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(57) Abstract: The invention relates to a method of selecting
by a control entity between at least a first and a second opera-
tion mode of providing a broadcast or multicast service to user
equipments (UEs) in a wireless telecommunication network,
the method comprising: transmitting a request signal from the
control entity to a plurality of base stations, the base stations
being adapted for providing the service to the user equipments,
receiving by a control entity operating expense values in re-
sponse to the transmitted request signal from the base stations,
the operating expense values describing the amount of radio re-
sources per data volume required for providing the service from
the base stations to the user equipments, selecting one of the at
least two operation modes of providing the service by analyz-
ing the received operating expense values.
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Method of selecting between multiple operation modes of providing a broadcast or

multicast service

Description

Technical field

The invention relates to a method of selecting between at least a first and a second
operation mode of providing a broadcast or multicast service to user equipments, a
method of transmitting an operation expense value to a control entity, a control entity, a
base station and a computer program product.

Background and related art

A challenging task in mobile telecommunication is to provide multimedia services like
video services to a wireless user in an efficient way. Efficiency refers here especially to

an efficient use of the scarce and expensive radio resource like frequency bands
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allocated to a network, such that as many users and different services as possible can
be served in parallel within the radio frequency band. While existing second generation
wireless networks support voice services in an efficient way, third generation wireless
systems and packet-based wireless network’s goal is to to provide optimal service for
data communication and distribution in the most efficient way. One example is mobile
TV, which is a service which is provided to subscribers via telecommunication networks.
Mobile TV involves providing TV services to mobile phones or in general user
equipments (UEs). It combines the services of a mobile phone with television content

and represents a logical step both for consumers and operators and content providers.

Mobile TV can be provided for example using new generation 3G (WCDMA/HSPA)
networks. Such networks provide enough capacities in order to scale-up mobile TV

services for the mass market.

By using, depending on the service, unicast or broadcast/multicast transmission
techniques, network capacity and investments can be optimized. Broadcast/multicast
technigues are applicable when (multi-media) data has to be provided from one source
to a large number of receivers in parallel (e.g. popular TV programs). Unicast
techniques are applicable when data has been exchanged between different
communicating entities or data has to be distributed to one or few receivers (e.g. on-

demand multi-media content).

However, with the provision of media services to customers, the problem has arisen that
the limited bandwidth of data transmission has to be distributed effectively among a
multitude of wireless users. Multimedia broadcast/multicast service (MBMS) is one of
the evolving service concepts within the third generation networks. MBMS is a user
service, which is a combination of both a broadcast service and a multicast service.
Third generation partnership (3GPP) is working on establishing standards for

multimedia broadcasts/multicast services.

Regarding such kind of MBMS service concepts, 3GPP TS 36.300 (third generation
partnership project; technical specification group radio access network; evolved
universal terrestrial radio access (E-UTRA) and evolved universal terrestrial radio
access network (E-UTRAN); overall description; stage 2 (release 8)) suggests two
transmission modes for MBMS data, namely point-to-multipoint single-cell (PTM-SC)
transmission with full feedback and adaptive modulation and coding applied, but with no

coordination with neighboring cells. The second described transmission mode is point-
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to-multipoint multi-cell transmission (PTM-MC) in the form of an MBSFN (multicast
broadcast single frequency network) where participating cells have synchronized MBMS

content and thereby considerably reduced interference.

However, there is the technical problem to find a suitable criterion to switch between
these two transmission modes. Thereby, information about a density of users interested
in an MBMS service is vital for a decision when to switch to PTM-SC or PTM-MC.

In PTM-SC mode the MBMS data is sent out individually in each single cell. This
means, that even in the case that cells transmitting the same service are immediate
neighbors, they are not coordinating their transmission and therefore their transmissions
might interfere with each other. On the other hand in MBSFN the transmission of MBMS
data is synchronized between the different cells such that the signals received by a UE
can be soft-combined over multiple cells instead of interfering with each other. This
allows that the data can be transmitted more efficiently using less radio resources as for
example the frequency in a cell. However, this transmission mode requires that the
transmission is performed in a cluster of cells. Therefore, this mode is only efficient if in
a sufficiently large part of the transmitting cells there are interested users for a specific
MBMS service.

Furthermore, it was shown that switching between these two modes depends on the
average user density for a given cluster with typical break points between 0.5 and 4
users per cell. This can for example be found in the 3GPP Tdocs R1-071433 ‘additional
results on E-MBMS transmission’, Motorola, R1-071049, ‘spectral efficiency comparison
of possible MBMS transmission schemes: additional results’, Ericsson and R1-070984,

‘efficiency comparison of MBMS transmission modes’, Nokia.

Therefore one way to find a suitable criterion to switch between PTM-SC and PTM-MC,
is to determine the average number of users per cell for a given MBMS service. Such a
determination of the average number of users per cell could for example be performed

by counting or polling.

Counting thereby identifies how many users take part in a specific MBMS service. The
main advantage of this procedure is the fact, that the average user density can readily
be determined. A major disadvantage is the amount of radio resources that needs to be
spent. User equipments (UEs) in RRC_IDLE may receive an MBMS service without

being time aligned, so that they would have to signal their participation via the RACH
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4
(random access channel). In case of a large number of participants this may cause
congestion (compare 3GPP Tdocs R2-070742, ‘counting procedure for LTE MBMS’,
CATT and R2-062271, ‘layer 1 signaling base user detection for LTE MBMS’, IP

wireless).

Polling allows to determine whether there is one or more user equipments present in a
cell that is interested in an MBMS service. Thus in contrast to counting, it does not
matter how many UEs are interested or participating, but only if they are interested or

participating. Generally, polling is regarded to be simpler than counting.

