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METHODS AND APPARATUSES FOR CELL EVALUATION

Technical field

[0001] The present disclosure relates generally to a solution for supporting cell

evaluation for mobile terminals in a cellular network for radio communication.

Background

[0002] Cellular networks for radio communication typically comprise multiple
cells with radio coverage provided by base stations or other radio nodes, which
thus can provide connections for mobile terminals, or User Equipments (UEs),
when present in respective cells. In the following, the term “base station” will be
used to generally represent a node providing radio coverage in a cell, which node
is commonly referred to as a radio base station, base transceiver station, e-Node
B, etc., depending on the technology and terminology used. The term “terminal”
will also be used for short in this description to represent any wireless or mobile
terminal or device capable of radio communication with a base station. It should be
further noted that this description pertains to any technologies and communication
standards where cell evaluation can be employed, such as Global System for
Mobile communication (GSM), Universal Mobile Telecommunications System
(UMTS), Long Term Evolution (LTE), etc.

[0003] A cellular network is typically divided into so-called “tracking areas”,
sometimes also termed “registration areas”, “location areas” or “paging areas”.
Such tracking areas are used to enable paging of terminals based on e.g. tracking
area update messages transmitted regularly from the terminals to the network as
they move from one tracking area to another. In this way, the network can page a
terminal for an incoming call or session by transmitting a paging message only in
the cells of the terminal’s latest reported tracking area. Thus, an idle terminal
needs to be served by a base station in an appropriate cell in order to detect such

a paging message, among other things.

[0004] When a terminal is present in an area of cells covered by different base
stations, it selects one of the cells to be its “serving cell” by measuring cell-specific

Reference Signals (RSs) being constantly transmitted, typically with fixed power,
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in the cells from respective base stations. The cell-specific reference signal may
be denoted depending on the standard used, such as “RS signal” or “common pilot
channel”. In some examples, LTE uses a Cell Specific Reference signal (CRS),
Wideband Code Division Multiple Access (WCDMA) uses a Common Pilot
Channel (CPICH) and GSM uses a Broadcast Control Channel (BCCH) for
estimating signal quality. The terminals are thus configured to receive and
measure such reference signals from different base stations, and to evaluate the
cells based on an estimated quality of the received reference signals in order to

select a serving cell to “camp” on.

[0005] The signal quality can be estimated in different ways, e.g. by measuring
the received power or strength of the reference signal, or by measuring the power-
to-interference ratio of the reference signal. The signal quality estimate of the cell
obtained in this way will be referred to as Reference Signal Quality (RSQ) in the
following, regardless of how the signal quality is estimated in practice. The cell
having the “best”, i.e. highest, RSQ is then typically selected by the terminal as the
serving cell, which the terminal can use for receiving network information, listening
for paging messages, sending tracking area update messages, as well as for

establishing a connection for a communication session when required.

[0006] The process of evaluating cells for selecting a cell as suitable for being
the terminal’s serving cell is commonly referred to as “cell selection”, while the
process of selecting a new cell to replace a current cell as the terminal’s serving
cell is commonly referred to as “cell re-selection”. The terminals are configured to
frequently perform cell evaluation when not engaged in a communication session,
which is sometimes called that the terminals are in the “idle state”. A terminal may
thus change its serving cell, i.e. perform cell re-selection, when the estimated RSQ
from a new cell is sufficiently higher than the estimated RSQ from the current

serving cell.

[0007] The decision whether to change the serving cell or not is taken by the
terminal based solely on the above signal measurements. Typically, it also
depends on a predefined cell evaluation condition. For example, the cell

evaluation condition may dictate that re-selection from a current serving cell to a
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new cell should be made when the RSQ of the new cell exceeds the RSQ of the
current serving cell with a certain amount “A”, or when the RSQ of the new cell
exceeds a certain threshold “T”. The above parameters A and T may be
configurable, e.g. to avoid unwanted re-selection oscillations while still ensuring
that a proper cell is selected for correct and efficient signal reception and radio
performance. A hysteresis may also be employed such that a new cell re-selection
cannot occur until a certain time has elapsed since the latest cell re-selection.

[0008] However, it has been recognized as a problem that the RSQ is not
always a very accurate indicator of the radio performance in the cell but can
actually be rather misleading sometimes, such as when the cells have different

abilities for serving terminals in terms of data communication and accessibility.

[0009] Even though it may be possible to deal with this problem, at least partly,
by configuring the above parameters A and T to compensate for any such
differences between cells, considerable efforts and knowledge are required from
the network operator to enable useful and comparable measurements of the RSQ
for evaluation of the cells. Moreover, the parameters A and T may need to be
configured dynamically due to changing conditions and must also be
communicated to all terminals for them to apply the parameters properly when

evaluating their signal measurements.

Summary

[00010] It is an object of the invention to address at least some of the problems
and issues outlined above. It is possible to achieve these objects and others by

using methods and apparatuses as defined in the attached independent claims.

[00011] According to one aspect, a method is provided in a base station providing
radio coverage in a cell, for supporting cell evaluation for mobile terminals in a
cellular network. In this method, the base station determines a set of cell-specific
parameters pertaining to data throughput in the cell, and estimates values of an
Expected User Throughput, EUT, for a series of candidate Reference Signal
Quality, RSQ, values based on the determined set of cell-specific parameters. The
base station then broadcasts the estimated EUT values as EUT information in the
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cell. Thereby, mobile terminals are enabled to evaluate the cell for cell selection or
re-selection based on the broadcasted EUT information.

