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Computing cloud in a wireless telecommunication system

Description

. e e e e R AR N e e e e e W W e R e W e e e e e e e e

Field of the invention

The invention relates to the filed of mobile telecommunication, in particular to a wire-

less telecommunication system comprising a computing cloud.

Background and related art

The majority of operations performed by a wireless telecommunication system is
performed by the base stations of the wireless telecommunication system. For ex-
ample handovers are initiated and performed by the base stations, call admissions
are performed by the base stations, load balancing is performed by the base sta-
tions, statistical data is gathered by the base stations and the cells of the wireless

telecommunication system are configured by the base stations.

US 2011/0014918 A1 describes a cellular communication system supported by first
physical layer processes, second layer user plane control processes and third layer
control plane control processes. The first layer process is executed in a base sta-
tion. A distribution controller allocates the layer processes such that the second
layer process is executed in a different network element than the third layer process.
The second and/or third layer process may furthermore be allocated to a different
network element than the base station executing the first layer process. The second
and/or third layer process may be allocated to base stations. This allows improved
load balancing and/or may reduce RNC relocations in a system having base station
RNC functionality.
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Summary

It is an object of the present invention to provide an improved method for communi-
cation in a wireless telecommunication system, an improved wireless telecommuni-
cation system, and an improved computing cloud for such a wireless telecommuni-
cation system.

The object of the invention is achieved by the subject matter of the independent

claims. Embodiments of the invention are given in the dependent claims.

The invention relates to a method for communication in a wireless telecommunica-
tion system. The wireless telecommunication system comprises a plurality of base
stations and at least one computing cloud. The plurality of base stations are each
connected to the at least one computing cloud. Optionally the base stations are
connected to each other in addition.

The computing cloud comprises a plurality of computing devices such as computers
or servers. The computing cloud is operatively coupled to the plurality of base sta-
tions. In other words, signals may be exchanged between the computing cloud and
the plurality of base stations.

The computing cloud may for example be a plurality of servers being located cen-
trally in the wireless telecommunication system. The servers are coupled to each
other. The connections between the servers may for example be connections ac-
cording to the X2 interface which is defined by the Third Generation Partnership
Program (3GPP) for the Long Term Evolution (LTE) standard. Additionally or alter-
natively other connections can be used that are not adapted for real-time communi-
cation because the computing cloud only performs non-time-critical operations. For
example, a wireless telecommunication system comprises four computing clouds.
The computing clouds are used for performing non-time critical operations for the
plurality of base stations. In other words, non-time critical operations, which are per-
formed by base stations in common wireless telecommunication systems, are per-

formed by the computing cloud. This allows minimizing the processing capacity of
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the base stations. The more non-time critical operations are outsourced to the com-

puting cloud the less processing capacity is required in the base stations. Therefore
the size of the base station and the production costs of the base stations can be
reduced.

The computing cloud only performs non-time critical operations. Time critical opera-
tions are performed by the plurality of base stations. It is advantageous to perform
time critical operations in the base stations because transmitting data to the comput-
ing cloud and receiving data from the computing cloud induces a time delay into the
signal processing step. This time delay could be too high for time critical operations.
Time critical operations are for example coding and decoding of data and giving
feedback to data received from a mobile device. A mobile device may for example
be a mobile telephone, a PDA, a mobile computer, or a smartphone.

Time-critical operations could also be described as real-time operations. Real-time
operations are understood herein in particular as operations having a requirement of
maximum allowed timing delays. These maximum allowed timing delays can for ex-
ample be defined in standards such as the standards of the Third Generation Part-

nership Program (3GPP).

In general, time critical operations are operations where an induced additional delay
because of signal transmission from the base stations to the computing cloud and
vice versa corresponds to a high risk of radio failures and unwanted disconnections
of mobile devices. For example an HARQ process has strong timing requirements
with respect to round trip delay. Hence, the HARQ process is performed by the plu-
rality of base stations because of the timing requirements.

As mentioned above, non-time critical operations are performed by the at least one
computing cloud for the plurality of base stations. In other words, the computing
cloud performs operations that could also be performed by the plurality of base sta-
tions. It is advantageous to perform the non-time critical operations by the comput-
ing cloud because processing capacities of the base stations can be reduced. It is
especially advantageous to use the computing cloud for non-time critical operations

because the computing cloud performs the operations for a plurality of base sta-
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tions. Hence, the processing capacities of the computing cloud have to be adjusted

to the maximum required processing capacity for the plurality of base stations. Thus
it is not important if a first base station of the plurality of base stations has a high
processing load and a second base station has a low processing load or if the first
base station and the second base station both have medium processing loads. In
other words peaks of the processing capacities required for one base station are
balanced by load processing capacities required for other base stations of the plu-

rality of base stations.