In a given cell cluster the average user density, which is determined either directly by
counting or implicitly by polling, can also be the criterion for a respective control entity to
decide which of the two techniques is more efficient in terms of used ratio resources.
Thereby, the control entity is for example the MBMS control entity (MCE). The MCE is
responsible for coordination of the base stations taking part in PTM-MC transmission
and to select the transmission mode (PTM-SC transmission or PTM-MC transmission)
to be applied in the different base stations. Since for the MCE, the quantity of used radio
resources is the main focus in the first place, it would be more suitable for a base
station to send an estimate of the achievable transmission efficiency e.g. in terms of
used resources per standardized data quantity for a given MBMS service in PTM-SC
transmission mode and PTM-MC transmission mode instead of polling or counting
values to the MCE. This would allow the MCE to have more accurate estimates for the
efficiency of service transmission in PTM-SC and PTM-MC mode and to select the most

efficient transmission mode for a service.
Summary of the invention

The present invention provides the method of selecting by a control entity between at
least a first and a second operation mode of providing a broadcast or multicast service
to user equipments (UEs) in a wireless telecommunication network, the method
comprising the steps of transmitting a request signal to a multitude of base stations, the
base stations being adapted for providing the service to the user equipments, receiving
operating expense values in response to the transmitted request signal from the base
stations, the operating expense values describing the amount of radio resources per
data volume required for providing the service from the base stations to the user
equipments and selecting one of the at least three operation modes of providing the

service by analyzing the received operating expense values.
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5
An operation mode is in general a transmission technique or a set of transmission
techniques that are categorized into said operation mode because of common features.
Correspondingly, a change of the operation mode can also refer to a change between
two transmission techniques even if they are categorized to be in the same operation

mode.

Therewith, a base station (in 3GPP LTE: eNodeB) supplies a control entity with
information on the estimated radio efficiency, e.g. the amount of radio resources per
data volume required for providing the service from the eNodeB to the user equipments,
or more exactly the number of used resource blocks per data quantity for a given MBMS
service. Since saving radio resources is the primary reason for switching between
transmission modes, it is advantageous to directly use a radio resource efficiency value
(used spectrum per data quantity) instead of using another value like polling or counting

values that only implicitly refer to the same information.

Using directly a radio resource efficiency value has further the advantage, that even
though radio resource efficiencies might differ between different eNodeBs, either
because of differences in the implementation of the eNodeBs or because of different
radio environments, the control entity always obtains information about required radio
resources which is the key criterion for the control entity to decide which transmission
technique to use. In case the radio resource efficiency differs between different
eNodeBs, transmitting polling or counting information to a control entity may lead to
wrong decisions of the control entity which transmission technique to use, because the
control entity has no information about the different radio resource efficiencies at the
different eNodeBs. Therewith, by directly using radio resource efficiency values
transmitted from the eNodeBs to the control entities has the advantage of obtaining a
more precise basis for the decision of the control entity which transmission technique to

use.

It has to be mentioned, that transmitting the request signal to the multitude of base
stations (eNodeBs) might be only necessary when initially providing a given service to
user equipments via the eNodeBs. For example, if the eNodeBs support automatic and
periodic transmission of used radio resources to the control entity, the control entity
does have to send said request signal only once. After that, the control entity

periodically receives radio resource efficiency values from the base stations.
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In accordance with an embodiment of the invention, the service is a multimedia
broadcast/multicast service (MBMS). This allows a highly efficient distribution of
multimedia data streams to user equipments in the digital wireless communication
network. MBMS offers a capacity for data transmission which allows for multicast
distribution instead of only a point-to-point link to user equipments in the digital wireless
communication network. This leads to a more efficient system usage enabling
streaming and download services for a multitude of user equipments served by a

respective eNodeB.

The operation modes or transmission techniques of providing a broadcast or multicast
service to user equipments may be categorized by taking into account at least the
feature “synchronicity over multiple cells” and the feature “existence of a feedback
mechanism”. The broadcast and multicast service by nature in MBMS transmits data
point-to-multipoint, but does not preclude point-to-point transmission for low user

density cases.

In accordance with an embodiment of the invention, the first operation mode is
characterized in that the providing of the service from the base stations to the user
equipments is scheduled autonomously by the base stations. The second operation
mode is characterized in that the providing of the service from the base stations to the
user equipments is scheduled by the control entity. In other words, in the first operation
mode the base station is allowed to set and adjust for example transmission
frequencies, timeslots and the modulation and coding scheme (MCS), whereas in the
second operation mode transmission frequencies, timeslots and MCS are specified by
the control entity. For example, the first operation mode is a point-to-multipoint single-
cell transmission mode (PTM-SC) and the second mode is a point-to-multipoint multi-

cell transmission mode (PTM-MC).

It has to be noted that in case the control entity configures the base stations to use the
first operation mode, even though the base stations decide on the radio resources and
configuration they apply for transmitting the service in an autonomous way, this case
does not preclude that the control entity provides base stations with information, e.g.
frequencies to be used only with restricted power, for the control of interference
between neighbouring base stations. Conversely, in addition to the expense value

reports the base stations can also add supplementary information contained in these
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reports, like preferred frequencies, interference and load status, which the control entity

can take into account when generating the interference control information.

In accordance with an embodiment of the invention, in case providing of the broadcast
or multicast service to the user equipments is performed in the second operation mode,
the operating expense values are determined by the base stations assuming that the
first operation mode is used for providing of the broadcast or multicast service to the
user equipments. In general for the case where more than two operation modes are
available, the operating expense values are determined by the base stations assuming
that any other than the second operation mode is used for providing of the broadcast or

multicast service to the user equipments.

