence priority pa-
rameter (neighbouring cell level, group of neighbouring
cells level, or none).
[0016] According to the first possible option, the pa-
rameters measurement processing priority, minimum
time for measurement processing and maximum time for
measurement processing are defined only on a per con-
figured neighbouring cell basis. In such case the UE per-
forms the measurement processing of the configured
neighbouring cells in the order of measurement process-
ing priority, independent of their frequency and radio ac-
cess technology. The processing time of a single config-
ured neighbouring cell lies in the time interval defined by
the lower limit (minimum time for measurement process-
ing) and the upper limit (maximum time for measurement
processing) defined for the neighbouring cell.
[0017] According to the second possible option the pa-
rameters measurement processing priority, minimum
time for measurement processing and maximum time for
measurement processing are defined only on a per con-
figured group of neighbouring cells basis. In such case
the UE shall perform the measurement processing of the
group of neighbouring cells in the order of measurement
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processing priority of the group. Neighbouring cells be-
longing to the same group shall be processed as if they
had the same measurement processing priority. The pa-
rameters minimum time for measurement processing
and maximum time for measurement processing shall
define the processing time of all neighbour cells within
one configured group. Alternatively, the parameters min-
imum time for measurement processing and maximum
time for measurement processing define the processing
time of one single neighbouring cell configured within one
group.
[0018] According to the third possible option the pa-
rameters measurement processing priority, minimum
time for measurement processing and maximum time for
measurement processing are defined on a per configured
group of neighbouring cells basis. Deviating from the first
and second option, the parameter measurement
processing priority shall be additionally defined on a per
configured neighbouring cell basis within one group of
neighbouring cells. In this case the UE performs the
measurement processing of different groups of neigh-
bouring cells in the order of the measurement processing
priority defined for each group. Neighbouring cells be-
longing to the same group shall be processed in the order
of the per neighbour cell defined measurement process-
ing priority. The parameters minimum time for measure-
ment processing and maximum time for measurement
processing may either define the processing time of all
neighbour cells within one group. Alternatively, the pa-
rameters minimum time for measurement processing
and maximum time for measurement processing may de-
fine the processing time of one single neighbouring cell
configured within one group of neighbouring cells.
[0019] If two or more neighbouring cells and/or groups
of neighbouring cells have the same priority, a method
shall be used to decide in which order to process them.
According to one option of the invention the UE may ran-
domly select the processing order of these neighbouring
cells or groups. Alternatively, the method may use the
order of sequence these neighbouring cells and/or
groups of neighbouring cells with identical priorities are
signaled to the UE by the network.
[0020] Preferable, the defined parameters measure-
ment processing priority and/or time interval, in particular
the minimum and/or maximum time for measurement
processing, are configured/configurable at the network
side and sent to the user equipment. A transmission of
the parameters is possible via broadcast message and/or
dedicated signaling message. It would also be possible
to directly include these parameters into the measure-
ment configuration which is sent to the UE.
[0021] A group of neighbouring cells may be advanta-
geously defined by a certain combination of their used
cell frequency and the cell radio access technology sup-
ported by the cell. The neighbouring cells within one
group have the same frequency and/or support the same
radio access technology.
[0022] The measurement processing priority and/or

