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(57) ABSTRACT

A method (200, 300, 400) according to the mvention 1s a
method for determiming a condidate cell for an active set,
where the quality factor of each cell 1n the active set 1s deter-
mined (202), a quality factor of a test cell 1s determined
(203), and the test cell 1s accepted (205) as a candidate cell
for the active set if an acceptance criterion 1s fulfilled. The
method 1s characterized in that the acceptance criterion 1s
selected (201) so that for a certain first quality factor of a test
cell and for a certain first set of quality factors, consisting of
quality factors of the cells 1n a first active set, the acceptance
criterion has the same value as for a certain second quality
factor of a test cell and for a certain second set of quality
factors, consisting of quality factors of cells 1n a second
active set, when the first quality factor 1s equal to the second
quality factor multiplied with any finite number and the first
set of quality factors 1s the same as a set formed of the
quality factors belonging to the second set of quality factors
multiplied with the same finite number. The invention relates
also to an arrangement, to a mobile station and to a network
clement where decisions about accepting a cell as a candi-
date cell for the active set are done.

28 Claims, 5 Drawing Sheets
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METHOD FOR DETERMINING A
CANDIDATE CELL FOR AN ACTIVE SET

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

PRIORITY CLAIM

This 1s a national stage of PCT application No. PCT/FI100/
00796, filed on Sep. 20, 2000. Priority 1s claimed on that

application, and on patent application No. 19992005 filed 1n
Finland on Sep. 20, 1999.

FIELD OF THE INVENTION

The mvention relates 1 general to cellular networks. In
particular the invention relates to soit handovers 1n cellular
networks.

BACKGROUND OF THE INVENTION

Transmission diversity refers to a situation where at least
two transmitters are transmitting the same data flow to a
receiver. For example, a mobile station may recerve radio
transmissions ifrom two base stations of a cellular network
simultaneously. One of the advantages of the transmission
diversity 1s that i1f the quality or strength of one of the
received radio transmissions decreases, the quality of some
other received transmissions may still be high enough for
receiving data reliably.

A situation where a mobile station communicates with
more than one base stations simultaneously 1s called a soft
handover. If necessary, for example to ensure a reliable data
transmission, a mobile station may be communicating even
most of the time with more than one base stations. In certain
situations, when the signal of a certain base station 1s clearly
stronger that the signals of other base stations, 1t may be
enough to communicate with one base station only. There
has to be a method for deciding with which base stations a
mobile station communicates.

Transmission diversity and soit handovers can be
supported, for example, 1n cellular networks that employ
Code Division Multiple Access (CDMA) methods. Each
transmitter may use 1ts own spreading code in the downlink
transmission, and a mobile station wanting to receive data
from many transmitters processes the radio signal 1t receives
with the spreading codes corresponding to the transmuitters.
The code sequences of different connections must be chosen
so that they do not correlate and the code sequence of a
specific connection has to autocorrelate. Those signals that
have been spread using a code sequence that correlates with
the code sequence used in recerving the seemingly white
noise radio transmission are separated. The receiver has to
know the transmitters code sequence and the code sequences
must be synchronized. The bits 1in the code sequence are
called chips.

FIG. 1 presents a schematic drawing of a cellular network
which comprises base stations 101a, 101b and 101c. In FIG.
1, these base stations are all connected to a single radio
network controller 102 and each base station 1s 1n the middle
of a cell. FIG. 1 presents one mobile station 10. The base
stations transmit downlink data to mobile stations (arrows

120a, 120b and 120c¢) and receive uplink data from mobile
stations (arrows 121a, 121b and 121c¢).

In general a base station may comprise many transmaitters,
cach of which transmit a separate radio signal. In systems
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employing CDMA methods, the transmitters may use differ-
ent spreading codes. Here term cell 1s used to refer either to a
base station or, 1 a base station comprises many
transmitters, to a transmitter. In a situation where a mobile
station recerves good quality downlink transmissions from
many cells, 1t has to be decided which cell a certain mobile

station communicates with.

Usually the cellular network informs the mobile station of
the possible cells, for example, selected based on the loca-
tion of the mobile station. The information about the nearest
cells 1s called neighbor list. In a cellular network which
employs CDMA methods, the neighbor list may comprise
the downlink spreading codes of the cells. By taking the
spreading codes listed in the neighbor list into use, the
mobile station may separate the data flows sent to i1t from
cach cell from the radio signal 1t receives. The neighbor list
of the mobile station 110 may comprise, for example, the
cells corresponding to base stations 101a, 101b and 101c,
assuming that a base station corresponds to one cell.

Usually a pilot signal 1s transmuitted in each cell. This pilot
signal carries no changing data, so 1t can be quite straight-
forwardly used 1n estimating the quality of the downlink
radio transmission of a certain cell. A mobile station may, for
example, estimate the quality of the radio transmission of all
the cells 1n the neighbor list. A suitable parameter for quality
estimation 1s, for example 1n a cellular system employing
CDMA methods, the E /I, ratio, where E - 1s energy per
chip and I, 1s the interference. Any other parameter measur-
ing the quality of the signal may also be used.

The cells with which a mobile station communicates form
the active set of that mobile station. A radio network
controller, for example, directs the downlink data heading to
a certain mobile station, to all the cells 1n the active set.
Correspondingly, the mobile station listens to the downlink
transmissions of all the cells 1n the active set. For example,
the cells corresponding to base stations 101a and 101b can
form the active set of the mobile station 110.