In accordance with an embodiment of the invention, the first and/or the second
operation mode is characterized in that user equipment feedback messages are
received by a base station in response to transmitting data of the service to the user
equipments or that data of the service is transmitted to the user equipments and that at
least one user equipment response message is received by a base station in response

to transmitting a return information request to the user equipments.

Automatically receiving of user equipment feedback messages by the base station in
response to transmitting just the data of the service to the user equipments allows to
directly determine the transmission quality and therewith to control the transmission
power and the MCS of the base station. However, controlling of for example the MCS of
the base station is only possible, if the base station is currently providing the service in a
mode which allows for an autonomous adjustment of these parameters. The user
equipment feedback messages automatically transmitted from the user equipments to
the base station may be comprised in a feedback channel which can be used to adjust
said transmission power and the MCS. Thereby, receiving only ‘0’ on the feedback
channel is also regarded as a UE feedback message, even though such kind of ‘0’
might be the normal state of the channel bits which could for example be the case if all
data are properly received by the user equipments. In other words, such receiving of ‘0’
on the feedback channel does not necessarily require an active transmission of ‘0’ in
terms of an acknowledgement (ACK) signal from the user equipments to the base

stations. Nevertheless, if a user equipment has not received properly data transmitted to
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the user equipment, the user equipment may send a ‘1’ in terms of a non-

acknowledgement (NACK) to the base station.

It should be mentioned, that in the following it is assumed, that PTM-MC in the form of
MBSFN does not employ a feedback mechanism according to 3GPP TS 36.300 (third
generation partnership project; technical specification group radio access network;
evolved universal terrestrial radio access (E-UTRA) and evolved universal terrestrial
radio access network (E-UTRAN); overall description; stage 2 (release 8)), whereas

PTM-SC employs a feedback mechanism.

Since in PTM-SC transmission mode, user equipment feedback messages are
automatically received by the base station in response to transmitting just the data of
the service to the user equipments, the determined amount of radio resources used for
the transmission contains more information if transmitted to the control entity then
polling or counting would provide if just the polling or counting information would be
transmitted to the control entity. This is the case because the radio resource
consumption is not only a function of the number of users. For instance, a group of 10
user equipments right next to an eNodeB will consume much less radio resources than
the same group at the cell edge, while for polling or counting these two situations would

be equivalent.

The same argumentation holds for the PTM-MC transmission, or in general
transmission modes where in order to receive information about the number of users an
extra information request message has to be transmitted together with the data of the
service to the user equipments, wherein in response to transmitting the return
information request to the user equipments a respective user equipment response
message is received by the base station. In case of for example PTM-MC in the form of
MBSFN, due to the non existence of a feedback mechanism, the base station (eNodeB)
does not know if there actually are any users or how many users are in the cell unless
polling or counting is carried out. If polling or counting yields that at least one or more
users are in the cells, the base station can now send a non-negative value reflecting the

estimated radio resources used for the MBMS service.

In detail, the user equipment response message can be used in order to estimate an

updated operating expense value reflecting the radio resource necessary for continued
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transmission of the MBMS service to the user equipment — either using the present

operation mode or an updated, for example PTM-SC transmission mode.

Of course, the actual resource consumption of an PTM-MC transmission is well known
by the control entity because for PTM-MC transmission it configures the transmission
for all base stations, i.e. it instructs all base stations which frequencies and which time
slots and which modulation and coding the base stations shall apply. However, the
control entity is not able to know what the different base stations would do in an PTM-
SC-transmission, because in such a transmission mode the base stations can decide by
their own, which frequencies and time slots and which MCS to apply. Since this
configuration determines the operation expense of the transmission, a straightforward
way of the control entity to decide on the most suitable transmission mode is to
compare the operation expense for PTM-MC transmission (which it knows by itself) and

the estimated PTM-SC transmission operation expense reported from the base stations.

If in a cell a given MBMS service is not transmitted yet, the base station may
communicate to the control entity that there are no radio resources spent on the MBMS
service and the control entity further receives from the base station an estimate of
necessary radio resources required by the base station to provide said service to the

user equipments potentially interested in the MBMS service in the cell.

In another aspect, the invention relates to a method of transmitting an operation
expense value to a control entity, the operating expense value describing the amount of
radio resources per data volume required for providing a broadcast or a multicast
service from a base station to user equipments, the providing of the service being
performable using at least a first and a second operation mode. The method comprises
receiving a request signal from the control entity and determining the operating expense
value. Thereby, in case user equipment feedback messages are received in response
to transmitting data of the service to the user equipments, the determination of the
operating expense value is performed by analyzing the user equipment feedback
messages received in response to transmitting data of the service to the user
equipments. In case data of the service is transmitted to the user equipments and at
least one user equipment response message received in response to transmitting a
return information request to the user equipments, the determination of the operating

expense value is performed by analyzing the at least one user equipment response
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message received in response to transmitting the return information request to the user

equipments. Thereby, the determination of the operating expense value is performed by

an estimate of the resource consumption one would have when applying an operation

mode which would allow autonomous scheduling of the given service by the base

station itself. This estimate might for example be based on some knowledge of the

existence or number of interested numbers obtained by polling our counting.

In case no transmission of the service is performed, the determination of the operating
expense value is performed by transmitting a return information request to the user
equipments and analyzing at least one user equipment response message received in
response to transmitting the return information request to the user equipments.
Thereby, the determination of the operating expense value is also performed by an
estimate of the resource consumption one would have when applying an operation
mode which would allow autonomous scheduling of the given service by the base

station itself.

In the last step of the method, the determined operating expense value is transmitted to

the control entity.

