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cellular telecommunication network, the power of the radio signals transterred by
mobile terminals served by plural nodes, characterised in that the method comprises
the steps executed by a server which is in charge of the nodes of -checking if a mes -
sage is received from one of the nodes, the message being representative of the oc-
currence of an event in the cell of the node which transferred the message, -adjusting
a common parameter value for the nodes according to the reception or not of the
message, -transferring to each node the adjusted common parameter value or inform-
ation derived from the adjusted common parameter value.
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Method for setting, in a wireless cellular telecommunication network, the power of

uplink radio signals.

The present invention relates generally to a method and a device for setting the
power of the signals transferred by mobile terminals served by the node.

Wireless cellular telecommunication networks are largely deployed but there are
still some areas not covered by the base stations of the wireless cellular
telecommunication network. The base stations are deployed by an operator according
to a given planning.

For example, the access to the wireless cellular telecommunication network
might not be possible or might require a too high transmission power or a too low
spectral efficiency, i.e. too many system resources for a mobile terminal located in a
building, if the signals radiated by the base stations and/or by the mobile terminal are
too attenuated.

Solutions are proposed today. Particular base stations which are not necessarily
deployed by the operator and thus not following a given planning, like femto base

stations or pico base stations or relays named hereinafter home base stations, are
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largely deployed and may provide coverage areas within the buildings and base station
offload. Relays may also provide outdoor coverage extension.

Base stations and home base stations are nodes of the wireless cellular
telecommunication network.

The home base stations may enable a limited number of mobile terminals to
access the wireless cellular telecommunication network through their respective
resources. The mobile terminals allowed to access the resources of the network
through a home base station may be determined by the owner of the home base
station, the network or a combination of both.

The owner must be understood here in the general sense: the owner may only be
the main user of the home base station, the owner may be the person who rents the
home base station or the owner may be the person who accommodates the home base
station in his house or office.

For example, only mobile terminals of the owner of the home base station and
his family can access the wireless cellular telecommunication network through the
home base station. These mobile terminals are associated with the home base station.

Such massive deployment of home base stations increases the interference
generated by mobile terminals served by home base stations or base stations on uplink
signals transferred by mobile terminals served by neighbouring base stations or home
base stations.

The patent application US 2010/0195619 discloses a method and device for
adjusting the transmission power of signals.

The patent application US 2008/188260 discloses a method and device for
uplink power control in a communication system.

The present invention aims at reducing the interference generated by mobile
terminals served by home base stations or base stations on uplink signals transferred
by mobile terminals served by neighbouring base stations or home base stations while
guaranteeing a minimal quality of service to mobile terminals.

The present invention concerns a method for setting, in a wireless cellular
telecommunication network, the power of the radio signals transferred by mobile
terminals served by plural nodes, characterised in that the method comprises the steps

executed by a server which is in charge of the nodes of :
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- checking if a message is received from one of the nodes, the message being
representative of the occurrence of an event in the cell of the node which transferred
the message,

- adjusting a common parameter value for the nodes according to the reception
or not of the message,

- transferring to each node the adjusted common parameter value or information
derived from the adjusted common parameter value.

The present invention concerns also a device for setting, in a wireless cellular
telecommunication network, the power of the radio signals transferred by mobile
terminals served by plural nodes, characterised in that the device is included in a
server which is in charge of the nodes and comprises:

- means for checking if a message is received from one of the nodes, the
message being representative of the occurrence of an event in the cell of the node
which transferred the message,

- means for adjusting a common parameter value for the nodes according to the
reception or not of the message,

- means for transferring to each node the adjusted common parameter value or
information derived from the adjusted common parameter value.

Thus, the transmit power of the mobile terminals is set according to the
interference they generate and suffer to and from mobile terminals of neighboring
nodes, which improves the overall system performance.

According to a particular feature, an event is a hand over of a mobile terminal
served by the node which sends the message or a modification of the uplink path gain
between a mobile terminal and the node which sends the message or a modification of
the signal to interference plus noise ratio of a mobile terminal served by the node
which sends the message or a modification of the location of a mobile terminal served
by the node which sends the message, or the switching ON or OFF of a mobile
terminal served by the node which sends the message or a modification of the
throughput needed of a mobile terminal served by the node which sends the message.

Thus, the server adapts the common parameter to the system configuration
changes.

According to a particular feature, if the server transfers to each node the

adjusted common parameter value, each node:



WO 2012/123396 PCT/EP2012/054243

10

15

20

25

30

- determines, at least from the common parameter value, a power correction of
the radio signals transferred by one group of mobile terminals served by the node,

- transfers the power correction to the mobile terminals of the group of mobile
terminals.

Thus, the power setting is optimized in a distributed fashion, coordinated by the
server and adapted to the system configuration changes.

According to a particular feature, the group of mobile terminals comprises all
the mobile terminals served by the node.

Thus, the amount of exchanges between nodes is reduced.

According to a particular feature, at least one node forms plural groups of
mobile terminals and the node :

- determines, at least from the common parameter value and for each group of
mobile terminals, a power correction of the radio signals transferred by one group of
mobile terminals of the group of mobile terminals,

- transfers, to each mobile terminal of each group of mobile terminals, the power
correction determined for the group of mobile terminals the mobile terminal belongs
to.