When the mobile station changes 1ts location or the quali-
ties of the downlink radio transmissions of the neighboring
cells change for some other reason, 1t may be necessary to
modily the active set. A cell may be added to or removed
from the active set, or a cell in the active set may be replaced
with another cell. This replacement 1s usually called branch
replacement.

There has to be a criterion for accepting a new cell for the
active set. The CDMA2000 RT'T description, for example,
defines the following criterion for a test cell to be accepted to
the active set. The cell may then be added to the active set or,
in case of branch replacement, it may replace the worst qual-
ity cell in the active set. If the quality factor, for example the
E /1, ratio, 1s marked with P, for each cell 1 1n the active set,
an acceptance limit (Q can be calculated by

Q=max{S-10 log,o(EP)+A. T}

where S, A and T are parameters. As can be seen from the
formula for Q, the value of Q 1s expressed in dB and the
quality factor P, 1s a plain number. It 1s checked 11 a certain
cell with quality factor P-1s a proper candidate for the active
set by comparing 10log,, P, to Q. If 10log,, P, (1.e. P,
expressed 1 dB) exceeds Q, then the cell can be added, for
example, to the active set. Parameter T ensures that even 1f
the quality factors P, of the cells currently 1n the active set
are poor, a cell having P (expressed 1n dB) less than T 1s
never accepted as a candidate cell.

There may be other conditions, for example that the active
set may not be modified too frequently, that hinder the add-
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ing of a new cell to the active set. All neighboring cells not
belonging to the active set, for example, may be tested each
time the neighbor list changes, and the cells whose quality
factor does exceeds the acceptance criterion may be consid-
ered to be added to the active set.

The problem with the current acceptance criterion 1s that
it does not ensure proper acceptance decisions when the
value of S 1s different from O or 1. Let us consider two
examples, when the following values for the parameters are
set: S=2, A=-6.0 dB and T=-6 dB. In the first example, the
active set contains two cells, each of which has the quality
factor value 1, 1.e. P,=1 and P,=1. The acceptance limit 1n
this example 1s Q=0 dB, 1.e. a cell having a quality factor of 1
can be, for example, added to the active set. This 1s an
acceptable decision, because the cell has the same quality
factor as the cells 1n the active set.

In the second example the active set contains also two
cells, and now the quality factors are P,=3 and P,=3. The
acceptance limit 1 this example 1s Q=9.5 dB. The quality
factors of the cells 1n the active set are 5 dB, so a cell has to
have a quality factor 4.5 dB higher than the cells 1n the active
set to be accepted to the active set. Correspondingly,
expressed 1 absolute values, a cell should have a quality
tactor P =9.5 to be accepted to the active set. Intuitively, the
acceptance criterion should also 1n this second example pro-
duce the result that a test cell can be accepted to the active set
if the quality factor of the cell 1s larger than 3.

The current acceptance criterion thus leads to situation
where intuitively similar situations produce a different
acceptance decision. A further problem with the acceptance
criterion 1s that for an active set whose cells have the same
quality factors, from here on called an uniform active set, the
acceptance limit 1s not equal to the quality factor.

SUMMARY OF THE INVENTION

The object of the invention 1s to present a method for
determining a candidate cell for the active set. A further
object of the imvention 1s to present a method where similar
active sets and test cells produce the same acceptance deci-
sion. Further, it 1s advantageous that the method for deter-
mimng a candidate cell accepts a cell whose quality factor 1s

equal to the quality factor of an uniform active set.

The object of the invention 1s achieved by selecting the
acceptance criterion so that it 1s indifferent to the absolute
values of the quality factors.

A method according to the invention 1s a method for deter-
mimng a candidate cell for an active set, where

the quality factor of each cell in the active set 1s
determined,

a quality factor of a test cell 1s determined, and

the test cell 1s accepted as a candidate cell for the active
set, 11 an acceptance criterion, which defines a value for
a limit for accepting a test cell, 1s fulfilled, and the
method 1s characterized 1n that such an acceptance cri-
terion 1s selected that a first limit value 1s equal to a
second limit value multiplied with a finite number,
wherein said first limit value 1s for a certain first quality
factor of a test cell and for a certain first set of quality
factors, consisting of quality factors of cells in a first
active set, said second limit value 1s for a certain second
quality factor of a test cell and for a certain second set
of quality factors, consisting of quality factors of cells
in a second active set, and the first quality factor is
equal to the second quality factor multiplied with the
same finite number and the first set of quality factors 1s
the same as a set formed of the quality factors belong-
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ing to the second set of quality factors multiplied with
the same finite number.
A method according to the invention 1s a method for deter-
mining a cell to be removed from the active set, where

the quality factor of each cell in the active set 1s
determined,

a rejection criterion 1s evaluated using the cell having the
smallest quality factor as a test cell and a temporary set,
which contains the cells of the active set except the cell
having the smallest quality factor, and

the test cell 1s removed from the active set, if a rejection
criterion, which defines a value for a limit for rejecting
a test cell, 1s fulfilled,
and it 1s characterized in that such a rejection criterion 1s
selected that a first limit value 1s equal to a second limit
value multiplied with a finite number, wherein said first limit
value 1s for a certain first quality factor of a test cell and for a
certain first set of quality factors, consisting of quality fac-
tors of cells 1n a first temporary set, said second limit value 1s
for a certain second quality factor of a test cell and for a
certain second set of quality factors, consisting of quality
factors of cells 1n a second temporary set, and the first qual-
ity factor 1s equal to the second quality factor multiplied with
the same fimite number and the first set of quality factors 1s
the same as a set formed of the quality factors belonging to
the second set of quality factors multiplied with the same
finite number.
The invention relates also to an arrangement for determin-
ing a candidate cell for an active set comprising