Again, as already discussed above, receiving a request signal from the control entity
does not mean that the operating expense value is only determined and transmitted to
the control entity if such a request signal is received from the control entity. It is also
possible, that the request signal is only received once from the control entity and that
thereafter, the determination of the operating expense value and the transmitting of the
determined operating expense value is performed by the base station periodically and
the reporting is done if the expense values have changed (or according to any other
predefined scheme). This has the advantage, that the signaling between the base

station and the control entity is reduced.

The advantage of the method of transmitting the operating expense value to the control
entity is, that the control entity is enabled to determine much more accurately which
operation mode is more efficient in terms of used radio resources. This allows the
control entity to accurately estimate the efficiency of service transmission for example in
PTM-SC and PTM-MC mode and therewith to select the most efficient transmission

mode for an MBMS service.
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In accordance with an embodiment of the invention, in case user equipment feedback
messages are received in response to transmitting data of the service to the user
equipments, the user equipment feedback messages comprise hybrid automatic repeat
requests (HARQs) and/or channel quality indicators (CQlIs). In case data of the service
is transmitted to the user equipments and at least one user equipment response
message received in response to transmitting a return information request to the user
equipments, the return information request transmitted to the user equipments is a
counting or polling request and the at least one response message received in
response to transmitting said counting or polling request is a counting or polling
response. In case no transmission of the service is performed, the return information
request transmitted to the user equipments is a counting or polling request and the at
least one response message received in response to transmitting said counting or

polling request is a counting or polling response.

For example, in PTM-SC, the MBMS data is sent out to multiple users that send NACKs
if they were not able to decode the transmission block properly. Depending on the
HARQ feedback, the base station would dynamically adapt for example the modulation
and coding scheme (MCS). The base station could also dynamically adjust the
transmission power. Such a dynamic adaption of the MCS is also known as adaptive
modulation and coding (AMC). Since based on the HARQ feedback as well as for
example on the CQIl feedback the base station calculates and therewith knows the
amount of resources which are used for a given MBMS service, the operating expense
value can easily be measured in used resource blocks per data quantity and service in

both downlink and uplink direction as a measure of the efficiency of the transmission.

This number of used resources can be communicated to the control entity. Such control
entity may for example be an MBMS control entity (MCE). The control entity in turn
collects these values from all cells of a given cluster, calculates the average and
compares this value to the resources necessary for an MBSFN. Therewith, a major
advantage of this approach is that the number of used radio resources is a much more
straightforward parameter for determining the switching point between different
transmission modes. In contrast, a user density as parameter for determining the
switching point between various operation modes would only be a parameter which
would indirectly try to refer to the same quantity, the number of used resources.
Therewith, a highly accurate determination of the switching point for switching between

various operation modes is available.
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In summary, as long as there are interested users in a cell, their feedback (for example

HARQ, CQl) yields valuable information on the most suitable MCS. If for some reason

there are no interested users anymore, there will be no HARQ feedback at all. If this

situation persists for a defined data quantity the base station stops its transmission. This

allows the base station to detect that there are no users anymore much earlier than it

would be possible with periodic polling or counting.

In accordance with an embodiment of the invention, the method further comprises
transmitting the operating expense value to at least one further control entity. This is for
example necessary, if more than one control entity is responsible for controlling base
stations. Even though, each base station has one associated control entity, the situation
may occur that two base stations with neighboring cells have to transmit the same
MBMS service to user equipments, wherein however these base stations are
associated to different control entities. If in this example, two control entities know about
the used radio resource efficiency values of both two associated base stations, this
combined information can be used by the two control entities to form a new cell cluster.
This new cell cluster exhibits thereby cells served by both base stations. Providing of a
respective MBMS service to user equipments in said cells can therewith performed in a
coordinated manner in the same operation mode. This is especially important for PTM-
MC (in the present example the second operation mode) where participating cells have

synchronized MBMS content and therewith considerably reduced interference.

Therewith, by transmitting the operation expense value to at least one further control
entity, a dynamic build-up of clusters of cells served by multiple base stations can be
obtained over physical boundaries specified by control entities being responsible for

different base stations.

In another aspect, the invention relates to a control entity for a wireless
telecommunication network, the control entity being adapted for selecting between at
least a first and a second operation mode of providing a broadcast or multicast service
to user equipments, the control entity comprising means for transmitting a request
signal to a multitude of base stations, the base stations being adapted for providing the
service to the user equipments, means for receiving operating expense values in
response to the transmitted request signal from the base stations, the operating
expense values describing the amount of radio resources per data volume required for

providing the service from the base stations to the user equipments and means for
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selecting one of the at least two operation modes of providing the service by analyzing

the received operating expense values.

Thereby, the control entity which in MBMS is the ‘MBMS control entity, MCE’, can be a

separate controller, or it can be included in a base station.

In another aspect, the invention relates to a base station for a wireless
telecommunication network, the base station being adapted for transmitting an
operating expense value to a control entity, the operating expense value describing the
amount of radio resources per data volume required for providing a broadcast or
multicast service from the base station to user equipments, the base station comprising
means for providing a service to the user equipments using at least a first and a second
operation mode, means for receiving a request signal from the control entity, means for
transmitting data of the service to the user equipments, means for transmitting a return
information request to the user equipments, means for analyzing user equipment

feedback messages and/or means for analyzing user equipment response messages.

The base station further comprises means for determining the operating expense value.
Thereby, in case user equipment feedback messages are received in response to
transmitting data of the service to user equipments, the determination of the operating
expense value is performed by analyzing user equipment feedback messages received

in response to transmitting data of the service to user equipments.