Thus, the power setting is adapted to each group of mobile terminals and shows
better performance.

According to a particular feature, each node :

- determines another cell specific parameter which is dependent of cell specific
parameters received from the other nodes,

- transfers the other cell specific parameter to the other nodes.

Thus, the exchanged parameter can be broadcasted which does not require a
specific node-to-node communication link.

According to a particular feature, each node:

- receives another parameter from each other node, the other parameter being
determined by the other node for the node,

- transfers to other nodes another parameter, the other parameter being
determined by the node for the other node.

Thus, the performance of the power setting is improved.

According to a particular feature, if the server transfers to each node information
derived from the adjusted common parameter value, one information derived from the

adjusted common parameter value determined for each node which is a power
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correction of the radio signals transferred by one group of mobile terminals served by
the node to which the information is transferred.

Thus, the power setting is performed by the server, and the system performance
is improved.

According to a particular feature, the server receives from each node a vector
describing the lowest received power from the mobile terminals of the node Ndi and
the highest interfering power from mobile terminals of the neighbouring nodes of said
node and each power correction is determined according to the received vectors.

Thus, the number of parameters exchanged with the server is limited and the
worst case performance for each node is improved.

According to still another aspect, the present invention concerns computer
programs which can be directly loadable into a programmable device, comprising
instructions or portions of code for implementing the steps of the method according to
the invention, when said computer programs are executed on a programmable device.

The present invention also concerns an information storage means, storing a
computer program comprising a set of instructions that can be run by a processor for
implementing the aforementioned method in any one of its various embodiments,
when the stored information is read by a computer and run by a processor.

Since the features and advantages relating to the computer programs are the
same as those set out above related to the method and device according to the
invention, they will not be repeated here.

The characteristics of the invention will emerge more clearly from a reading of
the following description of an example embodiment, the said description being
produced with reference to the accompanying drawings, among which :

Fig. 1 represents a wireless cellular telecommunication network in which the
present invention is implemented;

Fig. 2 is a diagram representing the architecture of a node in which the present
invention is implemented ;

Fig. 3 is a diagram representing the architecture of a server in which the present
invention is implemented ;

Fig. 4 discloses a first algorithm executed by the server for uplink signal
transmit power adjustment according to a first mode of realization of the present

invention ;
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Fig. 5a discloses a first algorithm executed by each node for uplink signal
transmit power adjustment according to the first mode of realization of the present
invention ;

Fig. 5b discloses a second algorithm executed by each node for uplink signal
transmit power adjustment according to a variant of the first mode of realization of the
present invention ;

Fig. 6 discloses a second algorithm executed by the server for uplink signal
transmit power adjustment according to a second mode of realization of the present
invention ;

Fig. 7 discloses a third algorithm executed by each node for uplink signal
transmit power adjustment according to the second mode of realization of the present

invention.

Fig. 1 represents a wireless cellular telecommunication network in which the
present invention is implemented.

In Fig. 1, five nodes Nd1, Nd2, Nd3, Nd4 and Nd5 of a wireless cellular
telecommunication network are shown.

Only five nodes Nd1 to Nd5 are shown but we can understand that the present
invention works when a more or less important number of nodes Nd exist.

The nodes Nd are linked by a backbone network which may be, for example a
DSL (Digital Subscriber Line) network or an ISDN (Integrated Services Digital
Network).

The nodes Nd1 to Nd5 are nodes of the wireless cellular telecommunication
network which serve mobile terminals MT located in their respective cells CEBH1 to
CEHBS.

The node Nd1 serves the mobile terminal MT;;, the node Nd4 serves the mobile
terminals MT4; and MT4; and the node Nd3 serves the mobile terminals MTs; and
MT3;.

Only five mobile terminals MTy;, MTs;, MTs, MT;3; and MTs;, are shown in
Fig. 1 for the sake of clarity but we can understand that the present invention works
when a more or less important number of mobile terminals exist.

As already stated, the nodes Nd1 to Nd5 are named also base stations, femto

base stations or pico base stations or relays.
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For example, a relay is a node Nd which is connected to the wireless cellular
telecommunication network via a wireless link with a base station, not shown in Fig.
1, of the wireless cellular telecommunication network.

Each node Nd1 to NdS5, when the node is a home base station, may be located
into home and may enable mobile terminals MT associated to the concerned node Nd
to access the wireless cellular telecommunication network.

For example, a node Nd, when the node is a home base station, and a mobile
terminal MT are associated when the node Nd belongs to the owner of the mobile
terminal MT or when the node Nd belongs to the family or friends of the owner of the
mobile terminal MT.

When a mobile terminal MT is served by a node Nd, it can receive or establish
or continue a communication with a remote telecommunication device through the
node Nd.

The node Nd1 is able to receive signals transferred by the mobile terminal MTj;
which is located in the area or cell CEHB1. The node Nd1 transfers signals which can
be received and processed by the mobile terminal MT); located in the cell CEHBI.

The node Nd3 is able to receive signals transferred by mobile terminals MTjs;
and MT3;, which are located in the area or cell CEHB3. The node Nd3 transfers signals
which can be received and processed by mobile terminals MTs; and MTs; located in
the cell CEHB3.