the time interval, in particular the minimum time for meas-
urement processing and/or the maximum time for meas-
urement processing, are preferably configured depend-
ent on at least one of the following conditions: The active
service type of the user equipment and/or the current
location of the user equipment and/or the current mobility
of the user equipment and/or the current moving direction
of the user equipment and/or the signal strength and qual-
ity measured by the user equipment for the currently serv-
ing cell and/or a user specific traffic profile and/or network
performance indicators in the serving cell and/or neigh-
bouring cell and/or the whole area where the user equip-
ment is located.
[0023] Differentiation of service types shall preferen-
tially be done via their Quality of Service (QoS) attributes,
i.e. Traffic Class and Traffic Handling Priority for GSM
and UMTS [3GPP TS 23.107 V11.0.0, "Quality of Service
(QoS) concept and architecture", 2012, ht-
tp://www.3gpp.org] and via its QoS Class Identifier (QCI)
for LTE [3GPP TS 23.203 V12.3.0, "Technical Specifi-
cation Group Services and System Aspects; Policy and
charging control architecture", 2013, ht-
tp://www.3gpp.org].
[0024] According to a further preferred aspect of the
invention the QoS attribute Guaranteed Bit-Rate (GBR)
or a combination with the attributes Traffic Class or QCI
shall be used to differentiate between service types for
the def-inition of measurement processing priority, a min-
imum individual measurement processing time and/or a
maximum individual measurement processing time.
[0025] Information about the current location of a UE
may be provided by way of Global Positioning System
(GPS) measurements or any similar technology based
on signal propagation times from several satellites as
well as from evaluation of the radio propagation condi-
tions, i.e. signal strength and signal quality measure-
ments in the serving cell. Preferentially a long minimum
individual measurement processing time and long max-
imum individual measurement processing time shall be
defined for UEs that are sufficiently far away from the
predicted cell border and the measurement processing
priority shall be defined such that the measurements in
the radio access technology that generally provides the
best performance are done first. For instance, measure-
ments for neighboring cells serving the upcoming fifth
generation (5G) should be performed before measure-
ment for cells supporting the LTE/LTE-Advanced (LTE-
A), UMTS and GSM standard. In particular network areas
this sequence might be different due to traffic load, prop-
agation or inter-connection aspects.
[0026] Furthermore, a short minimum individual meas-
urement processing time and a short maximum individual
measurement processing time shall be defined for UEs
of low signal strength and quality of the serving cell. This
setting avoids call drops in poor radio conditions in which
a fast handover to any better suited cell is beneficial.
[0027] The configuration of the measurement process-
ing priority and/or the time interval, in particular the min-
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imum and/or maximum time for measurement process-
ing, can be static or dynamic. In case a dynamic config-
uration is selected the change of the above parameters
may be triggered by a change of at least one of the con-
ditions as mentioned before. The dynamic change of the
parameter values may be triggered at any time, even
during an ongoing connection.
[0028] The proposed method can also be extended to
a case where a UE has multiple receivers used to perform
measurements of several neighbour cells in parallel. Un-
der such circumstances the list of neighbouring cells in-
cluded in the measurement configuration is subdivided
into at least two subsets of neighbouring cells and/or
groups of neighbouring cells. These subsets may be si-
multaneously processed by the multiple receivers of the
UE. In particular, each measurement unit (receiver of the
UE) can be assigned a number of frequency-RAT com-
binations, which is a subset of the complete set of fre-
quency-RAT configurations defined in the serving cell.
The subdivision into subsets and the following assign-
ment to a specific receiver of the UE shall preferably be
done by the network, thus it can be controlled by the
operator. Alternatively, the method also allows the UE
itself to assign the subset, i.e. frequency-RAT combina-
tions, to specific measurement units (receivers). Each
measurement unit/receiver will select the neighbouring
cell/group of neighbouring cells to be measured next ac-
cording to their priority as explained above in conjunction
with the inventive method. The selection and measure-
ment is carried out on each subset of frequency-RAT
combinations within each measurement unit independ-
ently.
[0029] Furthermore, if a neighbouring cell and/or group
of neighbouring cells does not have one or more of the
parameters measurement processing priority and/or time
interval, in particular minimum time for measurement
processing and/or maximum time for measurement
processing defined or one or more of these values are
invalid, a default value for the parameter which is not
configured could be used. Alternatively, the respective
parameter or even the neighbouring cell/group of neigh-
bouring cells could be completely ignored at the user
equipment, i.e. the cell or group of cells is not measured
at the UE.
[0030] Transmission of a measurement report from the
UE to the network is generally independent of the meas-
urement process. This means that a measurement report
can be sent as soon as the conditions necessary for its
transmission are fulfilled, for instance as defined in the
relevant 3GPP specification documents. This can hap-
pen even before the time interval has been exceeded, in
particular the minimum time for measurement processing
has expired. According to one aspect of the invention,
after the measurement report has been transmitted to
the network the UE shall still continue and complete at
least an ongoing measurement of a neighbour cell and/or
a group of neighbouring cells at least until the minimum
time for measurement processing has expired. Accord-