means for determining a quality factor for a test cell and

means for determiming quality factors for the cells 1n the
active set, which arrangement 1s characterized 1n that 1t
further comprises

means for selecting such an acceptance criterion, which
defines a value for a limit for accepting a test cell, that a
first limit value 1s equal to a second limit value multi-
plied with a finite number, wherein said first limit value
1s for a certain first quality factor of a test cell and for a
certain first set of quality factors, consisting of quality
factors of cells 1n a first active set, the second limait
value 1s for a certain second quality factor of a test cell
and for a certain second set of quality factors, consist-
ing of quality factors of cells 1n a second active set, and
the first quality factor i1s equal to the second quality
factor multiplied with the same finite number and the
first set of quality factors 1s the same as a set formed of
the quality factors belonging to the second set of qual-
ity factors multiplied with the same finite number and

means for deciding about the acceptance of the test cell as
a candidate cell for the active set using the acceptance
criterion.

A mobile station according to the invention comprises

means for determining a quality factor for a test cell and

means for determiming quality factors for the cells 1n the
active set, and 1t 1s characterized 1n that 1t further com-
prises

means for selecting such an acceptance criterion, which
defines a limit for accepting a test cell, that a first limat
value 1s equal to a second limit value multiplied with a
finite number, wherein said first limit value 1s for a
certain first quality factor of a test cell and for a certain
first set of quality factors, consisting of quality factors
of cells 1n a first active set, the second limit value 1s for
a certain second quality factor of a test cell and for a
certain second set of quality factors, consisting of qual-
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ity factors of cells 1n a second active set, and the first
quality factor 1s equal to the second quality factor mul-
tiplied with the same finite number and the first set of
quality factors 1s the same as a set formed of the quality
factors belonging to the second set of quality factors
multiplied with the same finite number and

means for deciding about the acceptance of the test cell as
a candidate cell for the active set using the acceptance
criterion.

The mvention relates to a network element comprising

means for determining a quality factor for a test cell and

means for determining quality factors for the cells i the
active set, which network element 1s characterized 1n
that 1t further comprises

means for selecting such an acceptance criterion, which
defines a value for a limit for accepting a test cell, that a
first limat value 1s equal to a second limit value multi-
plied with a finite number, wherein said first limit value
1s Tor a certain first quality factor of a test cell and for a
certain first set of quality factors, consisting of quality
factors of cells 1n a first active set, said second limit
value 1s for a certain second quality factor of a test cell
and for a certain second set of quality factors, consist-
ing of quality factors of cells 1n a second active set, and
the first quality factor 1s equal to the second quality
factor multiplied with the same finite number and the
first set of quality factors 1s the same as a set formed of
the quality factors belonging to the second set of qual-
ity factors multiplied with the same finite number and

means for deciding about the acceptance of the test cell as
a candidate cell for the active set using the acceptance
criterion.

In a method according to the invention, the quality factors
of the cells 1n the active set are determined. Further, the
quality factor of a test cell not in the active set but, for
example, 1n the neighbor list 1s determined. The choice of
the quality factors used in a method according to the mven-
tion 1s not restricted. The term accepting a test cell as a
candidate cell for the active cell refers to a situation, where a
mobile station or the cellular network notices that a certain
cell has good enough quality factor, for example, to be added
to the active set. The acceptance of a test cell as a candidate
cell may trigger, for example, the transmission of the trans-
mission quality reports from a mobile station to the cellular

network. Thereafter the cellular network may decide
whether the active set 1s modified.

In the method according to the invention, the acceptance
criterion 1s selected so that it fulfills the following condition.
The acceptance criterion Q' for a test cell having a quality
factor P and for an active set having n cells, whose quality
factorsare P, P,, ..., P, ,1s Q'(P,P,,P,.P;,...). The value
Q (P~P,,P,.P;, . .. ) 1s equal to the value of acceptance
criterion for a test cell having a quality factor aP - and for an
active set having n cells, whose quality factors are aP,,
aP,, ..., aP, . Here ais any finite scalar number. The condi-
tion for the acceptance criterion can be written as

VaQ'(aPpaP ,aP5,aPs, . .. )=Q'(P5P,Py,Ps, .. . ).

The quality factor of the test cell and the quality factors of
cells 1n the active set are not restricted, the condition holds
for any values of P and P,, where P, 1s the quality factor of
cell 1 1n the active set. An example of a acceptance criterion
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tulfilling the condition 1s the following criterion where geo-
metric mean 1s employed

Q' (Pr, P, P2, ...):Pr > VI P;

. )18

because Q'(aP,,aPaP,,aP;, . .

Q"(aPT,aPhaPz,---):aPT}%/ﬂ ab; = yan \/]_[ P; :\a/]_[ P; .

If for a certain value of P, Q'(P,P,,P,,P,, ... ) 1s true, then
Q'(aP aP,,aP,,aP,, ... ) 1s also true. In other words, 1f a test
cell having quality factor P 1s accepted as a candidate cell
for the active set whose cells have quality factors P, and P,, a
test cell having quality factor aP - 1s accepted as a candidate
cell for the active set whose cells have quality factors aP,
and aP,. It 1s possible to use only some of the quality factors
of the cells 1 the active set 1n the acceptance criterion, but
typically the quality factors of all cells 1n the active set are
used.

In one embodiment of the invention said acceptance crite-
rion involves a function, whose value depends at least on
quality factors of first cells i the active set and on certain
parameter values. Said acceptance criterion procudes a same
value for said first quality factor of a test cell, said first set of
quality factors and first parameter values as for said second
quality factor of a test cell, said second set of quality factors
and the same first parameter values, said first parameter val-
ues being any parameter values.