The node Nd4 is able to receive signals transferred by mobile terminals MTy;
and MT4, which are located in the area or cell CEHB4. The node Nd4 transfers signals
which can be received and processed by mobile terminals MT4; and MT4, located in
the cell CEHB4.

The mobile terminal MTy; transfers signals which interfere much more on
signals transferred by the mobile terminals MT3; and MT;, than the signals transferred
by the mobile terminal MT,, on signals transferred by the mobile terminals MT3; and
MT3;.

The mobile terminal MT,, transfers signals which interfere much more on
signals transferred by the mobile terminal MT;; than the signals transferred by the
mobile terminal MT4; on signals transferred by the mobile terminal MTy;.

In the example of Fig. 1, each node Nd1 to Nd5 has only one cell CEHBI1 to
CEHBS. The present invention is also applicable when at least one node Nd has plural

cells.
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The server Serv manages the radio transmission power of the mobile terminals
MT served by the nodes Nd1 to Nd5 which the server Serv is in charge of.

According to the invention, the server Serv:

- checks if a message is received from one of the nodes, the message being
representative of the occurrence of an event in the cell of the node which transferred
the message,

- adjusts a common parameter value for the nodes according to the reception or
not of the message,

- transfers to each node the adjusted common parameter value or information
derived from the adjusted common parameter value.

Fig. 2 is a diagram representing the architecture of a node in which the present
invention is implemented.

The node Nd has, for example, an architecture based on components connected
together by a bus 201 and a processor 200 controlled by the programs as disclosed in
Figs. 5a, Sband 7.

The bus 201 links the processor 200 to a read only memory ROM 202, a random
access memory RAM 203, a wireless interface 205. The bus 201 may link the
processor 200 to a network interface 206.

The memory 203 contains registers intended to receive variables and the
instructions of the program related to the algorithms as disclosed in Figs. 5a, 5b and 7
together with a table linking neighbouring node identifiers and parameter values
received from said neighbouring nodes.

The processor 200 controls the operation of the network interface 206 and may
control the operation of the wireless interface 205.

The read only memory 202 contains instructions of the programs related to the
algorithms as disclosed in Figs. Sa, 5b and 7, which are transferred, when the node Nd
is powered on, to the random access memory 203.

The node Nd may be connected to a backbone network through the network
interface 206. For example, the network interface 206 is a DSL modem, or an ISDN
interface, etc. Through the network interface 206, the node Nd may transfer messages
to the core network of the wireless cellular telecommunication network or transfers or
receives parameter values to neighbouring nodes Nd.

The wireless interface 205 comprises means for receiving uplink signals

according to the transmission power set according to the present invention.
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The wireless interface 205 may comprise means for transferring parameters
values according to the present invention.

The function of the network interface 206 may be executed by the wireless
interface 205, for example when the node Nd acts as a relay.

The wireless interface 205 and the network interface 206 are the resources of the
node Nd used by a mobile terminal MT in order to access to the wireless cellular
telecommunication network when the mobile terminal MT establishes or receives a
communication with a remote telecommunication device.

Fig. 3 is a diagram representing the architecture of a server in which the present
invention is implemented.

The server Serv has, for example, an architecture based on components
connected together by a bus 301 and a processor 300 controlled by the programs as
disclosed in Figs. 4 and 6.

The bus 301 links the processor 300 to a read only memory ROM 302, a random
access memory RAM 303 and a network interface 306.

The memory 303 contains registers intended to receive variables and the
instructions of the programs related to the algorithms as disclosed in Figs. 4 and 6.

The processor 300 controls the operation of the network interface 306.

The read only memory 302 contains instructions of the programs related to the
algorithms as disclosed in Figs. 4 and 6, which are transferred, when the server Serv is
powered on, to the random access memory 403.

The server Serv is connected to the telecommunication network through the
network interface 306. For example, the network interface 306 is a DSL (Digital
Subscriber Line) modem, or an ISDN (Integrated Services Digital Network) interface,
etc. Through the network interface 306, the server Serv may transfer messages to the
core network and/or nodes of the wireless cellular telecommunication network.

The server Serv may be included in a base station. In that case, the bus 301 links
also a wireless interface 305.

Any and all steps of the algorithms described hereinafter with regard to Figs. 5
to 7 may be implemented in software by execution of a set of instructions or program
by a programmable computing machine, such as a PC (Personal Computer), a DSP
(Digital Signal Processor) or a microcontroller; or else implemented in hardware by a
machine or a dedicated component, such as an FPGA (Field-Programmable Gate
Array) or an ASIC (Application-Specific Integrated Circuit).
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Fig. 4 discloses a first algorithm executed by the server for uplink signal
transmit power adjustment according to a first mode of realization of the present
invention.

More precisely, the present algorithm is executed by the processor 300 of the
server Serv.

At step S400, the processor 300 reads into the ROM memory an initial common
parameter t value to be used for determining the transmission power of signals
transferred by mobile terminals served by the nodes which the server Serv is in charge
of.

For example the initial common parameter t value is set to a low value, for
example at less than twenty of the maximal value the common parameter t can take.

At next step 5401, the processor 300 checks if a message representative of an
event is received from one node Nd, which the server Serv is in charge of.

An event is for example a change of the status of one mobile terminal served by
a node which the server Serv is in charge of, or a change of the most interfering power
B, . -as described hereinafter.