In case the data of the service are transmitted and a return information request is
transmitted to the user equipments and at least one user equipment response message
is received in response to transmitting a return information request to the user
equipments, the determination of the operating expense value is performed by
analyzing the at least one user equipment response message received in response to

transmitting a return information request to the user equipments.

In case no transmission of the service is performed, the determination of the operating
expense value is performed by transmitting a return information request to the user
equipments and analyzing at least one user equipment response message received in

response to transmitting the return information request to the user equipments.

The base station further comprises means for transmitting the determined operating

expense value to the control entity.
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In another aspect, the invention relates to a computer program product comprising

computer executable instructions to perform the method of selecting between at least a

first and a second operation mode of providing a broadcast or multicast service to user

equipments in a wireless telecommunication network according to the invention.

In another aspect, the invention relates to a computer program product comprising
computer executable instructions to perform the method of transmitting an operating
expense value to a control entity, the operating expense value describing the amount of
radio resources per data volume required for providing a broadcast or multicast service
from a base station to user equipments, the providing of the service being performable
using at least a first and a second operation mode, the method comprising receiving a
request signal from the control entity and determining the operating expense value

according to the invention.
Brief description of the drawings

In the following preferred embodiments of the invention will be described in greater

detail by way of example only making reference to the drawings in which:
Figure 1 shows a block diagram of a wireless communication network,

Figure 2 shows a flow chart illustrating a method of selecting between operation

modes of providing a broadcast or multicast service to user equipments,

Figure 3 shows a flow chart illustrating a method of transmitting an operating

expense value to a control entity,
Figure 4 shows a further block diagram of a wireless communication network.
Detailed description

Fig. 1 shows a block diagram of a wireless communication network. The communication
network comprises a core network 100, a control entity 102 (MBMS control entity,
MCE), a base station 116 (eNodeB) and user equipments (UEs) 130. Thereby, the core
network 100 is responsible for switching and routing voice and data connections, while
the MCE 102 and the eNodeBs 116 are responsible to handle all radio related

functionalities.
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The MCE 102 comprises a processor 104 and a memory 106. The memory 106

comprises a module 108 comprising computer executable instructions executable by

the processor 104. The MCE 102 further comprises transmitting means 110, receiving

means 112 and selecting means 114.

The selecting means 114 allow the MCE to select between a first and a second

operation mode of providing a broadcast or multicast service to the UEs 130.

The eNodeB 116 comprises a processor 118 and a memory 124 comprising modules
126 and 128. Thereby, the modules 126 and 128 are computer program products
comprising computer executable instructions executable by the processor 118. The

eNodeB 116 further comprises transmitting means 120 and receiving means 122.

In a first scenario, regarding a given MBMS service, the wireless telecommunication
network is not yet performing a transmission of the service to UEs. Therefore, in order
to allow the wireless telecommunication network to decide on the most suitable
operation mode to transmit the upcoming MBMS service to the UEs 130, a criterion is
required for the MCE 102 to decide on the most suitable and most effective MBMS
service operation mode. For example, an operation mode might be a point-to-multipoint
single-cell (PTM-SC) transmission mode with full feedback (HARQ and CQl) and AMC
applied, but without any coordination with neighboring cells. Such a transmission mode
might be suitable in the present example of fig. 1, if for example only one of the
eNodeBs 116 serves respective UEs 130 which are interested in the given service,
whereas another eNodeB 116 does not possess any UEs 130 being interested in the
service. In this example, it is sufficient if the eNodeB 116 serving the interested UEs 130
will transmit the MBMS service to said UEs 130, whereas the other eNodeB 116

comprising no interested UEs 130 will not provide the MBMS service.

However, since the MCE 102 typically decides on which operation mode is the most
efficient operation mode in terms of used radio resources of the eNodeBs 116, the MCE
102 requires information about radio resources required to provide the MBMS service
from the eNodeBs 116 to the UEs 130. Thereby, the problem arises that in the present
example the eNodeBs 116 are not yet transmitting the service to the UEs 130. Thus, the
eNodeB 116 communicates to the MCE 102 an estimated radio efficiency which will be

presumably required to provide the service to the UEs 130.
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However, in order to perform such an estimation the eNodeB 116 requires information
about the number of UEs 130 interested in the service. The number of interested UEs
can be determined by transmitting a counting or polling request from the eNodeB 116
using the transmitting means 120. In response using the receiving means 122, at least
one response message is received in response to transmitting said counting or polling
request. The received user equipment polling or counting response is analyzed using
the module 128. The eNodeB 116 is now able using the module 126 to determine an
estimated amount of radio resources necessary to provide the MBMS service to the
interested UEs 130 by using the polling or counting response in combination with a

modulation and coding scheme which is assumed to provide the service to the UEs 130.

In case polling is used to find out whether there are any users interested in the service
at all and there actually are no users, the eNodeB 116 sends ‘0’ as used resources
value to the MCE 102. However, in case polling is used to check whether there are
interested users for an MBMS service that is not yet transmitted and there actually are
users interested in the service, the eNodeB 116 estimates the number of used
resources by assuming the modulation and coding scheme as follows: for example the
average channel quality of other services (if a channel quality feedback is available)
averaged over all users is taken and the best fitting modulation and coding scheme is
determined. With this modulation and coding scheme, the eNodeB 116 calculates the
number of resource blocks it would have to employ for a predefined volume of service
data. However, if a feedback mechanism is not available for any service or if there are
no users in the cell that would provide a respective feedback, for example 16-QAM with

code rate 1/2 is assumed to be the modulation and coding scheme.