[00012] According to another aspect, a base station is configured to provide radio
coverage in a cell and support cell evaluation for mobile terminals in a cellular
network. The base station comprises a determining unit adapted to determine a
set of cell-specific parameters pertaining to data throughput in the cell, and an
estimating unit adapted to estimate values of an Expected User Throughput, EUT,
for a series of candidate Reference Signal Quality, RSQ, values based on the
determined set of cell-specific parameters. The base station also comprises a
broadcasting unit adapted to broadcast the estimated EUT values as EUT
information in the cell, to enable mobile terminals to evaluate the cell for cell
selection or re-selection based on the broadcasted EUT information.

[00013] The broadcasted EUT information of this solution thus reflects the
performance that can be achieved in the cell at different signal qualities, which
provides a more relevant and truthful basis for evaluating cells by mobile
terminals, as compared to conventionally using just the RSQ parameter.

[00014] The above method and base station may be configured and implemented
according to different optional embodiments. In one possible embodiment, the cell-
specific parameters are related to at least one of: a current traffic load in the cell,
radio resources available for the cell, statistics on data throughput achieved in
previously executed sessions in the cell at one or more of said candidate RSQ
values, and currently broadcasted EUT information. The above-mentioned radio
resources may include at least one of: bandwidth allocated for the cell, the number
of antennas used by the base station, hardware equipment in the base station,
software installed in the base station and radio access technology used by the

base station.

[00015] In other possible embodiments, estimating the EUT values may comprise
at least one of: calculating the EUT values based on a link budget corresponding
to each candidate RSQ value, and deriving the EUT values from statistics on data
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throughput achieved in previously executed sessions in the cell at different
candidate RSQ values and traffic load conditions.

[00016] The broadcasted EUT information may further comprise one EUT value
representative for each candidate RSQ value, or a first EUT value pertaining to
uplink and a second EUT value pertaining to downlink for each candidate RSQ

value.

[00017] According to another aspect, a method is provided in a mobile terminal
for cell evaluation in a cellular network. In this method, the mobile terminal reads
Expected User Throughput, EUT, information broadcasted from a base station
providing radio coverage in a cell, said EUT information comprising cell-specific
EUT values for a series of candidate Reference Signal Quality, RSQ, values. The
mobile terminal then determines from the EUT information a valid EUT value that
corresponds to an RSQ value measured on reference signals from the base
station, and evaluates the cell for cell selection or re-selection based on the
determined valid EUT value.

[00018] According to another aspect, a mobile terminal is configured to support
cell evaluation in a cellular network. The mobile terminal comprises a reading unit
adapted to read Expected User Throughput, EUT, information broadcasted from a
base station providing radio coverage in a cell, said EUT information comprising
cell-specific EUT values for a series of candidate Reference Signal Quality, RSQ,
values. The mobile terminal also comprises an evaluating unit adapted to
determine from the EUT information a valid EUT value that corresponds to an
RSQ value measured on reference signals from the base station, and to evaluate
the cell for cell selection or re-selection based on the determined valid EUT value.

[00019] The above method and mobile terminal may be configured and
implemented according to different optional embodiments. In one possible
embodiment, a valid EUT value is determined for at least one other cell and the
cells are ranked according to their valid EUT values, wherein a cell having the
highest EUT value is selected as serving cell for the terminal. Further, a new cell,

different from a current serving cell, may be selected as serving cell for the
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terminal if the new cell fulfils a predefined evaluation condition for the determined
valid EUT value. In another possible embodiment, the EUT information may be
used for evaluating the cell only if the measured RSQ value exceeds a preset

minimum threshold.

[00020] Further possible features and benefits of this solution will become
apparent from the detailed description below.

Brief description of drawings

[00021] The invention will now be described in more detail by means of
exemplary embodiments and with reference to the accompanying drawings, in

which:

[00022] Fig. 1 is a communication scenario illustrating how two exemplary cells
can be evaluated for cell selection or re-selection by a terminal, according to a
possible embodiment.

[00023] Fig. 2 is a flow chart illustrating a procedure in a base station for
supporting cell evaluation, according to further possible embodiments.

[00024] Fig. 3 is a flow chart illustrating a procedure in a terminal for supporting
cell evaluation, according to further possible embodiments.

[00025] Fig 4 is a schematic diagram illustrating a first example of broadcasted
information on expected user throughput, according to a possible embodiment.

[00026] Fig 5 is a schematic diagram illustrating a second example of
broadcasted information on expected user throughput, according to another
possible embodiment.

[00027] Fig. 6 is a block diagram illustrating a base station and a terminal in more
detail, according to further possible embodiments.

Detailed description

[00028] Briefly described, a solution is provided to enable more accurate cell

evaluation for mobile terminals in a cellular network by broadcasting from the base
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stations a newly introduced cell-specific information element or parameter which in
this description will be termed “Expected User Throughput”, EUT. In this solution,
the base stations estimate values of the EUT parameter for different RSQ values,
i.e. by calculating or otherwise deriving the throughput of data that a mobile
terminal is potentially able to achieve with different signal qualities as indicated by
measured RSQ values. The base stations then broadcast the estimated EUT
values as “EUT information” which can be received and read by any nearby mobile
terminals as a basis for cell evaluation. In this description, “user throughput” and
“data throughput” are equivalent and these terms can be mutually exchanged
throughout.

[00029] The EUT parameter may be estimated for a number of candidate RSQ
values in different ways. For example, the EUT values may be theoretically
calculated for each cell based on a link budget for each candidate RSQ value in
that particular cell, which will be described in more detail later below. Alternatively
or additionally, the EUT values may be derived from stored statistics on actual
throughput previously achieved in sessions executed in the cell at different RSQ
values and different load conditions, to be broadcasted when similar load

conditions occur in the cell.

