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Technique For Assigning Multicast Group Members To Radio Network Cells
DESCRIPTION
Field of the Invention

The invention relates to a technique for assigning members of a multicast group to
cells of a radio network. More specifically, the invention relates to an assignment
technigue for multicast group members that increases the network capacity. '

Background of the Invention

Multicast is the simultaneous delivery of information to a set of network destinations
that form a multicast group. By comparison with multicast, conventional point-to-
single-point delivery is called unicast, whereas delivery to every node of the network
is broadcast.

Modern cellular networks provide the capability to support multicast services such as
voice conferences and video conferences. In general, a particular multicast service
may very efficiently serve the members of a multicast group over a single channel if
the members are all located in a single cell. However, in many cases it is not possible
or not feasible to locate all members in a single cell. Moreover, in cellular networks
(and in particular in networks having a hierarchical cell stucture, also called multitier
cellular networks) a member of a multicast group may often belong to one of several
spatially overlapping and/or hierarchically related cells. In such situations, techniques
are useful for assigning the multicast group members such that the network capacity
is increased (e.g., in terms of the number of multicast groups that can be served by
the network).

Assignment techniques for spatially overlapping or spatially adjacent cells are often
defined in so called hand-over schemes. Such hand-over schemes are specifically
tailored for unicast services and are therefore not (or not readily) applicable to multi-
Cast services.
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One exemplary assignment technigue for networks having a hierarchical cell struc-
ture is described in Il Han et al. “An Efficient Channel Allocation Scheme for Multicast
Traffic in Multitier Cellular Systems”, IEICE Transactions on Communications, April
2001, E84-B(4), 1087-93. The technique proposed by Il Han et al. relates to a two
layer hierarchy with microcells and macrocells, each macrocell including a plurality of
microcells. A term “microcell group size” is introduced that specifies the number of
microcells in which members belonging to a particular multicast group exist. Assum-
ing that the members of the multicast group that are located in a single microcell are
served via a single channel, the number of channels needed for serving the multicast
group equals the microcell group size. If all members of the multicast group were
located in a macrocell, only a single channel would be needed. However, if only mac-
rocells provide the multicast service, significant capacity decreases may occur.

According to the technigue proposed by Il Han et al., all members of a multicast
group are assigned to either a macrocell or a microcell depending on the microcell
group size. The group members are all assigned to a macrocell if the microcell group
size would exceed a predefined threshold parameter. Otherwise, microcell channels
are allocated to all group members. Although this decision mechanism can be imple-
mented quite easily, setting of the threshoid parameter is a difficult task in scenarios
with varying network traffic.

It will be appreciated that there remains a need for flexibly assigning multicast group
members to radio network cells such that network capacity is increased.

Summary of the Invention

According to one aspect of the invention, a method of assigning one or more mem-
bers of a multicast group to cells of a radio network is provided, which comprises the
steps of determining among multicast group members in a first cell one or more first
group members having the highest resource demand in the first cell, determining for
each cell of a cluster of cells, including the first cell but disregarding the one or more
first group members therein, and in relation to a second group member having the
highest resource demand in the considered cell, the relative resource increase if the
one or more first group members were assigned to this cell, and assigning the one or
more first group members to the cell that is associated with a minimum relative re-
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source increase or a minimum compensated (e.g., weighted) relative resource in-
crease.

The cells of the cell cluster for which the relative resource increase is determined
may be a sub-set of the total cells of the radio network. The cell cluster may include
such cells to which the one or more first group members (that were determined in
the initial step) could potentially be assigned. The cells of the cell cluster can (but
need not) include neighbouring cells.

The invention may be practised in context with a variety of different cell structures.
According to one variant, the cells are hierarchically structured in accordance with an
arbitrary number of hierarchy layers. The hierarchy layers may include two or more
of a picocell layer, a microcell layer, and a macrocell layer (ordered by increasing cell
size). In the case of hierarchically structured cell layers, the assignment of multicast
group members to cells may be performed such that individual members of the mul-
ticast group are assigned to cells on different hierarchy layers. In other words, the
multicast group may stretch over two or more hierarchy layers. However, the as-
signment of multicast group members may also be confined to a single hierarchy
layer.

According to a further cell structuring variant, that may be combined with the hierar-
chical cell structuring approach discussed above, the cells may be spatially overlap-
ping. In such a scenario, the assignment may be performed in relation to (at least)
such group members that are located in overlapping regions to decide to which one
of two or more overlapping cells a particular group member is to be assigned.