ing to another aspect of the invention, after the measure-
ment report has been transmitted the UE may stop an
ongoing measurement for at least one neighbouring cell
and/or a group of neighbouring cells, for which the min-
imum time for measurement processing has yet not been
expired, and to move to the next neighbouring cell and/or
group of neighbouring cells in the order of the priority. A
decision to move to the next neighbouring cell and/or
group of neighbouring cells after the measurement report
has been sent can be based on different conditions and
inputs. For instance the signal level and/or quality of the
reported neighbour cell is higher than a pre-defined
threshold, the number of detected and reported neigh-
bour cells of one group of neighbouring cells during the
time interval is higher than a pre-defined threshold, or
any combination of these or any other conditions and
inputs.
[0031] The object of the present invention is also
solved by a mobile cellular communication network con-
figured to execute the method steps according to the
present invention. The properties and advantages of the
network obviously correspond to the above discussion
in regard to the inventive method. The present invention
is also directed to a base station as well as a user equip-
ment capable of processing the inventive method steps
according to the present invention. A possible user equip-
ment is for instance a mobile phone, smartphone, laptop,
PC, Tabled, Wearable, etc..
[0032] The inventive procedure of modifications of the
measurement configuration, according to the invention,
is explained in more details in the sequel. The figures
show:

Figure 1: a time diagram displaying the chronology of
the cell measurements according to a con-
ventional prior art procedure,

Figure 2: a time diagram displaying the chronology of
cell measurements according to a first em-
bodiment of the invention,

Figure 3: another time diagram displaying the chro-
nology of cell measurements according to a
further embodiment of the invention and

Figure 4: a block diagram showing the implementa-
tion of the inventive algorithm.

[0033] One of the presented embodiments of the in-
vention is illustrated in Figure 2. In this example, the net-
work configures four frequency-RAT combinations (A, B,
C, and D) and signals them to a UE. For each frequency-
RAT combination, the network signals the "measurement
processing priority", defined by the parameter Prio_x
(x=1...4), as well as "minimum time for measurement
processing" and "maximum time for measurement
processing", defined by the parameters Tmin_x and
Tmax_x, (x=1...4) respectively. The actual measurement
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processing time T21x/T22x fulfils the relation 

[0034] Prio_x, Tmin_x, and Tmax_x can be set by the
network operator independently for each configured fre-
quency-RAT combination. As the parameters "measure-
ment processing priority", "minimum time for measure-
ment processing" and "maximum time for measurement
processing" are only defined per frequency-RAT combi-
nation, all the neighbour cells belonging to one specific
frequency-RAT combination are processed assuming
that they have the same "measurement processing pri-
ority". Moreover, the processing time T21x/T22x repre-
sents the overall time for processing of all neighbouring
cells within this frequency-RAT combination.
[0035] Reference sign 211 indicates the processing of
the frequency-RAT combination C during processing
time T211. The processing priority of the frequency-RAT
combination C is defined by the parameter Prio_1. The
parameters Tmin_1 and Tmax_1 define the processing
window of the frequency-RAT combination C, where
Tmin_1 ≤ T211 ≤ Tmax_1.
[0036] Reference sign 212 indicates the processing of
the frequency-RAT combination A during processing
time T212. The processing priority of the frequency-RAT
combination A is defined by the parameter Prio_2. The
parameters Tmin_2 and Tmax_2 define the processing
window of the frequency-RAT combination A where
Tmin_2 ≤ T212 ≤ Tmax_2.
[0037] Reference sign 213 indicates the processing of
the frequency-RAT combination D during the processing
time T213. The processing priority of the frequency-RAT
combination D is defined by the parameter Prio_3. The
parameters Tmin_3 and Tmax_3 define the processing
window of the frequency-RAT combination D, where
Tmin_3 ≤ T213 ≤ Tmax_3.
[0038] Reference sign 214 indicates the processing of
the frequency-RAT combination B during processing
time T214. The processing priority of the frequency-RAT
combination B is defined by the parameter Prio_4. The
parameters Tmin_4 and Tmax_4 define the processing
window of the frequency-RAT combination B, where
Tmin_4 ≤ T214 ≤ Tmax_4.
[0039] In the presented case, the order of the priority
is Prio_1 > Prio_2 > Prio_3 > Prio_4, such that the fre-
quency-RAT combination C is processed first, the fre-
quency-RAT combination A is processed second, the fre-
quency-RAT combination D is processed third, and the
frequency-RAT combination B is processed fourth. After
all four frequency-RAT combinations are processed the
procedure is repeated, as indicated by 221, 222, 223,
and 224. The processing times in the second cycle (T22x)
can be generally different than in the first cycle, i.e. T21x
≠ T22x.
[0040] Another presented embodiment of the invention