The status may be a hand over of a mobile terminal MT or a modification of the
uplink path gain between a mobile terminal MT and its serving node or a modification
of the signal to interference plus noise ratio of a mobile terminal MT or a modification
of the location of a mobile terminal MT, or the switching ON or OFF of a mobile
terminal MT or a modification of the throughput needed of a mobile terminal MT.

If a message representative of an event is received, the processor 300 moves to
step S402. Otherwise, the processor 300 moves to step S403.

At step S402, the processor 300 sets the common parameter t value to a
predetermined value. For example the common parameter t value is set to a low value,
for example at less than twenty percent of the maximal value the common parameter t
value can take or to null value or to the initial value of the common parameter t.

After that, the processor 300 moves to step S404.

At step S403, the processor 300 increases the common parameter t value, for
example by ten percent of the previous common parameter t value.

At next step S404, the processor 300 commands the transfer, to each node Nd
which the server Serv is in charge of, of the adjusted common parameter t value to be
used for determining the transmission power of signals transferred by mobile
terminals MT served by the nodes Nd.
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Fig. S5a discloses a first algorithm executed by each node for uplink signal
transmit power adjustment according to the first mode of realization of the present
invention.

More precisely, the present algorithm is executed by the processor 200 of each
node Nd which the server Serv is in charge of.

At the beginning of the present algorithm, the processor 200 of each node Nd
sets each mobile terminal MT;j; to a reference transmit power where i denotes the
index of the node Ndi and 1 denotes the index of the mobile terminal MT;, served by

the node Ndi.

The node Ndi then receives a power ., from the 1-th mobile terminal of the

il
neighbouring node Ndj.

At step S500, the processor 200 checks if an event occurs for one mobile
terminal MT;; the node Ndi serves.

An event is for example a change of the status of one mobile terminal MTj; the
node Ndi serves.

The status may be a hand over of a mobile terminal MT;; or a modification of
the uplink path gain between a mobile terminal MT;; and the node Ndi or a
modification of the signal to interference plus noise ratio of a mobile terminal MT;; or
a modification of the location of a mobile terminal MTj, or the switching ON or OFF
of a mobile terminal MT;; or a modification of the throughput need of a mobile
terminal MT;.

If an event occurs, the processor 200 moves to step S501. Otherwise, the
processor 200 moves to step S502.

At step S501, the processor 200 commands the transfer of a message to the
server Serv through the network interface 206. The message notifies the server Serv
that an event occurs.

After that, the processor 200 moves to step S502.

At step S502, the processor 200 detects the reception, through the network
interface 206 of the common parameter t value to be used for determining the
transmission power of signals transferred by mobile terminals MT;; served by the
node Ndi.

At next step S503, the node Ndi obtains uplink and/or downlink parameters

related to measurements of the mobile terminals MT of its cell or neighbouring cells.
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Received parameters are for example uplink received powers b, 5, ,; at the node

Ndi from each mobile terminal Mt;; served by a neighbouring node Ndj, where 1
denotes the index of the 1-th mobile terminal MT;; served by the node Ndj when a

power correction b; is applied at node Ndj.

Received parameters are for example the power £.,, with no power correction.

3l
Equivalently, we denote «,; the path gain observed between the node Ndi and the
mobile terminal Mt;; served by a neighbouring node Ndj, and which is measured in
downlink by the mobile terminal Mt;; or in uplink by the node Ndi.

Furthermore, the processor 200 detects the reception, through the network
interface 206 and/or through the wireless interface 205 of other parameters from at
least a part of the nodes Nd of which the server Serv is in charge or obtains parameters
related to uplink parameters for mobile terminals MT;; the node Ndi serves.

For example, the processor 200 detects the reception of parameters from the
neighbouring nodes Ndj of the node Ndi.

Received parameters are for example uplink received powers bj ﬁj,l,i or B Qi if
the node Ndi is not able to make the measurements by itself. In that case, these
parameters can be evaluated at neighbouring node Ndj from the path gain measured in
the downlink from the node Ndi to the 1-th mobile terminal MT;, served by the node
Ndj. The considered parameters can also be stored at the nodes, so as to apply the
invention on a long term basis.

The parameter b; is a power correction applied to a subset of mobile terminals
MT;, served by the node Ndj. The subset of mobile terminals MT;; is selected from

the highest interfering mobile terminals MT;;, i.e. the ones with highest received
power 3, to the neighbouring nodes Ndi.

The processor 200 determines the power b, 3, ,; which is the power received in

uplink by the node Ndi from the u-th mobile terminal MT;, served by the j-th node
Ndj, which generates the most interference on the uplink at the node Ndi.

The processor 200 determines the power b, g, ., received in uplink by the node
Ndi from the v-th mobile terminal MT;, served by the node Ndi, which is received
with the lowest power on the uplink at the node Ndi.

According to a first example of realization of the first mode of realization of the

present invention, the parameters received from the neighbouring node Ndj are the
uplink power corrections b; and a cell specific parameter A, which will be disclosed

herein after.
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According to a second example of realisation of the first mode of realization of

the present invention, the parameter received from the neighbouring node Ndj are the
uplink power corrections b; and parameters ¢, (x ) determined by each neighbouring

node Ndj for the node Ndi which will be disclosed herein after. Parameters ¢, (x;)

are more precisely parameter functions.
It has to be noted here that when S

Ndj, the S

is provided to the node Ndi by the node

jui
1.4 Teception occurs far less frequently than the /ijD and b; exchange.