The invention may be performed in an initial assignment phase in which at least one
group member (and preferably all group members) have not yet been assigned to
any cell. Alternatively, the method may be performed during a re-assignment phase
following an initial assignment of the multicast group members to cells of the radio
network. The re-assignment phase may be performed only once after the initial as-
signment, repeatedly (e.g., at predetermined points in time or depending on one or
more parameters indicative of a cell load or a network load) and/or when a member
of the multicast group triggers a location update.
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If the invention is practised in context with an initial assignment of the one or more
first group members to individual cells, the method may be performed under the as-
sumption that the one or more first group members have not yet been assigned to
any cell. In such a case the method may start with determining the one or more first
group members that need to be newly assigned. For each cell of a cell cluster, and in
relation to a second group member having the highest resource demand in this cell,
the relative resource increase if the one or more new group members were assigned
to this cell may be determined next. Thereafter, the one or more new group mem-
bers may be assigned to the cell that is associated with a minimum relative resource
increase or a minimum compensated relative resource increase.

In the case the invention is practised in context with a re-assignment of the one or
more first group members, the relative resource increase in the first cell associated
with the one or more first group members may be determined in relation to the sec-
ond group member having the second highest resource demand in the first cell (i.e.,
having the highest resource demand in the first cell after the one or more first group
members).

There exist several approaches for determining the relative resource increase (which
may also be zero) associated with assigning the one or more first group members to
a particular cell. According to one approach, the relative resource increase is deter-
mined as the difference in the considered cell between the resource demand of the
one or more first group members and the resource demand of the second group
member. The resource demand may for example be derived from a path gain or a
base station transmit power associated with a particular group member or a particu-
lar set of group members. If the method is performed for a set of group members,
the step of determining the relative resource increase and the step of assigning the
group member set may be performed taking into account the total relative resource
increase associated with this set.

In one embodiment of the invention, the step of determining the one or more first
group members having the highest resource demand among the multicast group
members in the first cell additionally comprises constructing a set of two or more first
group members. The set of first group members may be constructed in various ways.
In one exemplary scenario, the group member set includes the at least one first
group member having the highest resource demand in the first cell and one or more



10

15

20

25

30

35

WO 2006/066605 PCT/EP2004/014619

-5-

additional group members. The additional group members included in the set may be
chosen as the group members having the next highest resource demands in the first
cell and being associated with a relative resource increase that does not exceed the
resource increase associated with the first group member having the highest re-
source demand in the first cell.

As has been mentioned above, the one or more first group members may be as-
signed to the cell associated either with a minimum relative resource increase or a
minimum compensated relative resource increase. Accordingly, the method may
comprise the further step of determining a compensated relative resource increase
associated with the assignment of the one or more first group members to a particu-
lar cell. The compensated relative resource increase may be calculated from the rela-
tive resource increase and a compensation parameter. The compensation parameter
may be set for each cell individually in accordance with a large variety of control
strategies. According to one variant, the compensation parameter is set to control
group member distribution across the individual cells in a more sophisticated way
than simply relying on the mere relative resource increase. Preferably, the compen-
sation parameter is set adaptively such that cell blocking phenomena (resulting, e.g.,
from assigning too many muiticast groups or multicast group members to a particular
cell) are prevented or at least reduced.

In one embodiment, the step of determining the one or more first group members
having the highest resource demand among the multicast group members in the first
cell comprises ranking the group members according to their resource demand in the
first cell. Such a ranking step may be performed for the other cells also.

The method may be performed repeatedly (e.g., in the form of a loop) so that all
possible assignment combinations may be considered and the most favourable as-
signment scheme (e.g., in terms of a maximized network capacity) can be found. In
such a repetitive context the method may be repeatedly performed in an (inner) loop
for further individual first group members or sets of first group members in the first
cell in the order of decreasing resource demands. This means that once the one or
more first group members having the highest resource demand in the first cell have
been assigned, one or more further first group members having the next highest
resource demand among the remaining (i.e., not yet assigned or not yet re-assigned)
multicast group members in the first cell are determined and subjected to an as-
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signment procedure as described above. This repeated assignment of multicast
group members initially assigned to the first cell may be performed for every group
member assigned to the first cell or only for those group members that satisfy cer-
tain conditions (e.g., only for those that would actually lead to an overall resource
decrease if assigned to any other cell).

Once the assigned procedure has been concluded for a particular cell, the method
may be repeated for one or more remaining cells in relation to individual group
members or sets of group members included therein. To this end, an (outer) loop
may be provided in addition to the inner loop which repeatedly performs the method
for individual group members or sets of group members of one or more further cells.

The invention may be implemented as software, as a piece of hardware, or as a com-
bination thereof. As regards a software implementation, the method may be embod-

ied in a computer program product comprising program code portions for performing

the steps of the method described herein when the computer program product is run
on one or more computing devices.