is illustrated in Figure 3. In this example, the network
configures seven neighbouring cells (A1, B1, C1-C3, D1-
D2) on four frequency-RAT combinations (A, B, C and
D). Neighbouring cell A1 belongs to frequency-RAT com-
bination A. Neighbouring cell B1 belongs to frequency-
RAT combination B. Neighbouring cells C1-C3 belong to
frequency-RAT combination C. Neighbouring cells D1
and D2 belong to frequency-RAT combination D. The
parameters "measurement processing priority" (Prio_x,
x=1...7), "minimum time for measurement processing"
(Tmin_x, x=1...7) and "maximum time for measurement
processing" (Tmax_x, x=1...7) are defined only per each
configured neighbouring (NBR) cell, where x=1 corre-
sponds to NBR C1, x=2 corresponds to NBR C2, x=3
corresponds to NBR A1, x=4 corresponds to NBR D1,
x=5 corresponds to NBR B1, x=6 corresponds to NBR
D2, and x=7 corresponds to NBR C3. Furthermore,
Prio_1 > Prio_2 > Prio_3 > Prio_4 > Prio_5 > Prio_6 >
Prio_7.
[0041] Thus the neighbour cells are processed in the
following order: C1, C2, A1, D1, B1, D2, C3. The actual
processing time T31x/T32x fulfils the relation Tmin_x
≤T31x/T32x ≤Tmax_x. Analogue to Figure 2, the reference
signs 31 x represent the processing of the corresponding
neighbour x in the first cycle during the processing time
T31x. The reference signs 32x represent the processing
of the corresponding neighbour x in the following cycle
during the processing time T32x. In general, the process-
ing time of the second cycle needs not to be equal to the
processing time of the subsequent cycle (T31x ≠ T32x).
[0042] The algorithm used for the neighbour measure-
ment procedure according to the presented invention is
illustrated in Figure 4. On the network side, two processes
are running. Reference sign 401 indicates the process
where the values of the parameters "measurement
processing priority", "minimum time for measurement
processing" and "maximum time for measurement
processing" are set for neighbouring cells and/or fre-
quency-RAT combinations.
[0043] The values of the proposed parameters "meas-
urement processing priority", "minimum time for meas-
urement processing" and "maximum time for measure-
ment processing" can be set based on different inputs,
such as:

i. Active service type (voice, video call, data, stream-
ing, etc. or any combination of these). Differentiation
of these services shall preferentially be done via their
Quality of Service (QoS) attributes, i.e. Traffic Class
and Traffic Handling Priority for GSM and UMTS
[3GPP TS 23.107 V11.0.0, "Quality of Service (QoS)
concept and architecture", 2012, ht-
tp://www.3gpp.org] and via their QoS Class Identifier
(QCI) for LTE [3GPP TS 23.203 V12.3.0, "Technical
Specification Group Services and System Aspects;
Policy and charging control architecture", 2013, ht-
tp://www.3gpp.org]. In a further embodiment of this
invention, the QoS attribute Guaranteed Bit-Rate
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(GBR) or a combination with the attributes Traffic
Class or QCI shall be used to differentiate between
service types for the definition of "measurement
processing priority", "minimum time for measure-
ment processing", and/or "maximum time for meas-
urement processing".
ii. UE location, mobility and direction of movement.
Information about the location of the UE is available
via Global Positioning System (GPS) measurements
or any similar technology based on signal propaga-
tion times from several satellites, as well as from
evaluation of the radio propagation conditions, i.e.
signal strength and signal quality measurements in
the serving cell. Preferentially long "minimum time
for measurement processing" and long "maximum
time for measurement processing" shall be defined
for UEs that are sufficiently far away from the pre-
dicted cell border and the "measurement processing
priority" shall be defined such that the measure-
ments in the RAT that generally provides the best
performance are done first. This is typically the up-
coming fifth generation (5G) before LTE/LTE-Ad-
vanced (LTE-A), UMTS, and GSM. In particular net-
work areas this sequence might be different due to
traffic load, propagation or inter-connection aspects.
iii. Signal strength and quality. Preferentially a short
"minimum time for measurement processing" and a
short "maximum time for measurement processing"
shall be defined for UEs of low signal strength and
quality of the serving cell. This setting avoids call
drops in poor radio conditions in which a fast hando-
ver to any better suited cell is beneficial.
iv. Network performance indicators in the serving
cell, neighbouring cell or the whole area where the
UE is located, or any combination of these.
v. User specific traffic profile.
vi. Any combination of the above mentioned or any
other inputs.