The estimated amount of radio resources is then sent to the MCE 102 which is received
by the MCE 102 using the receiving means 112. The module 108 of the MCE 102
analyzes the responses of all eNodeBs 116 in the telecommunication network and by
using the selecting means 114, an appropriate operation mode for providing the MBMS

service to the UEs 130 is selected.

In the present example, since only one out of two eNodeBs 116 has UEs 130 interested
in said service, the selected operation mode is the point-to-point single-cell (PTM-SC)

transmission mode.

Now a second scenario of providing an MBMS service to UEs 130 is assumed, wherein

an MBMS service transmission is not yet in progress, but by the eNodeBs 116
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respective served UEs 130 are all interested in the given MBMS service. In this case,
using the above mentioned mechanisms, the MCE 102 receives respective quantities of
radio resources which would be required for each of the eNodeBs 116 to provide the
service to the respective UEs 130 served by the eNodeBs 116. Based on this
information regarding the amount of estimated usage of radio resources, using the
selecting means 114 the MCE 102 preferably now decides to switch the operation mode
of providing the MBMS service to the UEs 130 to a point-to-multipoint multi-cell
transmission mode (PTM-MC) in the form of an MBSFN where participating cells have

synchronized MBMS content and thereby considerably reduced interference.

In a third scenario, a transmission of an MBMS service to the UEs 130 may already be
in progress. In the present example, providing of said MBMS service to the UEs 130
may thereby be performed in an operation mode with PTM-SC transmission or in a
second operation mode with PTM-MC transmission. In order to enable the MCE 102 to
decide if the presently used operation mode is still suitable with respect to the used
radio resources of the eNodeBs 116 providing the UEs 130 with the MBMS service, the
MCE 102 transmits a request signal using the transmitting means 110 to the eNodeBs
116. The eNodeBs 116 receive that request signal and in response a determination of
the radio resources necessary for providing the service to the UEs is performed by the
eNodeBs 116.

In case of PTM-SC, since PTM-SC comprises an automated HARQ and channel quality
feedback (CQIl) mechanism and since the eNodeBs 116 possess the ability of
dynamically and autonomously adjusting the MCS etc., the determined presently used
radio resources correspond to the real actual radio resources used by the eNodeB 116.
Thereby, the quality feedback mechanism is used by the eNodeB to update and adjust
the MCS.

In case of PTM-MC, since PTM-MC comprises neither an automated HARQ nor a
channel quality feedback mechanism and since in PTM-MC the MCS is scheduled by
the MCE 102, the determined radio resources correspond to estimated radio resources
which would be used by the eNodeB 116 in case PTM-SC transmission would be
performed. Thereby, a polling or counting is performed by the eNodeB 114 in order to
determine a number of UEs interested in the given service, wherein said number of UEs
is then used for the estimation of the radio resources which would be required when

PTM-SC transmission would be used.
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The eNodeBs 116 then provide the quantity of used radio resources in ‘used resource
blocks per data quantity’ (data quantity or volume to be standardized) to the MCE 102.
Based on the received amount of radio resources spent by each eNodeB 116, the MCE
102 decides on either maintaining the presently used operation mode or switching to a
more efficient operation mode. Switching to a more efficient operation mode usually
also comprises changing of a modulation and coding scheme to a more appropriate
MCS, especially for PTM-MC where the modulation and coding scheme of participating
transmitting eNodeBs 116 is controlled by the MCE 102.

Fig. 2 shows a flow chart illustrating a method of selecting between operation modes of
providing a broadcast or multicast service to user equipments. In step 200, an MCE
transmits a request signal to a multitude of base stations, the base stations being
adapted for providing the broadcast or multicast service to user equipments. In step
202, operating expense values describing the amount of radio resources per data
volume required for providing a service from the base stations to the user equipments

are received in response to the transmitted request signal from the base stations.

In step 204, based on the received operating expense values, the MCE has to decide
on the most suitable operation mode of providing the broadcast or multicast service to
the user equipments. For example the most suitable operation mode is in step 204
decided to be PTM-SC or PTM-MC and the MCE determines in step 206 if the
transmission of the broadcast or multicast service to the user equipments is already in
progress. If step 206 returns that transmission is not yet in progress, in step 208 the
transmission is initiated. Thereby, transmission initiation has to be understood as at
least providing a respective command indicating the operation mode (PTM-SC/PTM-
MC) to be used by the base stations. The transmission initiation command may also
comprise a start command which especially in the case of PTM-MC starts a

synchronized transmission of the broadcast or multicast service to the user equipments.

If step 206 returns that there is already a transmission in progress, in step 210 this
transmission is continued, however with the updated operation mode selected in step
204. Thereby, update of the operation mode may also comprise a change in the
modulation and coding scheme, or it may comprise a complete change from for
example PTM-SC to PTM-MC.

In case step 204 returns that no transmission of the MBMS service has to be performed

because of no interested user equipments, the MCE in step 204 may select the PTM-
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SC transmission mode since this mode allows the base stations to select by themselves

the most efficient transmission in terms of MCS, radio resources, timeslots etc. Of

course, in the present example of no interested user equipments, as a result the

transmission then selected by the base stations is ‘no transmission of the service’.

Either after steps 208 or 210, the MCE in step 214 determines if the system is
configured to receive periodically operating expense values from the base stations. If
the MCE is configured to receive periodically updated operating expense values, no
further request signal has to be transmitted (like in step 200) to the base stations,
because the base stations periodically update the used operating expense values and
transmit these updated operating expense values to the MCE. Therewith in this case,
after step 214 the MCE can continue the procedure by directly repeating the procedure
of fig. 2 starting in step 202. However, if operating expense values are not periodically
received from the base stations, after step 214 the procedure of fig. 2 is repeated

starting with step 200.