According to another variant, the invention is embodied in an apparatus for assigning
one or more members of a multicast group to cells of a radio network. The apparatus
comprises a first determination unit with program code portions for determining
among the multicast group members in a first cell one or more first group members
having the highest resource demand in the first cell, a second determination unit
with program code portions for determining for each cell of a cluster of cells, includ-
ing the first cell but disregarding the one or more first group members therein, and
in relation to a second group member having the highest resource demand in the
considered cell, the relative resource increase if the one or more first group members
were assigned to this cell, and an assignment unit with program code portions for
assigning the one or more first group members to the cell associated with a mini-
mum relative resource increase or a minimum compensated relative resource in-
crease.

Brief Description of the Drawings

In the following the invention will be described with reference to exemplary embodi-
ments illustrated in the Figures, in which:
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Fig. 1 is a flow chart showing the individual steps of a method embodiment of the
present invention;

Fig. 2 is a block diagram showing the components of an apparatus embodiment of
the present invention; and

Fig. 3 is a diagram illustrating a cellular radio network and the setting of compensa-
tion parameters in accordance with the present invention.

Detailed Description of Preferred Embodiments

In the following description, for purposes of explanation and not limitation, specific
details are set forth, such as particular cell structures and particular mechanisms for
determining resource demands, resource increases, compensation parameters, etc.
in order to provide a thorough understanding of the current invention. It will be ap-
parent to one skilled in the art that the current invention may be practised in other
embodiments that depart from these specific details. For example, the skilled artisan
will appreciate that the current invention may be utilized in connection with other
(hierarchical or non-hierarchical) cell structures, different resource determination
mechanisms, and the like.

Moreover, those skilled in the art will also appreciate that the functions explained
herein below may be implemented using individual hardware circuitry, using software
functioning in conjunction with a programmed microprocessor or general purpose
computer, using an application specific integrated circuit (ASIC), and/or using one or
more digital signal processors (DSPs). It will also be appreciated that while the cur-
rent invention is primarily described as a method, it may also be embodied in a sys-
tem or in an apparatus comprising a computer processor and a memory coupled to
the processor, wherein the memory is encoded with one or more programs that may
perform the methods disclosed herein.

Fig. 1 discloses a flow chart 100 of a method for assigning one or more members of
a multicast group to cells of a radio network operating, for example, according to a
WCDMA standard or a GPRS standard. The methods starts, in step 102, with deter-
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mining at least one first group member having the highest resource demand among
the multicast group members of a first cell. According to a first variant, only the sin-
gle first group member having the highest resource demand among all members of
the multicast group that are located in and/or assigned to the first cell is selected in
step 102. According to a further variant, the multicast group members in the first cell
are ranked according to their resource demands in the first cell, and two or more of
the top ranked group members (i.e., the members having the highest resource de-
mands) are selected for a joint assignment.

In a second step 104, for each cell of a cluster of selected cells the relative resource
increase if the one or more first group members selected in step 102 were assigned
to this particular cell is determined. The relative resource increase is determined in
relation to a second group member having the highest resource demand in this cell.
If the cell considered in step 104 is a second cell different from the first cell, the sec-
ond group member absolutely having the highest resource demand in this second
cell will be selected. On the other hand, if step 104 is performed in relation to the
first cell, the second group member will be the group member having the highest
resource demand in the first cell if the one or more first group members selected in
step 102 are disregarded for the moment. In this case the second group member will
be the group member in the first cell having the second, third, etc. highest resource
demand (depending on the number of first group members selected in step 102).

Step 104 may be performed in relation to a cluster of cells that consists of such cells
to which the one or more first group members determined in step 102 could poten-
tially be assigned. The cluster of cells considered in step 104 may be a subset of the
total cells of the radio network.

The relative resource increase determined in step 104 may be positive or zero. The
resource increase determined in step 104 is relative in that not (only) the absolute
resource demand of the one or more first group members in the cell considered in
step 104 is determined, but the difference between the resource demand of the
group member having the highest resource demand in a cell before the assignment
of the one or more first group members to this cell on the one hand and the resource
demand in this cell of the one or more first group members on the other hand.
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Once step 104 has been performed in relation to a plurality of cells, the method pro-
ceeds with step 106. In step 106, the one or more first group members selected
from the first cell are assigned to the cell that is associated with the minimum (com-
pensated) relative resource increase. Step 106 encompasses assigning the first group
members to the first cell if it is determined in step 104 that keeping the one or more
first group members in the first cell would actually lead to a minimum (compensated)
relative resource increase compared with an assignment to any other cell considered
in step 104.