At next step S504, the processor 200 optimises the transmission power of
signals transferred by the mobile terminals MT;, the node Ndi serves.

The transmission power of signals transferred by the mobile terminals MT;; the
node Ndi serves is modified by computing a new uplink correction parameter b;.

According to a first example of realization of the first mode of realization, the
uplink power correction b; is for example determined by computing the optimization
of the Gjp based on its neighbouring nodes, i.e.

Gp =Y b +b,

keQy

The minimization is done under a constraint of coverage in uplink, expressed by
a minimal tolerated value y. of the worst uplink SINR experienced by the mobile

terminal MT;,, served by the node Ndji, i.e.,
ﬂi,v,ibi

Z bjﬂjm +N

jey

For the uplink channels, in order to process the optimization, the present

invention uses preferably the log barrier method as follows. The node Ndi computes
the parameter Aip as a function of the received parameters );D and the common

parameter t previously received.
_ lu .
Ao t+z A =t ) B
jey ﬂj,v,j jey
and
A }/j
ﬁ’jD = ﬁ’jD
By
Then, the node Ndi computes its updated power correction as a function of the
obtained power uplink power corrections b, and f,

]u1‘
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b, :%"‘L[ijﬂj,u,i +N0j

iD ﬂi,v,i iey

where y; is the minimal signal interference plus noise ratio (SINR) threshold that
can be tolerated in the cell of the node Ndi for the uplink, Ny is the noise level
measured by the node Ndi.

According to a second example of realization of the first mode of realization, the
uplink power correction b; is performed according to hy, (X, X, )»- -5 Xg, ) Which 18
the multivariate probability function that a mobile terminal MT;; served by the node
Ndi experiences a SINR lower than the threshold v;, i.e. one optimizes the nodes Nd

transmit power under the constraint:

B.i%
B (X, X 15000 X ) = P = 2y |12Q

Z Xjﬂj,l,i +N,

=
where the probability function hy, (X, Xq s+ Xg ) 18 defined according to

instantaneous measurements S, ; obtained in the uplink by the node Ndi or provided

by the node Ndj of the mobile terminals MT;; or on stored previous values, and where
Qi is the target quality of service.
The processor 200 of node Ndi obtains from the node Ndj the function
00 (%) y 1
axi ejiD (Xi ) - Ql
where  6,,(x) =hy, (b, ,ij FITTINS SO .,ij (nj)) is equal to the function

¢jiD(Xi) =

hpy (X, Xg, 1)+ -5 Xo, ny) When all entries are fixed to the obtained values b, ,, except

for the considered neighbouring node Ndi.

The node processor 200 of the node Ndi updates its power correction according
to the obtained ¢,,(x) functions, by finding the uplink power correction b; which is

the solution of

Z Pip (b) + @ (b) =t

jely
The functions ¢, (x;) can be obtained by numerical computation, as well as the

updated uplink power correction b, value. The functions ¢;,(x) may also be

quantized before the transfer to neighbouring nodes Ndj.
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In a variant, the above mentioned parameters are stored and the power
correction computation is done based on the stored parameters in order to consider
long term criterion.

At next step S505, the processor 200 commands the transfer, to the
neighbouring nodes Ndj, of the computed parameters.

According to the first example of the first mode of realization, the processor 200
commands the transfer, to the neighbouring nodes Ndj, of the computed parameters b;

and ZA,ID .

According to the second example of the first mode of realization, the processor
200 commands the transfer, to the neighbouring nodes Ndj, of b; and ¢, (x;) .

At next step S506, the processor 200 commands the transfer to each mobile
terminal MT served by the node Ndi of the updated uplink power correction b, value
to be used by mobile terminals for transferring radio signals.

After that, the processor 200 returns to step S500.

Fig. 5b discloses a second algorithm executed by each node for uplink signal
transmit power adjustment according to a variant of the first mode of realization of the
present invention.

More precisely, the present algorithm is executed by the processor 200 of each
node Nd which the server Serv is in charge of.

At the beginning of the present algorithm, the processor 200 of each node Nd
sets each mobile terminal MT;j; to a reference transmit power where i denotes the
index of the node Ndi and 1 denotes the index of the mobile terminal MT;, served by
the node Ndi. The node Ndi then receives a power S, ; from the I-th mobile terminal
of the neighbouring node Nd;.

At step S550, the processor 200 checks if an event occurs for one mobile
terminal MT;; the node Ndi serves.

An event is for example a change of the status of one mobile terminal MTj; the
node Ndi serves.

The status is as disclosed at step S500 of the algorithm of Fig. Sa.

If an event occurs, the processor 200 moves to step S551. Otherwise, the
processor 200 moves to step S552.

At step S551, the processor 200 commands the transfer of a message to the
server Serv through the network interface 206. The message notifies the server Serv

that an event occurs.
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After that, the processor 200 moves to step S552.

At step S552, the processor 200 detects the reception, through the network
interface 206, of the common parameter t value to be used for determining the
transmission power of signals transferred by mobile terminals MT;; served by the
node Ndi.