[0044] The values can be set statically or dynamically,
and can depend on different inputs, as explained above.
In case of dynamic settings, the parameter change can
be generally triggered at any time (i.e. even during an
ongoing connection) as a result of changes of the above
mentioned inputs.
[0045] Reference sign 402 indicates the process
where the measurement configurations including the pa-
rameters "measurement processing priority", "minimum
time for measurement processing" and "maximum time
for measurement processing" for configured neighbour-
ing cells and/or frequency-RAT combinations are sent to
the UE. Sending of the measurement configuration is trig-
gered by different events, according to the relevant 3GPP
documentation.
[0046] On the UE side, two processes are running. Ref-
erence sign 411 indicates the first step of the first process,
where the UE receives and decodes the measurement
configuration from the network including the parameters

"measurement processing priority", "minimum time for
measurement processing" and "maximum time for meas-
urement processing". In step 412 of the first process the
neighbour measurements are activated/deactivated
based on the parameters indicated in the measurement
configuration and rules defined in the relevant 3GPP
specifications. The second process, containing steps
421 and 422, is active only if neighbour measurements
are activated. In step 421 the neighbour measurement
algorithm selects a configured neighbouring cell or fre-
quency-RAT combination for measurement processing
in the descending order of the assigned measurement
processing priority Prio_x. If all neighbouring cells/fre-
quency-RAT combinations have been processed, a new
measurement processing cycle is started from the be-
ginning. In step 422 the UE performs the measurement
processing of the selected neighbouring cell/frequency-
RAT combination during processing time T_x, where
Tmin_x ≤ T_x ≤ Tmax_x. After the measurement process-
ing is finished the process returns to step 421.
[0047] The benefits of the presented invention are
summarized below:

- It solves multiple problems detected in current multi-
RAT networks, such as:

o Different Packet Switched Handover (PSHO)
/ Single Radio Voice Call Continuity (SRVCC)
thresholds for GSM and UMTS, which leads to
different LTE service areas towards GSM and
UMTS, as well as smaller LTE footprint in the
inter-RAT cell reselection from GSM/UMTS to
LTE.
+ Inability to precisely define the preferred target
RAT for Circuit Switched Fall-Back (CSFB) in
case that both GSM and UMTS neighbours are
defined.
+ Inability to influence the order and time of
neighbour cell search in case of procedures re-
quiring very fast neighbour measurements (like
CSFB call setup, handovers due to fast signal
level drop, early SRVCC, etc.).

[0048] The presented invention is applicable for all ex-
iting 3GPP technologies, such as GSM, UMTS, LTE, and
LTE-A, as well as the upcoming 5G technology. Imple-
mentation in the 3GPP standard specification allows
reaching all presented benefits.

Claims

1. A method for the measurement of neighbouring cells
in a cellular mobile telecommunication network
wherein the network defines a measurement config-
uration which includes a list of neighbouring cells to
be measured by a user equipment and which is sent
to the user equipment in preparation of a cell hando-
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ver,
characterized in
that the user equipment performs the measurement
of the neighbouring cells included in the measure-
ment configuration based on a measurement
processing priority defined for at least one neigh-
bouring cell and/or at least one group of neighbour-
ing cells.