The assignment in step 106 may be performed with respect to various cell structures.
In the case of a hierarchical cell structure, step 106 may be configured such that if
repeatedly performed, the assignments will always occur on the same hierarchy layer
(e.g., on either a microcell layer or on a macrocell layer). It can thus be ensured that
all members of the multicast group will be confined to the same hierarchy layer. Al-
ternatively, step 106 may be performed such that the members of a particular multi-
cast group are distributed across two or more hierarchy layers (e.g., if such a cross-
layer distribution helps to maximize the network capacity).

Practising the method embodiment shown in Fig. 1 ensures that a first group mem-
ber (or a set of first group members) is always assigned to that cell where it causes
the smallest relative (or differential) resource increase. In the muiticast scenario it is
advantageous (and often necessary) to consider the relative resource increase in-
stead of an absolute resource demand as in each cell a plurality of group members
can exist. If only one or a few of the group members located in a particular cell will
leave that cell, the multicast group will still consume resources in that cell. On the
other hand, if a member of the multicast group is assigned to a cell in which already
other members of the multicast group exist, the resource increase associated with
this new assignment will not be the absolute resource demand (e.g., base station
transmit power) of this newly assigned member but the difference (if any) between
this resource demand and the highest resource demand of any multicast group
member previously assigned to this cell.

Likewise, the resources freed in a particular cell if a multicast group member having
the highest resource demand is leaving the group will generally not equal the re-
source demand of the leaving group member but will equal the difference between
the resource demand of the leaving group member and the resource demand of the
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group member staying in the cell and having the next highest resource demand
among all muilticast group members staying in the cell. While in the above descrip-
tion only an assignment of a single group member has been considered, it will be
apparent that the same mechanisms can be applied to a set of two or more group
members (i.e., to the joint assignment of several group members). In such a sce-
nario a set of group members may be assigned to the cell for which the aggregated
relative resource increase or relative compensated resource increase is minimum.

To exemplify the method embodiment of Fig. 1, a further method embodiment de-
rived therefrom will now be described for the case of a multicast group served in (at
least) two cells of a radio network. In this further embodiment, a hand-over decision
between two spatially overlapping and/or hierarchically related cells will be described
in relation to a single group member. This embodiment again makes use of the fact
that the resource demand of a multicast group for in individual cell is determined by
the consumption of the group member having the highest resource demand in this
cell.

In a first step of the further method embodiment, the multicast group members
served in a first and in a second cell are ranked according to a demand of a resource
they create in the respective cell. For the top ranked multicast group member in the
first cell a relative resource change is determined in the first and in the second cell if
this group member would be switched from the first to the second cell. In other
words, in the first cell the difference between the resource demand created by the
top ranked group member and a resource demand of the second ranked group
member is determined, and in the second cell a difference between the resource
demand that would be created in the second cell by the member top ranked in the
first cell and the actual resource demand that is created by the top ranked member
in the second cell is determined. If the top ranked member in the first cell would free
more resources in the first cell than it would additionally consume in the second cell,
then the top ranked member in the first cell is re-assigned from the first cell to the
second cell (meaning that a switching or a hand-over from the first to the second cell
will occur).

An apparatus embodiment 200 of the present invention is shown in Fig. 2. The appa-
ratus 200 is configured to carry out the method embodiments described above in
context with assigning one or more members of a multicast group to cells of a radio
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network. The apparatus 200 comprises a first determination unit 202 with program
code portions for determining one or more first group members having the highest
resource demand among the multicast group members in the first cell. The first de-
termination unit 202 communicates with a second determination unit 204. The sec-
ond determination unit 204 comprises program code portions for determining for
each cell, including the first cell but disregarding the one or more first group mem-
bers therein, and in relation to a second group member having the highest resource
demand in this cell, the relative resource increase if the one or more first group
members were assigned to this cell. An assignment unit 206 communicates with both
the first determination unit 202 and the second determination unit 204. The assign-
ment unit 206 comprises program code portions for assigning the one or more first
group members selected by the first determination unit 202 to the cell associated
with a minimum relative resource increase (or a minimum compensated relative re-
source increase) output by the second determination unit 204.

The apparatus 200 shown in Fig. 2 may be part of a radio network system such as a
WCDMA system or a GPRS system. Such radio network systems usually comprise one
or more base stations BSs and a plurality of mobile terminals MTs that are served by
the one or more BSs. In a multicast scenario, the MTs are grouped into one or more
multicast groups. The individual members of a particular multicast group may be lo-
cated in different cells of the radio network. The resource demand (or resource con-
sumption) R; of an individual multicast group member in cell j is mainly determined
by the path gain G; between MT; and the base station BS; serving MT; in cell j. There
are additional factors such as the multipath profile of the radio channel and intercell
interference that also influence the resource demand R;, but the path gain G;j is in
most cases the dominant factor.