It may, however, be easier to normalized all the quality
factors with a certain number and then use the normalized
quality factors. The acceptance decision may, for example,
be a function having the normalized quality factors as vari-
ables. The normalization factor has to be chosen so that 1ts
relative value when compared to the quality factors of the
cells 1n the active set 1s same for all active sets. The normal-
1zation factor may be, for example, the average of the quality
tactors of the cells 1n the active set.

It 1s also possible to use similar methods when deciding
about removing a cell from the active set. In this case the cell
in the active set having the smallest quality factor 1s com-
pared to the rest of the active set. Usually the rejection crite-
rion 1s selected somewhat higher than the acceptance
criterion, in order to avoid frequently removing from the
active set and adding to the active set a same cell. The accep-
tance and rejection criterion may employ same mathematical
function and parameters, but the parameter values are
selected 1n a proper way.

The diversity gain depends on the relative strengths (for
example, quality factors) of the cells in the active set. The
main advantage of the method according to the invention 1s
that the acceptance decision depends on the relative sizes of
the quality factors and does not pay attention only to the
absolute values of the quality factors. The acceptance deci-
s1ons thus reflect the changes 1n the diversity gain.

A Turther advantage of the method according to the mven-
tion 1s that when relative sizes of the quality factors are used,
it 1s easier to predict how a certain acceptance criterion, for
example a certain function, behaves. It 1s enough to study a
limited number of examples when, for example, parameter
values for an acceptance criterion are selected. Even a fur-
ther advantage 1s that the current methods for determining a
candidate cell for the active set can be quite easily updated to
a method according to the mvention. No further measure-
ment results, for example, are needed that are currently
available.

The method according to the invention may be carried out,

for example, periodically. When a mobile station, for
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example, detects a new candidate cell for the active set, 1t
may transmit a request for handover or a request for update
of the active set to the cellular network. The method accord-
ing to the imvention may also be triggered by a certain event,
for example, by the update of the neighbor list. The method 5
according to the mvention does not specily 1f the active set 1s
modified after finding a candidate cell to the active set.

Other objects and features of the present invention will
become apparent from the following detailed description
considered in conjunction with the accompanying drawings.
It 1s to be understood, however, that the drawings are
intended solely for purposes of illustration and not as a defi-
nition of the limits of the invention, for which reference
should be made to the appended claims.

10

15
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described more 1n detail with
reference to the preferred embodiments by the way of

example and to the accompanying drawings where

FIG. 1 shows a schematic drawing of the radio access -

network of a cellular system,

FIG. 2 shows a flowchart of method according to a first
preferred embodiment of the mvention,

FIG. 3 shows a tlowchart of method according to a second
preferred embodiment of the mvention,

FIG. 4 shows a flowchart of method according to a third
preferred embodiment of the invention, and

25

FIG. 5 shows a schematic drawing of an arrangement, a
mobile station and a network element that employ a method
according to the mvention.

30

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EMBODIMENTS

Above 1n conjunction with the description of the prior art
reference was made to FIG. 1. The same reference numerals
are used for corresponding parts in the figures.

35

FI1G. 2 presents a flowchart of a method 200 according to a
first preferred embodiment of the invention. In step 201 a
proper acceptance condition 1s selected. In a method accord-
ing to the mvention, the acceptance criterion Q' has to be of
torm Q'(aP aP,,aP,,aP,, ... )=Q'(P,.P,.P,,P,, ... ), where
P. 1s the quality factor of cell 1 in the active set, P 1s the
quality factor of the test cell, and a 1s a scalar. The accep-
tance criterion can be, for example, that the quality factor of
the test cell needs to exceed the average of the quality factors
of the cells 1n the active set

40

45

1
PT - —EPI', 50
n

where n 1s the number ot cells 1n the active set. Linear com-
binations of the values P, and a geometrical mean
55

n

[1P,

are examples of functions that can be used 1n the acceptance
criterion Q' according to the first preferred embodiment of 60
the 1nvention.

In step 202 quality factors for the cells belonging to the
active set are determined. This may happen, for example, so
that a mobile station determines the E /1, ratio for the pilot
signals of the cells in the active set. In step 203 the quality
factor of a test cell 1s determined. The test cell may be, for
example a cell in the neighbor list that does not belong to the

65
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active set. If the acceptance criterion 1s true (step 204), and
the test cell 1s accepted 1n step 205 as a candidate cell for the
active set. If the quality factor 1s not large enough, then the
test cell 1s rejected (step 206).

FIG. 3 presents a flowchart of a method 300 according to a
second preferred embodiment of the invention. In this
method, the quality factors of the cells in the active set and
the quality factor of the test cell are normalized by dividing
them with a certain normalization factor P, . The normaliza-
tion factor has to be chosen for each active set so that 1ts ratio
to the quality factors of the cells in the active set 1s the same
for all active sets, 1.e. for an active set having quality factors
P,,P,.P,, ... the normalization factor 1s P, and for an active
set having quality factors aP,,aP,,aP,, . . . the normalization
factor 1s aP, . For example, the average of the quality factors
of the cells 1n the active set may be used as a normalizing
factor P, or the minimum quality factor or the maximum
quality factor of the cells 1n the active set.