Fig 3 shows a flow chart illustrating a method of transmitting an operating expense
value to a control entity. Thereby, the control entity is for example an MCE. In step 300,
a base station receives a request signal from an MCE, the request signal instructing the
base station to determine an operation expense value describing the amount of radio
resources per data volume required for providing a broadcast or multicast service from

the base station to use equipments.

In step 302, the base station determines the actually used operation mode. In case step
302 returns that there is actually no PTM-SC transmission occurring which means that
no transmission is occurring yet or the operation mode is PTM-MC, in step 304 a
counting or polling request is send to the user equipments. In return in step 306 the
base station then receives at least one response message. Using this response
message, in step 314 an operating expense value in terms of used resource blocks per
data quantity for providing the service to the user equipments is determined by the base
station. Thereby, such a determination using the response message is a hypothetical
estimation of the operation expense value in case PTM-SC transmission would be

performed.

As already mentioned above, in case no transmission is performed actually, the
determined operation expense value in step 314 is an estimated value based on a
standardized MCS.
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If step 302 returns that the actual operation mode is PTM-SC, the modulation and

coding scheme might be adjusted in step 312 based on HARQ and CQl received before

in step 310. Also based on the in step 312 adjusted MCS, in step 314 the actually used

amount of resource blocks per data quantity is determined.

Therewith, the main difference between the left branch in fig. 3 including the steps 304-
306 and the right branch in fig. 3 including the steps 310 and 312 is, that in the left
branch no PTM-SC transmission is performed which means that a scheduling of the
transmission in the left branch is performed by the control entity, whereas in the right
branch a PTM_SC transmission is performed which means that a scheduling of the
transmission in the right branch is performed by the base station itself. As a
consequence, in the left branch resource blocks per data quantity are estimated for a
hypothetical application of PTM-SC transmission for providing the service, whereas in

the right branch the real actually used resource blocks per data quantity are used.

In both cases, the operating expense values are determined by the base station in step
314. The determined operating expense values are then transmitted to the MCE in step
316. In step 318, respective transmission mode information is received from the MCE
by the base station and based on that transmission mode information in step 320 the
base station adjusts the transmission mode for providing the broadcast or multicast

service to the user equipments.

Depending if step 322 returns that the transmission of the broadcast or multicast service
to the user equipments is already in progress or not, in step 324 the transmission is
initiated or in step 326 the transmission is continued. For both cases in step 324 and
step 326, the new adjusted transmission modes from step 320 are used. Finally in step
328 the base station has to decide if it is configured for periodic, on demand or on event
triggered transmission of operating expense values. Such a configuration might be
received by the MCE which may for example request a periodic transmission of

operating expense values.

In case the base station is configured for periodic transmission of operating expense
values, no further receiving of request signals from the MCE (like in step 300) are
required and after step 328 the procedure of fig. 3 is repeated starting in the step 302.
Therewith, the base station periodically sends updated information about determined
operating expense values to the MCE. However, if step 328 returns that the base

station is not configured for periodic or event triggered transmission of operating
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expense values, the procedure depicted in fig. 3 is repeated starting from step 300.

Therewith, only operating expense values are determined and transmitted to the MCE in

return to receiving a request signal in step 300.

Fig. 4 shows a further block diagram of a wireless communication network. The wireless
communication network in fig. 4 comprises two MCEs 400 and 402, a core network 100
and two eNodeBs 404 and 406. Thereby, the eNodeB 404 serves two cells 408 and 410
and the eNodeB 406 serves two cells 412 and 414. Each of the cells 408, 410, 412 and

414 comprises a multitude of user equipments 130.

The eNodeB 404 is assigned to the MCE 400 and the eNodeB 406 is assigned to the
MCE 402.

In case the MCEs 400 and 402 are not adapted to communicate with each other, each
MCE would control its respectively assigned eNodeBs. In the example of fig. 4 this
would mean, that the MCE 400 only controls the eNodeB 404 and that the MCE 402
only controls the eNodeB 406. Therewith, for transmitting the same MBMS service data
to user equipments 130 in the cells 410 and 412 it may occur that eNodeB 404 and
eNodeB 406 independently of each other provide said same service in PTM-SC
transmission mode. The reason for using PTM-SC transmission mode for the eNodeB
404 and the eNodeB 406 might be for example, that in the cells 408 and 414 no user

equipments 130 are present which are interested in said MBMS service.

In an embodiment of the invention it is now possible that the MCEs 400 and 402 are
adapted to communicate with each other. Such a communication can be performed via
the core network 100 or directly in between the MCE 400 and the MCE 402.
Alternatively, the eNodeBs 404 and 406 are both adapted to communicate with the
MCE 400 and the MCE 402. This enables the MCEs 400 and 402 to decide on which
transmission mode to use based on used radio resource efficiency values received from
both base stations 404 and 406. If the MCEs 400 and 402 would decide on for example
PTM-MC transmission, this either requires identical algorithms for scheduling the data
to be transmitted, or this requires that both MCEs need to agree on the scheduling of

the data to be transmitted.

In the present example since in cell 410 and 412 user equipments which are interested
in the same MBMS service, this leads to the decision of the MCEs 400 and 402 that a

transmission of the MBMS service to the cells 410 and 412 in PTM-MC transmission
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mode is more efficient than an PTM-SC transmission, since the cells 410 and 412 are

neighboring cells and therewith in PTM-MC transmission mode interferences between

the eNodeBs 404 and 406 can be reduced. Therewith, due to the coordination between

the MCEs 400 and 402, as well as the eNodeBs 404 and 406, a new cluster 416 can be

built-up comprising the cells 410 and 412.

in order to summarize this idea, instead of the eNodeBs 404 and 406 providing
independently of each other the same MBMS service data to the user equipments 130
in PTM-SC transmission mode, a new cluster comprising cells 410 and 412 can be built-
up and used for PTM-MC transmission of the MBMS data to the user equipments

comprised in the cluster 416.