In a simplified approach it can be assumed that the resource demand R; (e.g., meas-
ured in W) of MT; in cell j can be expressed as

R=a*10"(-G;) (1)
with “a” being a constant factor.

The path gain Gj (e.g., measured in dB) can be written as
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Gj= Pj-Ptj (2)

with Py being the received power at MT; of the common pilot channel CPICH and Pt
being the CPICH transmit power. Assuming that Pt; is equal for all cells, this common
power may be denoted by Pt. In this case the path gain G; of MT; to cell j becomes
Gj=Ps-Pt. Other methods for estimating the resource demand or resource consump-
tion may, of course, be used in addition or alternatively. Such alternative estimation
methods may be based on a determination of the signal-to-noise ratio, on the num-
ber of bits added for error protection and/or on the required bandwidth (which in-
creases with the number of bits added for error protection).

As has been explained above (see, e.g., step 106 of Fig. 1), the assignment of multi-
cast group members to individual cells may be based on a determination of the
minimum relative resource increase, which again may be derived from the involved
R;j values (or G; values). Alternatively, the assignment may be based on the minimum
compensated (or adjusted) relative resource increase. To this end a compensation
parameter may be defined that increases the flexibility and controllability of the cell
assignment.

In the following, compensation parameters in the form of cell individual offsets
(CIOs) will be described as one compensation example. In order to illustrate the
mechanism associated with the CIO values, a CIO based unicast cell load balancing
scenario will be described first. The unicast mechanisms described hereinafter will
then be extended to the multicast case.

In WCDMA systems for example, cell load sharing may be implemented by moving
the cell boarders via an adjustment of the CIO values. The CIO values may be sig-
nalled to the MTs in an RRC message “measurement control” used for cell quality
comparisons in the MTs. The “measurement control” message additionally includes
information about the one or more cells a particular MT is expected to monitor,
measurement parameters etc. The message thus defines the quantities a particular
MT is expected to measure and report. For MTs on dedicated channels, the radio
network can make hand-over decisions based on the measurements reports from
MTs. The CIO values may also be transmitted in an RRC message “system informa-
tion” and may then be used for autonomous cell selection and re-selection by MTs on
common channels.
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The unicast cell load balancing mechanism will now be explained in more detail with
reference to Fig. 3. Fig. 3 shows a cellur radio network 300 with six cells j to which
individual offset values CIO; have been attributed. Assume that the initial CIO value
of each cell 1 to 6 is initially set to 0 dB. Assume further that each MT is configured
to select or to be assigned to the cell j with the largest P;+CIO; value (which trans-
lates to the largest G;+CIO; value in the case the CPICH transmit power Pt; is as-
sumed to be equal for all cells).

If cell 1 is serving so many MTs that the cell resource (e.g., BS transmit power) is
close to its maximum, the CIO value of cell 1 may be reduced (e.g., to -3 dB as
shown in Fig. 3). In this case the cell quality comparisons made by the MTs will fa-
vour the neighbouring cells 2, 3, 4, 5, 6 (assuming that the respective P; values are
approximately the same). Accordingly, the MTs will report to the radio network that
cell 1 is 3 dB worse than each of cells 2 to 6. This initiates a hand-over (or re-
assignment) from cell 1 to any one of the neighbouring cells 2 to 6 of cell 1 for all
MTs that are on a dedicated channel and that are close to the boarder of cell 1. MTs
on common channels will also deduct 3 dB from the cell quality measurement of cell
1 in their autonomous cell (re-)assignment process. As a result of these two mecha-
nisms, a plurality of MTs in cell 1 will switch to one of the neighbouring cells 2 to 6.

Instead of selectively reducing the CIO value of cell 1 one could of course also keep
the CIO of cell 1 at 0 dB and attribute positive CIO values to celis 2 to 6 in order to
direct assignments from cell 1 to any one of its neighbouring cells 2 to 6. The deci-
sive parameter is the difference between the CIO value of cell 1 and the CIO values
of its neighbouring cells 2 to 6.

In Fig. 3, the CIO decrease of 3dB in cell 1 could be illustrated as a shrinking of cell 1
and a broadening of cells 2 to 6. It should be noted that for purposes of enhancing
the clarity of Fig. 3, no overlapping (or soft hand-over) regions are illustrated. Of
course, in reality the soft hand-over regions (not the cell boarders as such) will move
in response to load sharing mechanisms.