[00030] A mobile terminal can then, for one or more potential cells, measure the
RSQ as usual, i.e. quality of received reference signals, translate the measured
RSQ value into a corresponding EUT value according to the broadcasted EUT
information, and evaluate the measured cells for selection or re-selection
according to their EUT values. The EUT parameter or element is a more useful
basis for the cell evaluation, as compared to using only the conventional RSQ
parameter, by indicating an actual ability to serve the terminal. For example, a cell
may provide for very good signal quality in a measuring mobile terminal but may at
the same time be short on resources for serving the terminal which will be
reflected by an EUT value valid for the measuring terminal, making the cell a poor
candidate for the terminal to camp on.

[00031] An example of how cells in a cellular network can be evaluated by a

mobile terminal for cell selection or re-selection, will now be described with
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reference to the scenario illustrated in Fig. 1. In this example, two base stations
100A and 100B provide radio coverage in cells 102A and 102B, respectively, and
a mobile terminal 104 is located in the network such that it is able to receive and
read information broadcasted by the base stations 100A and 100B, including the
above-described cell-specific EUT information. At this point, the terminal 104 may
already be camping on a cell, e.g. one of the cells 102A and 102B.

[00032] The terminal 104 is configured to perform cell re-selection in order to be
connected to a useful serving cell, which in this solution is selected based on the
broadcasted EUT information as follows. In this regard, it is assumed that both
cells 102A, 102B are potential serving cells for the terminal 104 since it can read
broadcasted information of the cells. Although only two cells are involved in this
example, it should be understood that any number of cells may be involved in cell
evaluation as described here.

[00033] As indicated by actions 1:1A and 1:1B, the base stations 100A, 100B
broadcast cell-specific EUT information and also transmit cell-specific reference
signals “RS” at fixed power on which any mobile terminals in the area can
measure RSQ according to regular procedures. The EUT information comprises
values of expected user throughput, EUT values, which the base stations have
estimated for a series of different candidate RSQ values. The EUT values indicate
the throughput of data that a mobile terminal can achieve at respective candidate
RSQ values. Thus, each candidate RSQ value is associated with a cell-specific
EUT value in the broadcasted EUT information, which may be presented in the
form of a table or the like.

[00034] The broadcasted EUT information may comprise a single EUT value
representative for each candidate RSQ value, where the representative EUT value
may pertain to either uplink or downlink transmissions or both. Alternatively, the
EUT information may comprise a first EUT value pertaining to uplink transmissions
and a second EUT value pertaining to downlink transmissions, the first and second
EUT values being jointly representative for each candidate RSQ value. The
process of obtaining values of the EUT parameter for different RSQ values will be
described in more detail later below with reference to Figs 2-6.
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[00035] A next action 1:2 indicates that the terminal 104 measures the RSQ on
the reference signals transmitted by the base stations 100A, 100B. In Fig. 1, the
terminal 104 is shown located somewhat closer to base station 100A than to base
station 100B, likely resulting in a stronger signal from base station 100A and a
higher RSQ measured at the terminal, as compared to the signal from base station
100B. In conventional procedures for cell selection or re-selection, the terminal
104 would therefore rank cell 102A higher than cell 102B when evaluating the

cells.

[00036] In this solution however, instead of evaluating the cells 102A and 102B
for selection merely based on the measured RSQ values, the terminal 104 reads
the EUT information broadcasted from each base station 100A, 100B and
determines a valid EUT value in the EUT information that corresponds to the
measured RSQ value of each cell, in a further action 1:3. If the measured RSQ
value does not exactly match a candidate RSQ value in the EUT information, the
terminal may select the candidate RSQ value in the EUT information being closest
to the measured RSQ value for determining a valid EUT value in this process.
Alternatively, the valid EUT value may be determined by interpolation or
extrapolation of EUT values in the EUT information, in proportion to the deviation
of the measured RSQ value from the candidate RSQ values.

[00037] The terminal 104 then evaluates the cells 102A, 102B based on the
determined valid EUT values for each cell, in a last shown action 1:4. Even
though the terminal 104 is located closer to base station 100A than to base station
100B, the valid EUT value of base station 100A is not necessarily higher than the
valid EUT value of base station 100B, due to various cell-specific factors which will
be described in more detail below. In this solution, the determined valid EUT value
is a more accurate indicator of radio performance in a cell than the measured RSQ
value and the terminal 104 can rank the cells accordingly in the evaluation.

[00038] With reference to the flow chart in Fig. 2, the solution will now be
described in terms of actions executed in a base station providing radio coverage
in a cell of a cellular network, such as base stations 100A, 100B in Fig. 1. ltis

assumed that the base station more or less continuously transmits reference
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signals as usual on which mobile terminals can measure the RSQ according to

regular procedures. In this solution, the base station will also broadcast cell-

specific EUT information as a basis for cell evaluation by mobile terminals in the

area. Before that, however, the base station must determine the EUT information

to be broadcasted as follows.

In this process, the base station determines a set of cell-specific parameters

pertaining to data throughput in the cell, as shown in an action 200, which will be

used for estimating the EUT. The term “cell-specific parameters” thus refer to any

factors or conditions which potentially have influence on the data throughput that

can be achieved by communicating mobile terminals when connected to the base

station, e.g. in terms of kilobits per second, kbps. Some examples of such cell-

specific parameters that may be used in this context, without limitation, include:

A)

B)

A current traffic load in the cell. This parameter may have a significant
influence on the data throughput in the cell such that a high traffic load
implies that many mobile terminals are active in communication and must
share a restricted amount of radio resources in the cell, e.g. when using
scheduling procedures, resulting in limited throughput for each mobile
terminal, at least in average, thus implying a relatively low EUT value. On
the other hand, if the traffic load is relatively low, each individual mobile
terminal can use a greater amount of radio resources resulting in higher

throughput thus implying a relatively high EUT value.