Depending on the capabilities of the eNodeB 404, the eNodeB may either provide the
same MBMS service data in the cells 408 and 410 in the same transmission mode
which was decided by the MCEs 400 and 402 for the cell cluster 416. Or the eNodeB
404 may provide the same MBMS service data in the cell 410 in the transmission mode
decided by the MCEs 400 and 402 for the cell cluster 416 and independently in a
transmission mode separately decided and selected by the MCE 400 for the cell 408.
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Claims

1. A method of selecting by a control entity between at least a first and a second
operation mode of providing a broadcast or multicast service to user equipments
(UEs) in a wireless telecommunication network, the method comprising:

— transmitting a request signal from the control entity to a plurality of base
stations, the base stations being adapted for providing the service to the
user equipments,

— receiving operating expense values by the control entity in response to the
transmitted request signal from the base stations, the operating expense
values describing the amount of radio resources per data volume required
for providing the service from the base stations to the user equipments,

— selecting by the control entity one of the at least two operation modes of

providing the service by analyzing the received operating expense values.

2. The method of any of the previous claims, wherein the
— first operation mode is characterized in that the providing of the service
from the base stations to the user equipments is scheduled autonomously
by the base stations,
— the second operation mode is characterized in that the providing of the
service from the base stations to the user equipments is scheduled by the
control entity.

3. The method of claim 1 or 2, wherein in case providing of the broadcast or
multicast service to the user equipments is performed in the second operation
mode, the operating expense values are determined by the base stations
assuming that the first operation mode is used for providing of the broadcast or

multicast service to the user equipments.

4. The method of any of the previous claims, wherein the first and/or the second
operation mode is characterized in that
— user equipment feedback messages are received by a base station in
response to transmitting data of the service to the user equipments, or

alternatively
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data of the service is transmitted to the user equipments and that at least
one user equipment response message is received by a base station in
response to transmitting a return information request to the user

equipments.

5. A method of transmitting an operating expense value from a base station to a

control entity, the operating expense value describing the amount of radio

resources per data volume required for providing a broadcast or multicast service

from a base station to user equipments (UEs), the providing of the service being

performable using at least a first and a second operation mode, the method

comprising receiving a request signal from the control entity and determining the

operating expense value,

wherein the determination of the operating expense value is performed by
analyzing user equipment feedback messages received in response to
transmitting data of the service to the user equipments, and/or

wherein the determination of the operating expense value is performed by
transmitting data of the service and a return information request to the
user equipments and analyzing at least one user equipment response
message received in response to transmitting the return information
request to the user equipments, and/or

wherein in case no transmission of the service is performed, the
determination of the operating expense value is performed by transmitting
a return information request to the user equipments and analyzing at least
one user equipment response message received in response o

transmitting the return information request to the user equipments,

and transmitting the determined operating expense value to the control entity.

6. The method of claim 5,

wherein the user equipment feedback messages comprise hybrid
automatic repeat requests (HARQs) and/or channel quality indicators
(CQls), and/or

wherein the return information request transmitted to the user equipments

is a counting or polling request and the at least one response message
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received in response to transmitting said counting or polling request is a
counting or polling response, and/or
— wherein in case no transmission of the service is performed, the return

information request transmitted to the user equipments is a counting or
polling request and the at least one response message received in
response to transmitting said counting or polling request is a counting or

polling response.

7. The method of any of the previous claims 5 to 6, further comprising transmitting

the operating expense value to at least one further control entity.

8. A control entity for a wireless telecommunication network, the control entity being
adapted for selecting between at least a first and a second operation mode of
providing a broadcast or multicast service to user equipments (UEs), the control
entity comprising:

— means for transmitting a request signal to a multitude of base stations, the
base stations being adapted for providing the service to the user
equipments,

— means for receiving operating expense values in response to the
transmitted request signal from the base stations, the operating expense
values describing the amount of radio resources per data volume required
for providing the service from the base stations to the user equipments,

— means for selecting one of the at least two operation modes of providing

the service by analyzing the received operating expense values.

9. A base station for a wireless telecommunication network, the base station being
adapted for transmitting an operating expense value to a control entity, the
operating expense value describing the amount of radio resources per data
volume required for providing a broadcast or multicast service from the base
station to user equipments (UESs), the base station comprising

— means for providing the service to the user equipments using at least a
first and a second operation mode,
— means for receiving a request signal from the control entity,

— means for transmitting data of the service to the user equipments,
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— means for transmitting a return information request to the user

equipments,

— means for analyzing user equipment feedback messages and/or means

for analyzing user equipment response messages, and

— means for determining the operating expense value,

wherein the determination of the operating expense value is
performed by analyzing user equipment feedback messages
received in response to transmitting data of the service to the user
equipments, and/or

wherein the determination of the operating expense value is
performed by transmitting data of the service and a return
information request to the user equipments and analyzing at least
one user equipment response message received in response to
transmitting a return information request to the user equipments,
and/or

wherein in case no transmission of the service is performed, the
determination of the operating expense value is performed by
transmitting a return information request to the user equipments
and analyzing at least one user equipment response message
received in response to transmitting the return information request

to the user equipments,

— and means for transmitting the determined operating expense value to the

control entity.

10.A computer program product comprising computer executable instructions to

perform any of the method steps 1 to 4 or to perform any of the method steps 5

to 7.
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