Now the hand-over of multicast members will be considered. Noting that the selec-
tion based on the largest G;+CIO; is equal to a selection based on the largest
10™N(Gj+CI0y)/10, it follows from equation (1) that
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10(Gy+CI05)/10=10~(Gy/ 10)*10~(CI0;/10)=a/R*10~(CIOy/10) 3)

It follows that a cell assignment based on the resource demand has to follow a rule
which states that the cell j for which the compensated resource demand R*CIO;' is
minimal has to be selected, with

CIOy'=a/10~(-CIO;/10). 4)

In the following only the CIOy values will be considered further. In order to simplify
the notatation, the hash in CIO; will be omitted. It should, however, be kept in mind
that the CIO; values used hereinafter actually denote the CIO; values (and are no
longer measured in dB).

Using CIO; as an adaptive compensation parameter in relation to the received power
P; of the CPICH (or the path again G;j), the cell selection rule (also for the multicast
scenario) is advantageously defined such that the cell j is selected for which RixCIO;
is minimal. It now becomes apparent what the cell load balancing principle described
above inherently does: each multicast group member MT compares the resource
demand it would cause to each of a set of candidate cells that can serve the MT. If
all CIO; values were equal, then the MT would simply select the cell j in which it
would cause to lowest resource consumption. However, if this is the case for too
many MTSs in a particular cell, this cell would become overloaded, so that the cell has
to force MTs to other cells by appropriately setting its CIO; value (although the re-
source demand of these MTs will be higher in the other cells). This principle applies
to both the unicast and the multicast scenario.

The CIO setting mechanism can be further illustrated by the following example. As-
sume that there are only two cells with identical path gains Gi=G,. In this case only
the parameter CIO;,=CIO4/CIO; needs to be considered. By adjusting this parameter
from 0 to oo, the assignment of MTs is changed from all MTs beings assigned to cell
1 to all MTs being assigned to cell 2. This effect also applies if the two cells belong to
different hierarchy layers. In this case the compensation parameter CIO;, (and in
general CIO;) can be used to change the load between the two cell layers.
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In the following the principles set forth above will be applied to a further method
embodiment.

For a set of multicast group members in a particular cell, the resource demand of the
entire set is in most cases determined by the radio propagation conditions of one
single member in the group. This is generally the member m that would have the
highest resource demand Ry, in a cell j if all members in the set were served by indi-
vidual unicast channels instead of the joint multicast channel. In fact, the resource
demand of the whole set of members of the multicast group in cell j can be approxi-
mated by R;m. Keeping this in mind, the following method embodiment will be de-
scribed in relation to an initial assignment phase first that is followed by a re-
assignment phase.

In an initial assignment phase, one or more members of a multicast group request to
join the multicast group, or the multicast group is set up from the scratch. According
to the principle of an assignment based on the minimum compensated relative re-
source increase, a new member m selects a cell j for which the value

Rj,m'= max(O ,(Rj,m~Rj,o))*CIOj (5)

is minimal (note that the factor CIO; can be omitted if the assignment is based on
determining the cell with the minimum non-compensated relative resource increase).

In the above equation (5), R;, is the resource demand of the member o that is in the
same multicast group as the member m and that has already been assigned to cell j
and that determines in cell j the resource demand of the muiticast group to which
the member o belongs (i.e., member o has the highest resource demand among the
multicast group members in cell j). If R;n is zero for more than one cell, then the
new multicast group member m selects any one of these cells.

Equation (5) clearly shows the major difference between the multicast scenario and
the unicast hand-over procedure explained above. In the multicast case the cell as-
signment (additionally) depends on the values Rj.. In other words, the assignment of
a new multicast group member (and also the re-assignment described below) de-
pends on the previous assignments of other members of the same multicast group.
In the initial assignment phase, therefore, the finial assignment of the multicast
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group members to celis after some members of the same multicast group have se-
lected a cell depend on the order in which the previous members have made their
selection decision. In terms of the network capacity (e.g., in terms of the number of
multicast group members that can not be assigned due to cell overioad), the initial
assignment may be better for some assignment order than for some other assign-
ment order. In order to find the (at least temporarily) best assignment, re-
assignment mechanisms may be carried out once the initial assignment has been
performed. Such mechanisms start when all members of a particular multicast group
have been assigned (here members are considered to be (initially) assigned even if
this overloads one or more cells).

In the following, a re-assignment mechanism that aims at reducing the overall re-
source demand will be illustrated. The illustrated re-assignment mechanism may be
combined with the initial assighment mechanism described above or any other
mechanism that may be used to find an initial assignment.