The advantage of using normalized quality factors 1s that
the acceptance criterion Q' may have any functional form
and 1t still obeys Q'(aPaP,,aP,.aP,, . . . )=Q'(P,P,,P,,
P,, ...). For example, the prior art acceptance limit

Q=max{S-10 log,,(ZP,)+A,T}

where S, A and T are parameters can be modified to the
tollowing acceptance criterion (Q'

,, P P;
Q: 10 logjo5- > max{$ - 10 hjgm(EIT) +A, T =10 log Py

The values for this acceptance criterion are true (when P,
exceeds the condition) and false (when P does not exceed
the condition).

In FIG. 3, the flowchart of the method 300 starts with the
same steps 201, 202 and 203 as method 200. A proper accep-
tance criterion 1s selected, the quality factors of the cells n
the active set and the quality factor of the test cell 1s deter-
mined. Thereaiter, in step 301 these quality factors are nor-
malized with a normalization factor P, . The acceptance cri-
terion 1n step 302 1s determined using the normalized quality
factors, for example the functional form presented above
may be used for Q'.

In step 303 1t 1s checked 11 the value for the acceptance
criterion 1s true, and 1f 1t 1s the test cell 1s accepted as a
candidate cell for the active set i step 205. If the value for
the acceptance criterion 1s false, the test cell 1s rejected in
step 206.

Let us study further the method 300 according to the sec-
ond preferred embodiment of the invention and the pre-
sented functional form for Q'. Consider two active sets and
the parameter values A=—6.0 dB, S=2 and T=-6.0 dB. In the
first active set there are two cells whose quality factors are 1
and 1, and 1n the second active set the quality factors for the
cells 1n the active set are 3 and 3. Let us choose the normal-
1zing factor P, as the average quality factor of the cells 1n the
active set. The acceptance criterion becomes

P
Q" 10 mng—T > max{0 dB, —10.8 dB) = 0 dB

indicating that 1n both examples the quality factor of the test
cell has to be larger than the normalization factor for the test
cell to be accepted as a candidate cell for the active set.

Let us consider one further example using the same
parameter values for A, S and T. The active set contains in
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this case two cells, whose quality factors are P,=1 and P,=3.
Let us study the effect of the normalization factor by trying
three normalization factors: P,,=P__ =3, P ,=P__ =2 and
P .=P, . =1.For the first normalization factor the acceptance

criterion becomes

P
Qj: 10 lﬂgm% > max{—3.5 dB, —10.8 dB} =

~3.5 dB = Py > 045P,, = 1.3.

For the second and third normalization factors the accep-
tance criteria are

P
Q5: 101*::::g1¢,P—T2 > max{0dB, -9 dB} =0 dB = Pt > P,, =2 and

P
Q5: 10 h:ung—T > max{6dB, -6 dB} =6 dB = Pt > 4.0P 3 = 4.
n3

The choice of the normalization factor thus clearly atfects
the acceptance criterion. When using, for example, the mini-
mum quality factor of the cells 1n the active set as a normal-
ization factor, the criterion becomes more demanding than
when, for example, the maximum quality factor of the cells
in the active set 1s chosen. By choosing the normalization
factor properly it 1s thus possible to adjust the behavior of a
method according to the second preferred embodiment of
the invention. When using the maximum quality factor in
normalization, more cells are accepted as candidate cells for
the active set.

FI1G. 4 presents a flowchart of a method 400 according to a
third preferred embodiment of the mvention. In this method
the quality factors of the cells 1n the active set and the quality
factor of the test cell are normalized similarly as 1n method
300. Further, in this method the acceptance criterion 1is
adjusted so that 1n a case, where the active set contains cells
which all have the same quality factor, a test cell 1s accepted
as a candidate cell for the active set when 1ts quality factor 1s
larger than the quality factor of the cells 1n the active set.

As an example, let us again consider the acceptance crite-

rion Q'

, P P;
Q': 10 logo - > max{$ - 10 1agm(zf) +A, T =10 logoPy |

When all cells 1n the active set have the same quality factor
p, the sum of the quality factors 1s equal to np. A test cell
having the same quality factor p should fulfill the following
condition

10 mgm; = max{S - 10 1::.-.gm%p +A, T~ 10 log,P, |

1 n

Further, let us first study parameters A and S, and choose T
thereatter. This results 1n equation

10 mgm;

n

np
=5-10 lmgmp— + A,

and the relation between A and S can be written as

A=(1-S)-10 mgm% _$-10 log; on.

If the normalization factor P, 1s the average/maximum/
mimmum quality factor of the cells 1n the active set, for an
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active set containing cells whose quality factors are equal to
p the normalization factor 1s P, =p. The relation between A
and S thus becomes

P

A=(1-5)-10 lﬂgmﬁ —5-10 logon = =5-10 log,n.

If the normalization factor 1s not equal to p for an active set
whose cells all have quality factor p, the first term also con-
tributes to the relation. For example, 11 the number of cells in
the active set 1s two (1.e. n=2), the relation between the
parameter values 1s A=-35. When n=3, the relation 1s
A=-488S. The value for parameter T can be chosen so that
1<0.

In method 400 1n FIG. 4, after the acceptance criterion has
been selected 1n step 201 the number of cells 1n the active set
1s determined 1n step 401. In step 402 the acceptance crite-
rion 1s adjusted for an uniform active set, where all cells have
the same quality factor p similarly as explained above. The
acceptance criterion may depend at least on the number of
cells 1n the active set and on the choice of the normalization
factor. After the acceptance criterion has been adjusted, the
method 400 continues similarly as method 300 from step
202 onwards.