2. The method according to claim 1 characterized in
that a time interval, in particular a minimum and/or
a maximum time for measurement processing, is in-
dividually defined for at least one neighbouring cell
and/or at least one group of neighbouring cells,
wherein the actual measurement duration for the re-
spective neighbouring cell and/or group of neigh-
bouring cell lies within the admissible time interval
as defined for the measured neighbouring cell and/or
group of neighbouring cells.

3. The method according to any of the preceding claims
characterized in that different priorities are config-
ured/configurable for a neighbouring cell and to the
group of neighbouring cells to which the neighbour-
ing cell belongs to.

4. The method according to any of the preceding claims
characterized in that the defined parameters meas-
urement processing priority and/or time interval, in
particular the minimum and/or maximum time for
measurement processing, are configured/configura-
ble at the network side and sent to the user equip-
ment, in particular via broadcast message and/or
dedicated signaling message and/or with the meas-
urement configuration.

5. The method according to any of the preceding claims
characterized in that the user equipment performs
the measurement for each neighbouring cell in a cer-
tain order according to their defined measurement
processing priority and restarts the measurement of
the neighbouring cells from the beginning after com-
pletion of the cell list included in the measurement
configuration.

6. The method according to any of the preceding claims
characterized in that in case two or more neigh-
bouring cells and/or groups of neighbouring cells
have the same priority the processing order of these
cells and/or groups can be randomly selected by the
UE or is defined by the sequence they have been
signaled to the UE by the network.

7. The method according to any of the preceding claims
characterized in that a group of neighbouring cells
is defined by a certain combination of the cell fre-
quency and the supported cell radio access technol-
ogy.

8. The method according to any of the preceding claims
characterized in that the measurement processing
priority and/or minimum and/or maximum time for
measurement processing are configured dependent
on at least one of the following conditions the active
service type of the user equipment and/or the current
location of the user equipment and/or the current mo-
bility of the user equipment and/or the current moving
direction of the user equipment and/or the signal
strength and quality measured by the user equip-
ment for the currently serving cell and/or a user spe-
cific traffic profile and/or network performance indi-
cators in the serving cell and/or neighbouring cell
and/or the whole area where the user equipment is
located.

9. The method according to any one of the preceding
claims characterized in that the configuration of the
measurement processing priority and/or minimum
and/or maximum time for measurement processing
are static or dynamic wherein in case of a dynamic
configuration the change of the parameter values
may be triggered by a change of the conditions ac-
cording to claim 8 at any time, in particular even dur-
ing an ongoing connection.

10. The method according to any of the preceding claims
characterized in that the list of neighbouring cells
of the measurement configuration is subdivided into
at least two subsets of neighbouring cells and/or
groups of neighbouring cells which can be separate-
ly, in particular simultaneously, processed by differ-
ent receivers of a user equipment including multiple
receivers.

11. The method according to any of the preceding claims
characterized in that in case the measurement
processing priority and/or the time interval, in partic-
ular the minimum and/or maximum time for meas-
urement processing are not configured for a neigh-
bouring cell and/or a group of neighbouring cells or
the value of any of these parameters is invalid, a
default value is used for the missing parameter or
the neighbouring cell/group of neighbouring cell is
completely ignored at the user equipment.

12. The method according to any of the preceding claims
characterized in that an ongoing measurement for
a neighbouring cell/group of neighbouring cells is
completed by the user equipment although the con-
ditions for transmission of a measurement report to
the network are met.

13. The method according to any one of the preceding
claims characterized in that the user equipment
stops an ongoing measurement for a neighbouring
cell/group of neighbouring cells if the conditions for
transmission of a measurement report to the network
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are met.

14. A mobile cellular communication network configured
to execute the method according to any of the pre-
ceding claims 1 to 13.

15. A user equipment configured to execute the method
according to any of the preceding claims 1 to 13.

16. A network device, in particular a base station, for a
mobile cellular network configured to execute the
method according to any of the preceding claims 1
to 13.
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