The re-assignment mechanism starts with selecting a particular cell j and a particular
multicast group having group members assigned to this cell j. The mechanism then
tries to switch group members from cell j to other cells to increase network capacity.

In a first step, an order is introduced among the group members in cell j by giving a
group member determining the resource demand of a multicast group fraction in cell
j the highest rank and then (fictitiously) removing it from cell j. The remaining group
members all have a lower resource demand, and the group member now determin-
ing the resource demand of the multicast group fraction in cell j is given the second
rank and is thereafter (fictitiously) removed from cell j as well. This process is re-
peated until all group members in cell j have been assigned a rank. The ranking
process may be performed for muiticast group fractions in other cells also.

The further steps will depend on the decision whether the assignment is to be per-
formed on a member-by-member basis or if group member sets can be assigned
jointly. Under certain circumstances the joint assignment may be more efficient in
terms of increasing the network capacity in comparison with the assignment of single
group members. Accordingly, the following approach is described for a joint assign-
ment scenario.
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After the ranking of the group members has been performed, it is determined if the
group member m having the highest rank in cell j shall be assigned to cell k. In order
to find out if there exist further group members having a lower rank in cell j but that
should be assigned together with the highest ranked group member to cell k, it is
determined if any of these further group members can be assigned to cell k without
further increasing the resource demand in cell k (compared with the situation that
group member m was assigned alone). The resource demand of the MT with rank
r=1 in cell i is denoted R;,,. The resource demand Ry, o denotes the absolute resource
demand in cell k before MT m is tentatively switched to cell k.

An algorithm variable denoted Ry, max indicative of the tentative maximum resource
demand in cell k is initialised to:

Rk, max— Rk, o- (6)

In order to test if the MT m=0 df rank r=1 (i.e., that determines the resource con-
sumption R; in its group) shall be switched to cell k, it is tentatively assumed that this
MT is switched to cell k.

The associated decrease in resource consumption in cell i is:
R'0=max(0,1(R;—Rm+1))*CIO ‘ (7)

Next the tentative maximum resource demand in cell k is updated if the MT m, if
switched to cell k, would cause a larger resource demand, i.e.:

Ry, max=maX(Rk,max/Rkim) (8)
The associated increase in resource consumption in cell k is:

R' im=max(0,(Ri,max-Ri,0))*CIOk (9)
The difference

R, m=R'km-R'm (10)

is a measure of the increase of the sum of the absolute resource demand in cells i
and k that would result from a switching of all MTs of rank r<=m from cell i to k.
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Next, the MT of rank m:=m+1 in cell i is considered, until all MTs in cell i have been
considered, and for each the above 3 equations are evaluated again.

Then, the steps above are repeated for each cell k that is a candidate for switching.

Finally, the minimum of all R'y, w is selected and the corresponding indices k and m
are denoted kmin and mmin. All MTs of rank r<mmin are switched to cell kmin. All
the group members that could be assigned to cell k form a group member set S .
The first group member that cannot be switched to cell k any more according to the
above rules is denoted as group member n.

For the group members remaining in cell j the overall resource consumption does not
depend on whether these group members are assigned to cell j or to cell k. In the
present embodiment it is assumed that these group members remain assigned to cell

j

Once the group member set S;x has been determined, compensated relative resource
increases are calculated and compared with each other. The switching of the group
members in the set S;x is only considered further if the condition

(Ri,m=Ry,0) ¥*CIO;< (Rj,m=Rj,n)*CIOk (11)
holds.

Here, Ry, denotes the resource demand of group member o that has already been
assigned to cell k and that determines in cell k the resource demand of the multicast
group to which the group member o belongs. R;, denotes the resource demand of
the group member n in cell j that is the first to remain in cell j (and that is therefore
not contained in S;). In other words, an assignment of the group members con-
tained in Sk is only considered further if the assignment of S; would free more re-
sources in cell j than would be additionally consumed in cell k.

The previously described procedure for cell j and cell k is then repeated by consider-
ing all further cells i in addition to of cell k. Next, all values
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Ri,m'=(Ri,m‘Ri,n)*CIOi (12)

are compared and the group members contained in the set S;, are assigned to cell
h=i for which R/, is minimum. Thereafter, the re-assignment process described
above is repeated (in an inner loop) but now considering the group members that
have remained in cell j (i.e., that are not contained in Sn). The repetitions are
aborted as soon as no more group members of cell j can be assigned to any other
cell according to the rules outlined above.

In a further, outer loop, the re-assignment process is repeated for each cell j. In this
regard a strategy may be implemented that determines the order in which cells are
considered in this outer loop. A further strategy may be implemented in relation to
an (adaptive) setting of the CIO values to influence the cell assignment on a cell-by-
cell basis taking into account additional constraints such as the maximum cell load. In
both the inner and the outer loop, the re-assignment mechanism aims at minimizing
the sum of the total resource demand or consumption of the considered multicast
group in each cell.