At next step S553, the processor 200 identifies, for each mobile terminal MTj,;
the node Ndi serves, the downlink power of signals received by the mobile terminals
MT;, from neighbouring nodes Ndj.

The downlink power of signals received by the mobile terminals MT;; from
neighbouring nodes Ndj is representative of the proximity of the mobile terminals
from one neighbouring node Ndj and therefore of the level of interference that mobile
terminals MT;j, served by the node Ndi generate on the signals received by
neighbouring nodes Ndj and/or of the level of interference that mobile terminals MT;,
served by the neighbouring node Ndj generate on the signals received by the node
Ndi.

At next step S554, the processor 200 classifies the mobile terminals MT;; the
node Ndi serves into groups of mobile terminals. Each group of mobile terminals
comprises the mobile terminals which are the most interfering mobile terminals for a
given neighbouring node Ndj.

For example, for each neighbouring node Ndj, the processor 200 forms a group
of mobile terminals MT;; which receive downlink signals at the highest power from
the neighbouring node Ndj among the neighbouring nodes or forms a group of mobile
terminals MT;; which receive downlink signals at a power level which is upper than a
given threshold.

In another variant of the embodiment, the node Ndj identifies the set of high
interfering MTs from the node 1 and provides the selected subset to the node Ndj.

It has to be noted that the processor 200 may form groups of mobile terminals,
each group of mobile terminals comprises the mobile terminals which are the most
interfering mobile terminals for plural neighbouring nodes Nd.

At next step S555, the processor 200 obtains parameters and the uplink received
powers b;, B, at the node Ndi from each mobile terminal MTj;x served by a
neighbouring node Ndj which belongs to the k-th group of mobile terminals MT;; of

the node Ndj which interference on the node Ndi is high, where 1 denotes the index of
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the 1-th mobile terminal served by the node Ndj when a power correction b;y is applied
at node Ndj for the mobile terminals MT;; of the k-th group of mobile terminals.

The processor 200 determines the power b, 3, ,;, which is the power received
in uplink by the node Ndi from the u-th mobile terminal MTj,u of the k-th group of
mobile terminals served by the j-th node Ndj, which generates the most interference

on the uplink at the node Ndi.

The processor 200 determines the power b, received in uplink by the

i,v,ik
node Ndi from the v-th mobile terminal MT;, served by the node Ndi, which is
received with the lowest power on the uplink at the node Ndi.

According to a first example of realization of the second mode of realization of

the present invention, the parameters received from the neighbouring node Ndj are
uplink power corrections by and cell specific parameters ij o Which will be disclosed

herein after.
According to a second example of realization of the first mode of realization of

the present invention, the parameters received from the neighbouring node Ndj are
uplink power corrections bjx and parameters @ (x) determined by each

neighbouring node Ndj for the node Ndi ¢,,,(x) which will be disclosed herein after.
It has to be noted here that when £, ., is provided to the node Ndi by the node

Ndj,the B, ,,;, reception occurs far less frequently than the /{j,kD and b; x exchange.

At next step S556, the processor 200 optimises the transmission power of
signals transferred by the mobile terminals MT;; the node Ndi serves.

For each group of mobile terminals formed at step S556, the processor 200
computes a new uplink correction parameter b;x.

For example, the uplink power correction b;x is for example determined by
computing the optimization of the Gjp based on its neighbouring nodes, i.e.

Gi,kD = Z bm,k +bi,k
meQy,
The minimization is done under a constraint of coverage in uplink, expressed by

a minimal tolerated value y,, of the worst uplink SINR experienced by the mobile

terminal MT; , of the k-th group of mobile terminals served by the node Ndi, i.e.

Brvixbix
Z bj,kﬂj,u,i,k +N,

jeQ),

2%k

i



WO 2012/123396 PCT/EP2012/054243

10

15

20

25

30

18

For the uplink channels, in order to process the optimization, the present

invention uses preferably the log barrier method as follows. The node Ndi computes
the parameter Aixp as a function of the received parameters ij,kD and the common

parameter t previously received.
VixPiujx 2
ﬂ’l,kD =t+ Z : : ﬂ’j,kD =t+ Z ﬂi,u,j,kﬂ’j,kD
jey iv.jk jety
and
A Vik
Aw ="
ﬂj,v,j,k
Then, the node Ndi computes, for each group of mobile terminals the node Ndi
serves, its updated power correction as a function of the obtained power

measurementb; , and S

juike

1 Vi
bl,k = _+—k£2 bj,kﬂj,u,i,k + Noj

Ly,ik \ J€

where yix is the minimal signal interference plus noise ratio (SINR) threshold
that can be tolerated for the k-th group of mobile terminals of the node Ndi for the
uplink, Ny is the noise level measured by the node Ndi.

It has to be noted here that the computation of each uplink power correction b;x
applied to the mobile terminals MT of the k-th group of mobile terminals served by
the node Ndj may be executed using the second example of computation disclosed at
step S504 of Fig. Sa.

At next step S557, the processor 200 commands the transfer, to the
neighbouring nodes Ndj, of the computed parameters.

The processor 200 commands the transfer, to the neighbouring nodes Ndj, of the
computed parameters bjx and /i,kD where k is the index of the group of mobile

terminals served by the node Ndi which interfere the most the node Ndj.