The amount of radio resources available for the cell, e.g. in terms of
bandwidth allocated for the cell, the number of antennas used by the
base station, hardware equipment in the base station, software installed
in the base station, radio access technology used by the base station,
etc. Naturally, this parameter affects the data throughput in the cell in that
a large amount of available radio resources can provide for relatively high
throughput in the cell, while a smaller amount of available radio

resources entails lower throughput.
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C) Statistics on data throughput achieved in previously executed sessions in
the cell at different candidate RSQ values and traffic load conditions. This
parameter thus reflects a history of data throughputs achieved for mobile
terminals in the cell in the past when having measured the respective
RSQ values. If this parameter is used for predicting the throughput for
mobile terminals in the cell, it is assumed that if a certain level of data
throughput has been achieved in the past at certain traffic load
conditions, the same throughput level will likely be achieved also in the

future at similar traffic load conditions.

D)  Currently broadcasted EUT information. This parameter may be
considered such that the current, i.e. the most recently broadcasted, EUT
information is maintained in the broadcast if the radio conditions have not
changed significantly in the cell, or if oscillating cell re-selections should
be avoided. For example, the base station may be configured not to
change the EUT information in the broadcast until a certain time has
elapsed since the foregoing change. This may be valuable because if the
EUT information is changed too frequently, a large number of mobile
terminals may switch their serving cell quite often causing undue burden

on the base station.

[00039] Of the above examples, A) is a typically dynamic parameter that may
rapidly change over time, while B) is a more or less static parameter dependent on
the configuration in the base station although it may change once in a while.
Parameter C) may change relatively slowly over time while parameter D) may
change more rapidly depending on whether the load conditions in the cell change.

[00040] In a next action 202, the base station estimates values of the EUT
parameter for different candidate RSQ values based on the determined cell-
specific parameters, e.g. using any of the examples presented above. As
mentioned above, the EUT values are consequently cell-specific and can be
determined in different ways.
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[00041] One possible option is to calculate the EUT values theoretically for each
RSQ value based on a theoretical model considering the cell's available radio
resources according to parameter B) and the current level of traffic load according
to parameter A). The theoretical model may involve calculating a link budget for

each candidate RSQ value under the current circumstances, as mentioned above.

[00042] A link budget includes basically a description of all of the gains and
losses of signals from a transmitter to a receiver, implied by the considered
candidate RSQ value, which accounts for the attenuation of the transmitted signal
due to propagation through the air interface and intermediate equipment. Knowing
the RSQ value and parameters A) and B), such a link budget can thus be
calculated and the resulting data throughput can be estimated therefrom, e.g.
according to a known conventional calculation method, which is not necessary to

describe as such in any detail to understand this solution.

[00043] Another possible option mentioned above is to derive the EUT values for
the candidate RSQ values empirically from stored statistics on data throughputs
previously achieved for sessions in the cell during similar load conditions
according to C) above, thus assuming that the conditions for communication have
not changed significantly such that the EUT values will be valid also for any

forthcoming sessions.

[00044] In a final shown action 204, the base station broadcasts EUT information
comprising the candidate RSQ values and associated estimated EUT values, as a

basis for cell evaluation, corresponding to actions 1:1A, 1:1B above.

[00045] Fig. 3 illustrates a first example of EUT information broadcasted from a
base station 300. The broadcasted EUT information is shown as a table 302 with a
column 302a with candidate RSQ values in dB and another column 302b with
associated estimated EUT values in kbps. It can be seen in this example that a
relatively “bad” RSQ value of, say, -120 dB is assumed to provide a low expected
data throughput EUT of 10 kbps, while a “better” RSQ value of, say, -90 dB is
assumed to provide a significantly higher expected data throughput EUT of 1000

kbps. In another cell, these figures may be different such that the same measured
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RSQ value could result in different EUT values in that cell. For example, a
measured RSQ value of -120 dB may instead be assumed to provide an EUT of
100 kbps and a RSQ value of -90 dBm may be assumed to provide an EUT of 700
kbps in the other cell. The cells may thus be ranked differently than when only the

RSQ parameter is used for evaluation.

[00046] Fig. 4 illustrates a second example of EUT information broadcasted from
a base station 400. The broadcasted EUT information is shown as a table 402 with
a column 402a with candidate RSQ values in dB and one column 402b with
associated EUT values in kbps estimated for downlink transmissions and another
column 402¢ with associated EUT values in kbps estimated for uplink
transmissions. Thereby, the cells can be evaluated differently by mobile terminals
for downlink and uplink transmissions. In that case, the terminals may select
different serving cells depending on whether downlink or uplink transmissions are
anticipated. Alternatively, the terminals may evaluate the cells based on an
average of downlink and uplink EUT values. The EUT values in Fig. 3 can be seen

as representative for both uplink and downlink.

[00047] With reference to the flow chart in Fig. 5, the solution will now be
described in terms of actions executed in a mobile terminal, such as the terminal
104 of Fig. 1, for evaluating a cell in which a base station provides radio coverage.
In this process, the terminal evaluates one cell, e.g. for cell selection or cell re-
selection, but it should be understood that the shown actions may as well be
executed for any number of further cells, e.g. depending on the terminal’s current
location, status and/or configuration. It should also be noted that this solution may
be used for re-selection between neighbouring cells that have been allocated the
same frequency band, or different frequency bands, or partly overlapping
frequency bands, for communication. The solution is thus not limited in this

respect.