As has become apparent from the above, the invention allows to make a more effi-
cient use of available network capacity. More specifically, the invention reduces the
blocking rate of multicast groups in multilayer or other cellular radio networks, given
a particular number of multicast groups that need to be served. Accordingly, the in-
vention increases the network capacity in terms of the number of multicast groups
for a predefined blocking rate limit.

While the current invention has been described in relation to its preferred embodi-
ments, it is to be understood that this disclosure is only illustrative. Accordingly, it is
intended that the invention be limited only by the scope of the claims appended
hereto.
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CLAIMS

1. A method of assigning one or more members of a multicast group to cells of a

radio network, comprising the steps of:

a) determining among multicast group members in a first cell one or more
first group members having the highest resource demand in the first
cell;

b) determining for each cell of a cluster of cells, including the first cell but
disregarding the one or more first group members in the first cell, and
in relation to a second group member having the highest resource de-
mand in the considered cell, the relative resource increase if the one or
more first group members were assigned to this cell; and

C) assigning the one or more first group members to the cell associated
with a minimum relative resource increase or a minimum compensated
relative resource increase.

. The method of the preceding claim, wherein the cells are hierarchically struc-

tured and wherein step c) is permitted to assign the members of the multicast
group to cells on different hierarchy layers.

. The method of any of the preceding claims, wherein the cells are spatially

overlapping and wherein the steps are performed in relation to group mem-
bers located in overlapping regions.

. The method of any of the preceding claims, wherein the steps are performed

during a re-assignment phase following an initial assignment of the multicast
group members to cells of the radio network.

. The method of any of the preceding claims, wherein for an initial assignment

of the one or more first group members, steps a) and b) are performed under
the assumption that the one or more first group members have not yet been
assigned to any cell.
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6. The method of any one of claims 1 to 4, wherein for a re-assignment of the
one or more first group members, step b) comprises determining for the first
cell the relative resource increase associated with the one or more first group
members in relation to the second group member having the highest resource
demand in the first cell after the one or more first group members.

7. The method of any of the preceding claims, wherein step b) comprises deter-
mining the relative resource increase as the difference in the considered cell
between the resource demand of the one or more first group members and
the resource demand of the second group member.

8. The method of any of the preceding claims, wherein the resource demand is
derived from a path gain or a base station transmit power associated with a
particular group member or set of group members.

9. The method of any the preceding claims, wherein step a) comprises building a
set of two or more first group members, the group member set including the
group member having the highest resource demand in the first cell and one or
more additional group members having the next highest resource demands in
the first cell.

10. The method of the preceding claim, wherein the group member set includes
only such additional group members for which the relative resource increase in
step b) does not exceed the relative resource increase associated with the one
or more first group members having the highest resource demand in the first
cell.

11. The method of any of the preceding claims, wherein step b) further com-
prises calculating for each cell a compensated relative resource increase from
the relative resource increase and a compensation parameter.

12. The method of the preceding claim, wherein the compensation parameter is
set for each cell individually.
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13. The method of the preceding claim, wherein the compensation parameter is
set to control group member distribution across the individual cells.

14. The method of any of the preceding claims, wherein step a) comprises rank-
ing the group members according to their resource demands for each cell indi-
vidually.

15. The method of the preceding claim, further comprising repeatedly performing
the steps for further first group members or sets of first group members of the
first cell in the order of decreasing resource demands.

16. The method of any of the preceding claims, further comprising repeatedly
performing the steps for group members or sets of group members of the re-
maining cells.

17. A computer program product comprising program code portions for perform-
ing the steps of any of the preceding claims when the computer program
product is run on one or more computing devices.

18. The computer program product of the preceding claim, stored on a com-
puter readable recording medium.

19. A device for assigning one or more members of a multicast group to cells of
a radio network, comprising:

- afirst determination unit with program code portions for determining
among multicast group members in a first cell one or more first group
members having the highest resource demand in the first cell;

- asecond determination unit with program code portions for determin-
ing for each cell of a cluster of cells, including the first cell but disre-
garding the one or more first group members in the first cell, and in
relation to a second group member having the highest resource de-
mand in the considered cell, the relative resource increase if the one or
more first group members were assigned to this cell; and

- an assignment unit with program code portions for assigning the one or
more first group members to the cell associated with a minimum rela-



WO 2006/066605 PCT/EP2004/014619

-23 -

tive resource increase or a minimum compensated relative resource in-
crease.
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