At next step S558, the processor 200 commands the transfer to each mobile
terminal MT of each group of mobile terminals served by the node Ndi of the
corresponding updated uplink power correction b,, value to be used by mobile
terminals for transferring radio signals.

After that, the processor 200 returns to step S550.

Fig. 6 discloses a second algorithm executed by the server for uplink signal
transmit power adjustment according to a second mode of realization of the present

invention.
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More precisely, the present algorithm is executed by the processor 300 of the
server Serv.

At step S600, the processor 300 reads into the ROM memory an initial common
parameter t value to be used for determining the transmission power of signals
transferred by mobile terminals served by the nodes which the server Serv is in charge
of.

For example the initial common parameter t value is set to a low value, for
example at less than twenty of the maximal value the common parameter t can take.

At next step S601, the processor 300 checks if a message representative of an
event is received from one node Nd, which the server Serv is in charge of.

An event is for example a change of the status of one mobile terminal served by
a node which the server Serv is in charge of as disclosed at step S401 of Fig. 4.

If a message representative of an event is received, the processor 300 moves to
step S602. Otherwise, the processor 300 moves to step S403.

At step S602, the processor 300 sets the common parameter t value to a
predetermined value. For example the common parameter t value is set to a low value,
for example at less than twenty per cent of the maximal value the common parameter t
value can take or to null value or to the initial value of the common parameter t.

After that, the processor 300 moves to step S604.

At step S603, the processor 300 increases the common parameter t value, for
example by ten percent of the previous common parameter t value.

At next step S604, the processor 300 optimises the transmission power of
signals transferred by the mobile terminals MT served by the nodes Nd which the
server Serv is in charge of.

The processor 300 obtains, from each node Nd, the vector Ai which will be
disclosed hereinafter.

The processor 300 optimises the transmission power of signals transferred by
the mobile terminals MT served by the nodes Nd which the server Serv is in charge of
by computing an uplink correction parameter b; for each node Ndi.

According to an example of realization, the power correction parameter b; for
the node Ndi is for example determined by computing the optimization of the G (l_))

function based on the uplink correction parameters of its neighbouring nodes Ndj .
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Where N is the number of nodes the Server Serv is in charge of, p is a
predetermined parameter, and b is the vector of the uplink correction parameters, i.e.

b=[b,,b,,....b 1"

For example, the processor 300 uses the generalized mean utility function with
parameter p which minimizes the maximum transmit power among mobile terminals
MT by choosing p sufficiently high, for example larger than four.

The minimization is done under a constraint of coverage in uplink, expressed by

a minimal tolerated value y. of the worst uplink SINR experienced by the mobile

terminal MT;,, served by the node Ndji, i.e.,
ﬂl Vv, i1

20BN

j#i

For that, the processor 300 minimizes the function J (x)

SRS 1Y :
G (X) Zlog Xl ﬁ_l ) lejﬁj,u,i + NO :GC(§)_;leog(A§_ ﬁ% _ OJ
e j;i 1= i,v,i

where Ais a vector describing the lowest receive power from the mobile

terminals of the node Ndi and the highest interfering power from mobile terminals of
the neighbouring nodes of the node Ndi, the elements A; of the vector A are defined

as A;=land A, =——g . for j=i

iu,j
1,v,i

The optimization is done by evaluating
N T
Grad (7 (x)) =G (x) a7t 2y — A
b Ax— 7 N,

i,v,i

where the notation b”"' means element wise power of the vector b, (.)' is the
matrix transpose notation, and where Grad(J (5)) is the gradient vector of the
function J (x).
Then the processor 300 finds b which solves the system of equations:
Grad (J (b))=0
The solution of this system of equations can be done offline with different

numerical techniques.
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For example, projected gradient descent or Newton method can be used since
the set of equations to be solved are non-linear in the powers.

According to another example of realization, the power correction parameter b;
is for example computed according to a function h.(x), where x= (Xl,. e XN) ,

h.(x) is a the multivariate probability function that a mobile terminal MT in

communication with node Ndi experiences a SINR lower than the threshold vy;, i.e. one

optimizes the nodes Nd transmit power under the constraint:

he(w—P| 228 >y oq

2585+ N,

j=1

j#
where the probability is defined according to instantaneous measurements S, ;
of the mobile terminals MT;; or on stored previous values and where Q; is the target
quality of service.

The processor 300 minimizes J(t)
1 N
J (t) =G (x) _zzlog(hic (%) _Qi)
i=1

The optimization is done by evaluating the function
N
Grad (J (§)) =G, (E)Fp X! +lzm

t i=1 hic (§) - Qi
Where Grad (hiC ( 5)) is the Gradient vector of h.(x)

Then the processor 300 finds b which satisfies: Grad (J (l_))) =0

At next step S605, the processor 300 command the transfer of each computed
power correction parameter b; to the corresponding node Ndi.

After that, the processor 300 returns to step S601.

It has to be noted here that the algorithm of Fig. 6 is disclosed in an example
wherein no group of mobile terminals are formed.

The present algorithm is also applicable when the server Serv forms, for each
node Nd, groups of mobile terminals.

Fig. 7 discloses a third algorithm executed by each node for uplink signal
transmit power adjustment according to the second mode of realization of the present
invention.