[00048] A first action 500 indicates that the terminal measures the RSQ of
received reference signals transmitted from the base station, basically according
to regular procedures. Another action 502 indicates that the terminal also receives

and reads EUT information which is broadcasted from the base station. As in the
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examples above, the broadcasted EUT information comprises cell-specific EUT
values for a series of candidate RSQ values. Actions 500 and 502 are not
dependent on each other and may be executed in any order or simultaneously.

[00049] The terminal is then able to determine, in action 504, which EUT value is
valid for the terminal’s current radio conditions relative the base station, based on
the broadcasted EUT information, as follows. First, the above-mentioned
measured RSQ value is matched with the candidate RSQ values in the EUT
information, to identify a candidate RSQ value that is substantially equal or closest
to the measured RSQ value. Second, the EUT value that is associated with the
identified candidate RSQ value is selected as an EUT value which is currently
valid for the terminal thus reflecting an expected data throughput, in this
description referred to as the “valid EUT value”. As mentioned above, the valid
EUT value may also be determined from interpolation or extrapolation in
proportion to a deviation of the measured RSQ value from the candidate RSQ
value(s) being closest to the measured RSQ value. If the broadcasted EUT
information contains separate uplink and downlink EUT values, the terminal may
select either or both of them as valid EUT value(s), as explained in the description

above for Fig. 4.

[00050] In a further action 506, the terminal starts evaluating the cell for cell
selection or re-selection based on the valid EUT value determined in action 504.
As indicated above, the terminal may determine a valid EUT value for at least one
other cell, and the cells can be ranked according to their valid EUT values in the
evaluation. The terminal may then select a cell having the highest EUT value
amongst the cells, to be the serving cell for the terminal, either in a cell selection
procedure such as when the terminal has just been powered-on, or in a cell re-
selection procedure when the terminal is configured to evaluate cells in its vicinity

e.g. at regular intervals.

[00051] When the terminal is currently connected to a serving cell, evaluating one
or more cells may involve selecting a new cell, different from the current serving
cell, as serving cell for the terminal if the new cell fulfils a predefined cell
evaluation condition for the valid EUT value. In this example, a next action 508
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indicates that the terminal checks if the valid EUT value of the cell under
evaluation fulfils the predefined cell evaluation condition. If so, the terminal
changes its serving cell by connecting to the new cell in action 510 and if not, the
terminal stays with the current serving cell in action 512.

[00052] A cell evaluation condition for the valid EUT value may thus be used by
the terminal to compare two cells for selection or re-selection. For example, the
cell evaluation condition may dictate that the terminal should switch to a new cell if
the valid EUT value determined for the new cell exceeds a preset threshold, or

exceeds the valid EUT value of a current serving cell with a preset amount.

[00053] In another example, the terminal may be configured to use the EUT
parameter for evaluating the cell provided that the measured RSQ value exceeds
a preset minimum threshold, to avoid that the terminal selects a cell with
unacceptable, i.e. too low, signal quality. Thereby, the cell will be evaluated, and
most likely discarded, on the basis of the low measured RSQ value, even though a
reasonable data throughput could otherwise be provided in the cell according to
the valid EUT value obtained from the broadcasted EUT information for the
measured RSQ value. On the other hand, the base station may also be configured
to indicate the EUT value as unacceptable in the broadcasted EUT information for
candidate RSQ values falling below the accepted threshold, e.g. by setting the
EUT value to zero.

[00054] Different cells may also have been assigned different priorities when
evaluated by mobile terminals for camping. For example, the network may have
selected different priorities for its cells to control the load in the cells. Below, a few
possible examples of cell evaluation conditions with consideration to such priorities
are presented, which may be used by mobile terminals when evaluating different

cells.

1) For cells with equal priority, the new cell must have a higher EUT value than
the current serving cell by a certain amount "A" for a certain time duration
Iltll.
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2) For a new cell with higher priority than the current serving cell, the EUT
value of the new cell must exceed a certain threshold "T(high)" at least for a
certain duration "t(high)".

3) For a new cell with lower priority than the current serving cell, the EUT value
of the serving cell must be below a certain threshold “T(low)” at least for a
certain duration "t(low)".

[00055] A detailed but non-limiting example of how a base station and a mobile
terminal can be configured to accomplish the above-described solution, is
illustrated by the block diagram in Fig. 6. The base station 600 is configured to
provide radio coverage in a cell and to support cell evaluation for mobile terminals
in a cellular network, and the mobile terminal 602 is configured to support cell
evaluation in a cellular network e.g. in the manner described above for any of Figs
1-5.

The base station 600 comprises an RS transmitter 600a adapted to transmit
reference signals “RS” on which mobile terminals can measure the RSQ, e.g.
according to regular procedures. The base station 600 also comprises a
determining unit 600b adapted to determine a set of cell-specific parameters
“Pm” pertaining to data throughput in the cell. The base station 600 further
comprises an estimating unit 600c adapted to estimate an Expected User
Throughput “EUT” for a series of candidate RSQ values based on the determined
set of cell-specific parameters. The base station 600 further comprises a
broadcasting unit 600d adapted to broadcast the estimated EUT as EUT
information “EUT info” in the cell, thereby enabling mobile terminals to evaluate
the cell for cell selection or re-selection based on the broadcasted EUT

information.