FIG. 5 present an arrangement 300, a mobile station 510
and a network element 520 where a method according to the
invention 1s implemented. The arrangement for determining
a candidate cell for the active set comprises a test cell block
501, where the quality factor for a test cell 1s determined. It
also comprises an active set block 502, where the quality
factors for the cells belonging to the active cell are deter-
mined. It 1s advantageous to measure the quality factors of
the cells belonging to the active set each time the quality
factors are needed, but 1t 1s also possible to store the values
in memory and update them, for example, periodically.

The arrangement 500 further comprises an acceptance cri-
terion block 503, where the acceptance criterion 1s selected
and possible adjusted. In the decision block 504 the quality
factors of the test cell and of the cell belonging to the active
set are used to evaluate the acceptance criterion. The blocks
may be implemented, for example, using microprocessors
and proper program code.

FIG. 5 shows how the block of the arrangement may be
located to more than one device. In FIG. 5, the mobile sta-
tion 510 comprises block 501 and 502, 1.e. 1t determines the
quality factors for the cells in the active set and for the test
cell. It may, for example, measure the E /I, ratio of the pilot
signals of neighboring cells. The measurement results may
be transierred to a network element 520 of the cellular net-
work. This network element may be in charge of determin-
ing 11 the test cell 1s accepted as a candidate cell for the active
set.

It 1s also possible that a mobile station comprises the
whole arrangement 500, and when 1t detects a candidate cell
for the active set, 1t informs the cellular network about the
candidate cell and possibly about the quality factor of the
candidate cell and about the quality factors of the cells 1n the
active set. When selecting the cells for the active set 1n the
uplink direction, a network element 520 may comprise the
whole arrangement 500.

Thus, while there have been shown and described and
pointed out fundamental novel features of the present mnven-
tion as applied to a preferred embodiment thereof, it will be
understood that various omissions and substitutions and
changes 1n the form and details of the devices described and
illustrated, and in their operation, and of the methods
described may be made by those skilled 1n the art without
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departing from the spirit of the present invention. For
example, 1t 1s expressly intended that all combinations of
those elements and/or method steps which perform substan-
tially the same function in substantially the same way to
achieve the same results are within the scope of the mven-
tion. Substitutions of elements from one described embodi-
ment to another are also fully intended and contemplated. It
1s the intention, therefore, to be limited only as indicated by
the scope of the claims appended hereto.

What is claimed 1s:

1. A method [for determining a candidate cell for one of a
first active set and a second active set, the method] compris-
ng:

determining a quality factor for each cell in an active set

for which [the] a candidate cell is to be determined,
wherein the active set comprises a first active set or a
second active set,

determining the quality factor of a test cell;

accepting the test cell as a candidate cell for the active set
for which the candidate cell 1s to be determined, 1f an
acceptance criterion, which defines a value as a limait
for accepting the test cell, 1s tulfilled;

selecting the acceptance criterion so that within the accep-
tance criterion a first limit value 1s equal to a second
limit value multiplied by a finite number;

wherein said first limit value 1s for a certain first quality
factor of the test cell and for a certain first set of quality
factors, consisting of quality factors of cells 1n the first
active set, said second limit value 1s for a certain second
quality factor of the test cell and for a certain second set
ol quality factors, consisting of quality factors of cells
in the second active set, and the first quality factor is
equal to the second quality factor multiplied with the
finite number and the first set of quality factors 1s 1den-
tical to a set formed of the quality factors belonging to
the second set of quality factors multiplied by the finite
number.

2. The method of claim 1, wherein said acceptance crite-
rion involves a function, whose value depends at least on
quality factors of first cells in the active set for which the
candidate cell 1s to be determined and on certain parameter
values, and wherein said acceptance criterion produces the
first limit value for said first quality factor of the test cell,
said first set of quality factors and first parameter values,
which first limit value 1s equal to a second limit value multi-
plied by the finite number, said second limit value being for
said second quality factor of the test cell, said second set of
quality factors and said first parameter values, said first
parameter values being any parameter values.

3. The method of claim 1, wherein the quality factor of the
test cell and the quality factors of the cells 1n the active set
tor which the candidate cell 1s to be determined are normal-
1zed with a number having a predefined relative value com-
pared to values of the quality factors of the cells 1n the active
set for which the candidate cell 1s to be determined, the value
for the limit 1s determined using normalized quality factors
of the cells 1n the active set for which the candidate cell 1s to
be determined and the normalized quality factor of the test
cell and the test cell 1s accepted as a candidate cell, i1 the
acceptance criterion 1s fulfilled.

4. The method of claim 3, wherein the quality factors are
normalized using a largest quality factor of the quality fac-
tors of the cells 1n the active set for which the candidate cell
1s to be determined.

5. The method of claim 3, wherein the quality factors are
normalized using a smallest quality factor of the quality fac-
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tors of the cells 1n the active set for which the candidate cell
1s to be determined.

6. The method of claim 3, wherein the quality factors are
normalized using an average quality factor of the quality
factors of the cells in the active set for which the candidate
cell 1s to be determined.

7. The method of claim 1, wherein the acceptance crite-
rion 1s such that for the active set for which the candidate cell
1s to be determined and where all the cells have a certain
quality factor, the limit 1s that certain quality factor.

8. The method of claim 1, wherein the method 1s executed
periodically.

9. The method of claim 1, wherein the method 1s triggered
by a certain event.

10. The method of claim 1, wherein the candidate cell 1s
added to the active set for which the candidate cell 1s to be
determined.

11. The method of claim 1, wherein the cell having a
worst quality factor 1n the active set for which the candidate
cell 1s to be determined 1s replaced with the candidate cell.