More precisely, the present algorithm is executed by the processor 200 of each

node Nd which the server Serv is in charge of.
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At the beginning of the present algorithm, the processor 200 of each node Nd
sets each mobile terminal MT;j; to a reference transmit power where i denotes the
index of the node Ndi and 1 denotes the index of the mobile terminal MT;, served by
the node Ndi. The node Ndi then receives a power S, ; from the I-th mobile terminal
of the neighbouring node Nd;.

At step S700, the processor 200 checks if an event occurs for one mobile
terminal MT the node Ndi serves.

An event is for example a change of the status of one mobile terminal MTj; the
node Ndi serves as disclosed at step S401 of Fig. 4, or a change of the most interfering
power ﬁjm.

If an event occurs, the processor 200 moves to step S701. Otherwise, the
processor 200 moves to step S702.

At step S701, the processor 200 commands the transfer of a message to the
server Serv through the network interface 206. The message notifies the server Serv
that an event occurs.

After that, the processor 200 moves to step S702.

At step S702, the processor 200 commands the transfer of parameters to the
server Serv which enable the server Serv to determine the functionh (x) of node Ndi

or determines the functionh.(x) of node Ndi and transfers it to the server Serv.

At next step S703, the processor 200 detects the reception of the computed
power correction parameter b;.

At next step S704, the processor 200 commands the transfer to each mobile
terminal MT;, served by the node Ndi of the updated uplink power correction b, value
to be used by each mobile terminal MT;, for transferring radio signals.

After that, the processor 200 returns to step S700.

Naturally, many modifications can be made to the embodiments of the invention

described above without departing from the scope of the present invention.
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CLAIMS

1. Method for setting, in a wireless cellular telecommunication network, the
power of the radio signals transferred by mobile terminals (MT) served by plural
nodes (ND1, Nd2, Nd3, Nd4), characterised in that the method comprises the steps
executed by a server (Serv) which is in charge of the nodes of :

- checking (S401) if a message is received from one of the nodes, the message
being representative of the occurrence of an event in the cell of the node which
transferred the message,

- adjusting (5403, S402) a common parameter value for the nodes according to
the reception or not of the message,

- transferring (S404) to each node the adjusted common parameter value or

information derived from the adjusted common parameter value.

2. Method according to claim 1, characterised in that an event is a hand over of a
mobile terminal served by the node which sends the message or a modification of the
uplink path gain between a mobile terminal and the node which sends the message or
a modification of the signal to interference plus noise ratio of a mobile terminal served
by the node which sends the message or a modification of the location of a mobile
terminal served by the node which sends the message, or the switching ON or OFF of
a mobile terminal served by the node which sends the message or a modification of
the throughput needed of a mobile terminal served by the node which sends the

message.

3. Method according to claim 1 or 2, characterised in that if the server transfers
to each node the adjusted common parameter value, the method comprises further
step, executed by each node of:

- determining, (S504) at least from the adjusted common parameter value, a
power correction of the radio signals transferred by one group of mobile terminals
served by the node,

- transferring (S506) the power correction to the mobile terminals of the group

of mobile terminals.
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4. Method according to claim 3, characterised in that the group of mobile

terminals comprises all the mobile terminals served by the node.

5. Method according to claim 3, characterised in that the method comprises
further step executed by at least one node of forming plural groups of mobile
terminals and in that the node determines, at least from the common parameter value
and for each group of mobile terminals, a power correction of the radio signals
transferred by one group of mobile terminals of the group of mobile terminals,

- transferring, to each mobile terminal of each group of mobile terminals, the
power correction determined for the group of mobile terminals the mobile terminal

belongs to.

6. Method according to claim 4 or 5, characterised in that the method comprises
further step, executed by each node of transferring (S505) to the other nodes the
determined power correction or of transferring to at least one node associated to one
group of mobile terminals the power correction determined for the group of mobile

terminals.

7. Method according to claim 6, characterised in that the method comprises
further steps, executed by each node of :

- determining another cell specific parameter which is dependent of cell specific
parameters received from the other nodes,

- transferring the other cell specific parameter to the other nodes.

8. Method according to claim 5, characterised in that the method comprises
further steps, executed by each node of

- receiving another parameter from each other node, the other parameter being
determined by the other node for the node,

- transferring to other nodes another parameter, the other parameter being

determined by the node for the other node.

9. Method according to claim 1 or 2, characterised in that if the server transfers
to each node information derived from the adjusted common parameter value, one

information derived from the adjusted common parameter value determined for each
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node which is a power correction of the radio signals transferred by one group of

mobile terminals served by the node to which the information is transferred.

10. Method according to claim 9, characterised in that the method comprises
further step, executed by the server of receiving from each node a vector describing
the lowest received power from the mobile terminals of the node Ndi and the highest
interfering power from mobile terminals of the neighbouring nodes of said node and

in that each power correction is determined according to the received vectors.

11. Device for setting, in a wireless cellular telecommunication network, the
power of the radio signals transferred by mobile terminals served by plural nodes,
characterised in that the device is included in a server which is in charge of the nodes
and comprises:

- means for checking if a message is received from one of the nodes, the
message being representative of the occurrence of an event in the cell of the node
which transferred the message,

- means for adjusting a common parameter value for the nodes according to the
reception or not of the message,

- means for transferring to each node the adjusted common parameter value or

information derived from the adjusted common parameter value.
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