[00056] The above base station 600 and its functional units 600a-d may be
configured or adapted to operate according to various optional embodiments. As in
the above-described examples, the cell-specific parameters Pm may be related to
a current traffic load in the cell which the determining unit 600b may obtain from a

load monitor 600e or the like.
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[00057] The cell-specific parameters P may also be related to radio resources
available for the cell. These radio resources may include at least one of:
bandwidth allocated for the cell, the number of antennas used by the base station,
hardware equipment in the base station, software installed in the base station and
radio access technology used by the base station. All these factors may have an
influence on the capability of the base station for communication. For example, if
multiple receive antennas are used, such as when the concept of Multiple Input
Multiple Output (MIMO) is employed in LTE for parallel and spatially multiplexed
data streams, higher throughput and better accuracy can typically be achieved, as

compared to using just one receive antenna.

[00058] The cell-specific parameters P may also be related to statistics on data
throughput achieved in previously executed sessions in the cell at one or more of
said candidate RSQ values. The determining unit 600b may obtain such statistics
from a statistics storage 600f or the like. The cell-specific parameters P may also
be related to currently, or most recently, broadcasted EUT information which the
determining unit 600b may obtain from the broadcasting unit 600d.

[00059] In further optional embodiments, the estimating unit 600¢c may be further
adapted to estimate the EUT values by performing at least one of: calculating the
EUT values based on a link budget corresponding to each candidate RSQ value,
and deriving the EUT values from statistics on data throughput achieved in
previously executed sessions in the cell at different candidate RSQ values and

traffic load conditions.

[00060] A measuring unit 602a in the mobile terminal 602 is configured to
measure the RSQ for the reference signals RS transmitted from the base station
600. The mobile terminal 602 comprises a reading unit 602b adapted to read the
EUT information broadcasted from base station 600, said EUT information
comprising cell-specific EUT values for a series of candidate Reference Signal
Quality, RSQ, values. The mobile terminal 602 also comprises an evaluating unit
602c¢ adapted to determine a valid EUT value in the EUT information provided
from the reading unit 602b, that corresponds to a measured RSQ value provided
by the measuring unit 602a, and to evaluate the cell for cell selection or re-
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selection based on the determined valid EUT value. A resulting selected cell may
then be provided from the evaluating unit 602c to a camping unit 602d or the like
in the terminal, which is configured to camp on the selected cell according to
regular procedures, as indicated by the dashed two-way arrow.

[00061] The above terminal 602 and its functional units 602a-d may be
configured or adapted to operate according to various optional embodiments. For
example, the evaluating unit 602¢ may be further adapted to determine a valid
EUT value for at least one other cell, rank the cells according to their valid EUT
values, and to select a cell having the highest EUT value as serving cell for the
terminal. The evaluating unit 602¢ may also be adapted to select a new cell,
different from a current serving cell, as serving cell for the terminal if the new cell
fulfils a predefined evaluation condition for the valid EUT value. The evaluating
unit 602c may further be adapted to use the EUT for evaluating the cell if the

measured RSQ value exceeds a preset minimum threshold.

[00062] It should be noted that Fig. 6 merely illustrates various functional units in
the base station 600 and the mobile terminal 602 in a logical sense, although the
skilled person is able to implement these functions in practice using suitable
software and hardware means. Thus, this aspect of the solution is generally not
limited to the shown structures of the base station 600 and the terminal 602, while
their functional units 600a-d and 602a-c may be configured to operate according to
the features described for any of Figs 1 - 5 above, where appropriate.

[00063] The functional units 600a-d and 602a-c described above can be
implemented in the base station 600 and the terminal 602, respectively, as
program modules of a respective computer program comprising code means
which, when run by a processor “P” in each of the base station 600 and the
terminal 602 causes them to perform the above-described actions. Each processor
P may be a single Central Processing Unit (CPU), or could comprise two or more
processing units. For example, the processor P may include general purpose
microprocessors, instruction set processors and/or related chips sets and/or
special purpose microprocessors such as Application Specific Integrated Circuits
(ASICs). The processor P may also comprise a storage for caching purposes.
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[00064] Each computer program may be carried by a computer program product
in either of the base station 600 and the terminal 602, respectively, in the form of a
memory “M” connected to each processor P. The computer program product or
memory M comprises a computer readable medium on which the computer
program is stored. For example, the memory M may be a flash memory, a
Random-Access Memory (RAM), a Read-Only Memory (ROM) or an Electrically
Erasable Programmable ROM (EEPROM), and the program modules could in
alternative embodiments be distributed on different computer program products in
the form of memories within the base station 600 and the terminal 602.

[00065] When using the solution according to any of the above-described
embodiments, one or more of the following advantages may be achieved. The new
EUT parameter used in this solution by mobile terminals to evaluate cells, can be
considered a more relevant and apt indicator of the radio performance and

communication ability in the cell, than the conventionally used RSQ parameter.

[00066] The EUT parameter in this solution thus reflects different abilities of base
stations in the cells for serving mobile terminals in terms of data throughput, which
may depend on several factors and conditions such as current traffic load and
available radio resources, which are not reflected at all in the measured RSQ
parameter. Using the EUT parameter for cell evaluation will therefore enable a
more reliable communication with the serving base station and also potentially
higher throughput for the user of the mobile terminal. The RSQ parameter is still
measured by the mobile terminal but is used merely for identifying a valid EUT

value to use in the cell evaluation, as described in the examples above.