12. A method [for determining a cell to be removed from
one of a first active set and a second active set,] comprising:

determining a quality factor for each cell 1n an active set
from which the cell 1s to be removed, wherein the active
set comprises a first active set or a second active set;

evaluating a rejection criterion using the cell having a
smallest quality factor as a test cell and a temporary set,
which contains cells of the active set from which the
cell 1s to be removed except the cell having the smallest
quality factor;

removing the test cell from the active set from which the
cell 1s to be removed, 1f a rejection criterion, which

defines a value as a limit for rejecting the test cell, 1s
fulfilled; and

selecting the rejection criterion so that within the rejection
criterton a first limit value 1s equal to a second limait
value multiplied by a finite number;

wherein said first limit value 1s for a certain first quality
factor of a test cell and for a certain first set of quality
factors, consisting of quality factors of cells 1n a first
temporary set, which contains the cells of the first
active set except the cell of the first active set having the
smallest quantity factor, and the second limit value 1s
for a certain second quality factor of a test cell and for a
certain second set of quality factors, consisting of qual-
ity factors of cells 1n a second temporary set, which
contains the cells of the second active set except the cell
of the second active set having the smallest quantity
factor, and the first quality factor 1s equal to the second
quality factor multiplied by the finite number and the
first set of quality factors 1s 1dentical to a set formed of
the quality factors belonging to the second set of qual-
ity factors multiplied by the finite number.

13. The method of claim 12, wherein said rejection crite-
rion involves a function, whose value depends at least on
quality factors of first cells 1n the temporary set and on cer-
tain parameter values, and wherein said rejection criterion
produces the first limit value for said first quality factor of
the test cell, said first set of quality factors and first param-
cter values, which first limit value 1s equal to the second
limit value multiplied by the same finite number, the second
limit value being for said second quality factor of the test
cell, said second set of quality factors and said first param-
cter values, said first parameter values being any parameter
values.

[14. An arrangement for determining a candidate cell for
one of a first active set and a second active set, comprising:
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means for determiming a quality factor for a test cell;

means for determining quality factors for cells in the
active set for which the candidate cell 1s to be deter-
mined;

means for selecting an acceptance criterion, which defines
a value as a limit for accepting the test cell and 1n which
a first limit value 1s equal to a second limit value multi-
plied by a finite number, said first limit value being for a
certain first quality factor of the test cell and for a cer-
tain first set of quality factors, consisting of quality fac-
tors of cells 1n the first active set, the second limit value
being for a certain second quality factor of the test cell
and for a certain second set of quality factors, consist-
ing of quality factors of cells 1n the second active set,
and the first quality factor being equal to the second
quality factor multiplied by the same finite number and
the first set of quality factors being i1dentical to a set
formed of the quality factors belonging to the second
set of quality factors multiplied by the finite number;
and

means for deciding about the acceptance of the test cell as
a candidate cell for the active set for which the candi-
date cell 1s to be determined using the acceptance crite-
rion. ]

[15. The arrangement of claim 14, wherein said accep-
tance criterion mmvolves a function, whose value depends at
least on quality factors of first cells 1n the active set for
which the candidate cell 1s to be determined and on certain
parameter values, and wherein said acceptance criterion pro-
duces a first limit value for said first quality factor of the test
cell, said first set of quality factors and first parameter
values, which first limit value 1s equal to the second limit
value multiplied by the finite number, the second limit value
being for said second quality factor of the test cell, said
second set of quality factors and said first parameter values,
said first parameter values being any parameter values.}

16. [A mobile station) Ar apparatus, comprising:

[means for determining a quality factor for a test cell;]

[means (502) for determining quality factors for cells in
one of a first active set and a second active set;]

means for [selecting] determining an acceptance criterion,
which defines a certain value [as] for the acceptance
criterion so that the certain value for a first limit value
for accepting [the] a test cell [and in which a first limit
value] is equal to a second limit value multiplied [by]
with a finite number, wherein said first limit value
[being] is for a [certain] first quality factor of the test
cell and for a [certain] first set of quality factors, con-
sisting of quality factors of cells in [the] a first active
set, the second limit value [being] is for a [certain] sec-
ond quality factor of the test cell and for a [certain]
second set of quality factors, consisting of quality fac-
tors of cells in [the] a second active set, and the first
quality factor [being] is equal to the second quality fac-
tor multiplied [by] with the [same] finite number and
the first set of the quality factors [being identical to] is
the same as a set formed of [a] quality factors belong-
ing to the second set of tze quality factors multiplied
[by] with the finite number; and

means for deciding about [the] ar acceptance of the test

cell as a candidate cell for [the] an active set [for which

the candidate cell is to be determined] using the accep-
tance criterion.

17. The [mobile station] apparatus of claim 16, wherein

said acceptance criterion mvolves a function, whose value

depends at least on quality factors of first cells in the active
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set for which the candidate cell 1s to be determined and on
certain parameter values, and wherein said acceptance crite-
rion produces the first limit value for said first quality factor
of the test cell, said first set of quality factors and first param-
cter values, which first limit value 1s equal to the second
limit value multiplied by the finite number, the second limait
value being for said second quality factor of the test cell, said
second set of quality factors and said first parameter values,
said first parameter values being any parameter values.

18. The [mobile station] apparatus of claim 16, whereir
said [mobile station] apparatus is a mobile station of [an
Universal Mobile Communication System] a universal
mobile communication system.