[00067] Further, this solution may provide a load sharing functionality in the
following manner. When many mobile terminals have selected a particular cell as
their serving cell, this will eventually result in an increased traffic load in that cell,
which entails a lower EUT if estimated based on the traffic load being a cell-
specific parameter, as discussed in example A) above. The lower EUT will in turn
cause mobile terminals to move from the loaded cell to less loaded cells.
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[00068] While the solution has been described with reference to specific
exemplary embodiments, the description is generally only intended to illustrate the
inventive concept and should not be taken as limiting the scope of the solution. For
example, the terms “mobile terminal”, “base station”, “signal quality”, “cell
evaluation”, “cell-specific parameter”, “estimated user throughput”, and “data
throughput” have been used throughout this description, although any other
corresponding nodes, functions, and/or parameters could also be used having the
features and characteristics described here. The solution is defined by the

appended claims.
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CLAIMS

1. A method in a base station (100A, 100B) providing radio coverage in a
cell (102A, 102B), for supporting cell evaluation for mobile terminals in a cellular
network, the method comprising:

- determining (200) a set of cell-specific parameters pertaining to data throughput
in the cell,

- estimating (202) values of an Expected User Throughput, EUT, for a series of
candidate Reference Signal Quality, RSQ, values based on the determined set of
cell-specific parameters, and

- broadcasting (204) the estimated EUT values as EUT information in the cell,
thereby enabling mobile terminals to evaluate the cell for cell selection or re-
selection based on the broadcasted EUT information.

2. A method according to claim 1, wherein said cell-specific parameters are

related to at least one of:
- a current traffic load in the cell,
- radio resources available for the cell,

- statistics on data throughput achieved in previously executed sessions in the cell

at one or more of said candidate RSQ values, and
- currently broadcasted EUT information.

3. A method according to claim 2, wherein said radio resources include at
least one of: bandwidth allocated for the cell, the number of antennas used by the
base station, hardware equipment in the base station, software installed in the
base station and radio access technology used by the base station.

4. A method according to any of claims 1-3, wherein estimating the EUT
values comprises at least one of: calculating the EUT values based on a link

budget corresponding to each candidate RSQ value, and deriving the EUT values
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from statistics on data throughput achieved in previously executed sessions in the
cell at different candidate RSQ values and traffic load conditions.

5. A method according to any of claims 1-4, wherein the broadcasted EUT
information comprises one EUT value representative for each candidate RSQ
value, or a first EUT value pertaining to uplink and a second EUT value pertaining
to downlink for each candidate RSQ value.

6. A base station (600) configured to provide radio coverage in a cell and

support cell evaluation for mobile terminals in a cellular network, comprising:

- a determining unit (600b) adapted to determine a set of cell-specific parameters

(Pm) pertaining to data throughput in the cell,

- an estimating unit (600c) adapted to estimate values of an Expected User
Throughput, EUT, for a series of candidate Reference Signal Quality, RSQ, values
based on the determined set of cell-specific parameters, and

- a broadcasting unit (600d) adapted to broadcast the estimated EUT values as
EUT information in the cell, thereby enabling mobile terminals to evaluate the cell
for cell selection or re-selection based on the broadcasted EUT information.

7. A base station according to claim 6, wherein said cell-specific parameters

are related to at least one of:
- a current traffic load in the cell,
- radio resources available for the cell,

- statistics on data throughput achieved in previously executed sessions in the cell

at one or more of said candidate RSQ values, and
- currently broadcasted EUT information.

8. A base station according to claim 7, wherein said radio resources include
at least one of: bandwidth allocated for the cell, the number of antennas used by
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the base station, hardware equipment in the base station, software installed in the
base station and radio access technology used by the base station.

9. A base station according to any of claims 6-8, wherein the estimating unit
(600c) is further adapted to estimate the EUT values by performing at least one of:
calculating the EUT values based on a link budget corresponding to each
candidate RSQ value, and deriving the EUT values from statistics on data
throughput achieved in previously executed sessions in the cell at different
candidate RSQ values and traffic load conditions.

10. A base station according to any of claims 6-9, wherein the broadcasted
EUT information comprises one EUT value representative for each candidate RSQ
value, or a first EUT value pertaining to uplink and a second EUT value pertaining
to downlink for each candidate RSQ value.

11. A method in a mobile terminal (104) for cell evaluation in a cellular

network, the method comprising:

- reading (502) Expected User Throughput, EUT, information broadcasted from a
base station (100A, 100B) providing radio coverage in a cell (102A, 102B), said
EUT information comprising cell-specific EUT values for a series of candidate

Reference Signal Quality, RSQ, values,

- determining (504) from the EUT information a valid EUT value that corresponds
to an RSQ value measured on reference signals from the base station, and

- evaluating (506-512) the cell for cell selection or re-selection based on the

determined valid EUT value.

12. A method according to claim 11, wherein a valid EUT value is determined
for at least one other cell and the cells are ranked according to their valid EUT
values, wherein a cell having the highest EUT value is selected as serving cell for

the terminal.
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13. A method according to claim 12, wherein a new cell, different from a
current serving cell, is selected as serving cell for the terminal if the new cell fulfils

a predefined evaluation condition for the valid EUT value.

14. A method according to any of claims 11-13, wherein the EUT information
is used for evaluating the cell only if the measured RSQ value exceeds a preset

minimum threshold.

15. A mobile terminal (602) configured to perform cell evaluation in a cellular

network, comprising:

- a reading unit (602b) adapted to read Expected User Throughput, EUT,
information broadcasted from a base station (100A, 100B) providing radio
coverage in a cell (102A, 102B), said EUT information comprising cell-specific
EUT values for a series of candidate Reference Signal Quality, RSQ, values, and

- an evaluating unit (602c) adapted to determine from the EUT information a valid
EUT value that corresponds to an RSQ value measured on reference signals from
the base station, and to evaluate the cell for cell selection or re-selection based on

the determined valid EUT value.

16. A mobile terminal according to claim 15, wherein the evaluating unit
(602c) is further adapted to determine a valid EUT value for at least one other cell,
to rank the cells according to their valid EUT values, and to select a cell having the

highest EUT value as serving cell for the terminal.

17. A mobile terminal according to claim 16, wherein the evaluating unit
(602c) is further adapted to select a new cell, different from a current serving cell,
as serving cell for the terminal if the new cell fulfils a predefined evaluation

condition for the valid EUT value.

18. A mobile terminal according to any of claims 15-17, wherein the
evaluating unit (602c) is further adapted to use the EUT information for evaluating

the cell only if the measured RSQ value exceeds a preset minimum threshold.



WO 2013/002689 PCT/SE2011/050866
1/3
1:1A RS, 1:1B RS,
EUT Info ( 102A EUT Info / 102B

RSP - 104 TTTheeeaoo.

1:2 Measure RSQ
1:3 Determine EUT
1:4 Evaluate cells

Determine cell-specific parameters 200
pertaining to data throughput —
3 202

Estimate EUT for different RSQ values —~
based on determined parameters

4

; ; 204
Broadcast EUT information %

as a basis for cell evaluation

Fig. 1

Fig. 2

~ -



WO 2013/002689

2/3

PCT/SE2011/050866

Measure RSQ of | 500 Receive and read broadcasted | 502
received RS —7 EUT information —
A 4
Determine valid EUT value based on 504
EUT information and measured RSQ —
1 506
Evaluate cell based on valid EUT value —"
Condition
fulfilled?
\ 512
Stay with current cell —
510
Change to new cell |~
Fig. 5
302a 302b
N R 302
Reference Signal Expected User J

Quality, RSQ

Throughput, EUT

300

-120 10
-110 40
-100 300
-90 1000

Fig. 3



WO 2013/002689 PCT/SE2011/050866
3/3
402a 402 402
402b ¢
Reference DL Expected UL Expected
Signal User Throughput, | User Throughput,
X Quality, RSQ EUT(DL) EUT(UL)
400 -120 10 5
-110 40 10
-100 300 100
-90 1000 800
Fig. 4
600 \
Base Station 500 602
- 600c [t RS )
RS Transmitter Terminal
Load 602a
i [
Monitor 600b
L N r » Measuring Unit
PR »{ Determining Unit
600f ! P 602b
! : RS
: ; Pm 600c | EUT Info [ <
| v [ » Reading Unit
Estimating Unit
i EUT info ’ 602¢
| EUT !
: v [ 600d Evaluating Unit
id Broadcasting unit
Vi Selected
- ~-. Cell
002d
P M e v [
"~ | Camping Unit A
M P

Fig. 6



INTERNATIONAL SEARCH REPORT

International application No

PCT/SE2011/050866

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W48/12
ADD. HO4W36/30

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HOAW

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2008/049238 Al (RESEARCH IN MOTION LTD 1-18
[CA]; MONTEMURRO MICHAEL [CA]; DURAND
ROGER [US) 2 May 2008 (2008-05-02)
abstract
paragraph [0006]
paragraph [0022]
paragraph [0030]
paragraph [0045]
figures 1-4

paragraph [0010]
paragraph [0026]
paragraph [0032]
paragraph [0053]

A US 2006/140117 Al (AERRABOTU NAVEEN [US] 1-18
ET AL) 29 June 2006 (2006-06-29)
abstract

figures 1,2,5,6,7

paragraph [0005] - paragraph [0007]
paragraph [0018] - paragraph [0021]
paragraph [0027] - paragraph [0031]

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : i i i "
"T" later document published after the international filing date

"A" document defining the general state of the art which is not orpriority date and notin conflict with the application but

considered to be of particular relevance invention

"E" earlier document but published on or after the international

ol "X" document of particular relevance; the claimed invention
filing date

cannot be considered novel or cannot be considered to

which is cited to establish the publication date of ancther

citation or other special reason (as specified) Y" document of particular relevance; the claimed invention

cited to understand the principle or theory underlying the

"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

cannot be considered to involve an inventive step when the

"Q" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
26 January 2012 02/02/2012
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040
sz:((+31-78) 340-3016 Matt, Stefan

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/SE2011/050866
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 99/17582 Al (ERICSSON TELEFON AB L M 1-18

[SE]) 8 April 1999 (1999-04-08)
figures 2,4

page 11, line 10 - line 32
page 8, line 15 - line 31

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/SE2011/050866
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2008049238 Al 02-05-2008 AT 535115 T 15-12-2011
CA 2666971 Al 02-05-2008
CN 101529951 A 09-09-2009
EP 2077048 Al 08-07-2009
US 2008108352 Al 08-05-2008
WO 2008049238 Al 02-05-2008

US 2006140117 Al 29-06-2006 JP 2006191625 A 20-07-2006
US 2006140117 Al 29-06-2006
WO 2006071396 Al 06-07-2006

WO 9917582 Al 08-04-1999 AU 751508 B2 15-08-2002
AU 9287498 A 23-04-1999
BR 9812836 A 08-08-2000
CA 2303089 Al 08-04-1999
CN 1271504 A 25-10-2000
DE 69831341 D1 29-09-2005
DE 69831341 T2 14-06-2006
EP 1018280 Al 12-07-2000
JP 4163380 B2 08-10-2008
JP 2001518770 A 16-10-2001
RU 2226748 (2 10-04-2004
us 6028851 A 22-02-2000
WO 9917582 Al 08-04-1999

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report