[19. A network element, comprising:

means for determining a quality factor for a test cell;

means (502) for determining quality factors for cells 1n
one of a first active set and a second active set;

means for selecting an acceptance criterion, which defines
a value as a limit for accepting the test cell and 1n which
a first limit value 1s equal to a second limit value multi-
plied by a finite number, said first limit value being for a
certain first quality factor of the test cell and for a cer-
tain first set of quality factors, consisting of quality fac-
tors of cells 1in the first active set, said second limit
value being for a certain second quality factor of the
test cell and for certain second set of quality factors,
consisting of quality factors of cells 1n the second active
set, and the first quality factor 1s equal to the second
quality factor multiplied by the finite number and the
first set of quality factors being 1dentical to a set formed
of the quality factors belonging to the second set of
quality factors multiplied by the finite number; and

means for deciding about the acceptance of the test cell as
a candidate cell for the active set for which the candi-
date cell 1s to be determined using the acceptance crite-
rion. ]

20. The [network element] apparatus of claim [19] 16,
wherein the [network element] apparatus is a network ele-
ment of a radio access network of Jan Universal Mobile
Communication System] a universal mobile communication
system.

21. The [network element] apparatus of claim 20,
wherein the network element is a [Radio Network Control-
ler] radio network controller.

[22. The network element of claim 19, wherein said
acceptance criterion involves a function, whose value
depends at least on quality factors of first cells in the active
set for which the candidate cell 1s to be determined and on
certain parameter values, and wherein said acceptance crite-
rion produces the first limit value for said first quality factor
of the test cell, said first set of quality factors and first param-
cter values, which first limit value 1s equal to the second
limit value multiplied by the finite number, the second limait
value being for said second quality factor of the test cell, said
second set of quality factors and said first parameter values,
said first parameter values being any parameter values.]

23. An apparatus, comprising:

[a test cell block configured to determine a quality factor

for a test cell;]

[an active cell block configured to determine quality fac-
tors for cells 1n one of a first active set and a second
active set;]

an acceptance criterion block configured to [select] deter-
mine an acceptance criterion, which defines a certain
value [as] for the acceptance criterion so that the cer-
tain value for a first limit value for accepting [the] a test
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cell [and in which a first limit value] is equal to a sec-
ond limit value multiplied [by] witk a finite number,
wherein said first limit value [being] is for a [certain}
first quality factor of the test cell and for a [certain] first
set of quality factors, consisting ol quality factors of
cells in [the] a first active set, [said] ke second limit
value [being] is for a [certain] second quality factor of
the test cell and for a [certain] second set of quality
factors, consisting of quality factors of cells in [the] a
second active set, and the first quality factor [being] is
equal to the second quality factor multiplied [by] wit/
the finite number and the first set of the quality factors
[being identical to] is the same as a set formed of [the]
quality factors belonging to the second set of the qual-
ity factors multiplied [by] wit/% the finite number; and

a decision block configured to decide [whether to accept]
about an acceptance of the test cell as a candidate cell
for [the] ar active set [for which the candidate cell is to
be determined] using the acceptance criterion.

24. A method, comprising:
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determining a quality factor for each cell in one of a first 20

active set and a second active set;
determining a quality factor of a test cell; and

accepting the test cell as a candidate cell for an active set
for which the candidate cell 1s to be determined, 1f an
acceptance criterion, which defines a value as a limait
for accepting the test cell, 1s tulfilled;

wherein the acceptance criterion 1s selected so that within
the acceptance criterion a first limit value 1s equal to a
second limit value multiplied by a finite number, said
first limit value being for a certain first quality factor of
the test cell and for a certain first set of quality factors,
consisting of quality factors of cells in the first active
set, said second limit value being for a certain second
quality-factor of a test cell and for a certain second set
of quality factors, consisting of quality factors of cells
in the second active set, and said first quality factor
being equal to the second quality factor multiplied by
the finite number and the first set of quality factors
being identical to a set formed of the quality factors
belonging to the second set of quality factors multiplied
by the finite number.
25. The apparatus of claim 16, wherein said apparatus
Jurther comprises:

means for determining a quality factor for the test cell;
and
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means for determining quality factors for cells in the
active set.

26. The apparatus of claim 23, wherein said apparatus
Jurther comprises:

a test cell block configured to determine a quality factor
for the test cell; and

an active cell block configured to determine quality fac-

tors for cells in the active set.

27. The apparatus of claim 26, wherein the quality factor
of the test cell and the quality factors of the cells in the active
set for which the candidate cell is to be determined are nov-
malized with a number having a predefined relative value
compared to values of the quality factors of the cells in the
active set for which the candidate cell is to be determined,
the value for the limit is determined using normalized qual-
ity factors of the cells in the active set for which the candi-
date cell is to be determined and the novmalized quality
Jactor of the test cell and the test cell is accepted as a candi-
date cell, if the acceptance criterion is fulfilled

28. The apparatus of claim 27, wherein the quality factors
are novmmalized using a largest quality factor of the quality
Jactors of the cells in the active set for which the candidate
cell is to be determined.

29. The apparatus of claim 23, wherein said acceptance
criterion involves a function, whose value depends at least
on quality factors of first cells in the active set for which the
candidate cell is to be determined and on certain parameter
values, and wherein said acceptance criterion produces the
ﬁmt limit value for said first quality factor of the test cell,
Y said first set of guality factors and first parameter values,
which first limit value is equal to the second limit value
multiplied by the finite number, the second limit value being
for said second quality factor of the test cell, said second set
of quality factors and said first parvameter values, said first
pammerer values being any parameter values.

30. The apparatus of claim 23, wherein said apparatus is
a mobile station of a universal mobile communication sys-
lem.

31. The apparatus of claim 23, wherein the apparatus is a
network element of a radio access network of an universal
mobile communication system.

32. The apparatus of claim 31, wherein the network ele-
ment is a radio network controller.
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