It is not anymore necessary to provide enough processing capacity for each base
station for the maximum required peak processing capacity. Instead the computing
cloud comprises enough processing capacities for the overall processing capacity
required for the plurality of base stations. This means that the total processing ca-
pacity is reduced because not all of the plurality of base stations has their peak re-
quirements for processing capacities at the same time.

Non-time critical operations that may be performed by the computing cloud com-
prise at least one of the following operations: handover procedures, call admissions,
load balancing, gathering statistical data of cells of the wireless telecommunication
system, configuration management for the cells of the wireless telecommunication
system, and operations for self-organizing functions of the wireless telecommunica-
tion system. Control data is exchanged between the plurality of base stations and

the at least one computing cloud for performing these non-time critical operations.

Handover procedures may for example be initiated and performed by the computing
cloud. Signal powers and/or signal strengths measured by mobile devices and
transmitted to the base station to which the mobile device is connected are for-
warded by the respective base station to the computing cloud. The computing cloud
can decide to initiate and perform a handover of the mobile device to another cell.
Alternatively the mobile device triggers the handover procedure by transmitting a
handover trigger signal to the base station. The base station then forwards the trig-
ger signal to the computing cloud and the computing cloud performs the handover of
the mobile device from a source cell to a target cell.
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5
It is especially advantageous to perform load balancing of the cells of the wireless

telecommunication network in the computing cloud. Load balancing operations bal-
ance the data load of the cells such that the data load distribution among the cells is
optimized. Load balancing can comprise operations such as adjustment of signal
strengths, adjustment of frequency re-uses, adjustment of handover parameters,
and/or adjustment of cell sizes and any other procedure known from the prior art for
load balancing among cells in a cellular wireless telecommunication network. Per-
forming load balancing in the computing cloud is especially advantageous when the
computing cloud also gathers statistical data of the cells of the wireless telecommu-
nication network. In this case the computing cloud can decide to perform load bal-
ancing based on the gathered statistical data without transmitting or receiving addi-
tional signals from the plurality of base stations. All data being required for load bal-

ancing is already present in the computing cloud.

Operations for self-organizing networks may also be performed by the computing
cloud. This is also especially advantageous when statistical data is gathered by the
computing cloud. In this case the computing cloud can perform operations for the
self-organizing network without signal exchanges between the base stations or
other network entities and the computing cloud. The data being relevant for self-

organizing network operations is already present in the computing cloud.

The computing cloud can also perform configuration management. In other words
the computing cloud adjusts or sets the parameters for cells of the wireless tele-
communication system, especially for cells being established in the wireless com-

munication system.

According to embodiments of the invention the computing cloud comprises at least
one first buffer. Each base station of the plurality of base stations comprises at least
one second buffer. Payload data to be sent to a mobile device connected with the
respective base station is buffered in the first buffer, transmitted from the computing
cloud to the respective base station, buffered in the second buffer and sent to the
mobile device. As two buffers are used for the payload data the size of the buffer in
the base station can be reduced because the data is additionally buffered in the

computing cloud. Payload data may for example be voice data, video data, internet
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data or any other data being requested by the mobile device. This is especially ad-

vantageous when handover procedures are performed by the computing cloud.
When the handover procedure is initiated the computing cloud transmits the data
being located in the second buffer to the target base station of the handover proce-
dure. Hence, the data being required by the mobile device is already present in the
buffer of the target base station before the mobile device is handed over to the tar-
get base station without that data needs to be exchanged between the source base

station and the target base station.

According to embodiments of the invention the plurality of base stations are con-
nected to each other for data forwarding from a first base station of the plurality to a
second base station of the plurality. In this case data may be exchanged between
the plurality of base stations without involving the computing cloud.

According to embodiments of the invention a handover of a mobile device from a
source base station of the plurality of base stations to a target base station of the
plurality of base stations is initiated by the computing cloud. After initiating the
handover procedure at least a portion of the payload data is transmitted from the
computing cloud to the target base station before the mobile device is handed over
to the target base station. It is to be noted that only a portion of the payload data
being stored in the first buffer of the computing cloud can be transmitted to the tar-
get base station or all data being stored in the buffer of the computing cloud can be
transmitted to the target base station before the mobile device is handed over to the
target base station. If only a portion of the payload data is transmitted to the target
base station before the mobile device is handed over the rest of the payload data
being stored in the first buffer of the computing cloud is transmitted to the target
base station after the handover procedure.

According to embodiments of the invention the time critical operations are coding of
signals to be transmitted to a mobile device, decoding of signals received from the

mobile device, and transmitting feedback to signals received from the mobile device.
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According to embodiments of the invention the wireless telecommunication system

is a system operating according to LTE, GSM, or UMTS standards. All these stan-
dards have been developed by the Third Generation Partnership Program (3GPP).

According to embodiments of the invention load balancing is performed according to
LTE standards. For load balancing LTE standards see 3GPP: TR 36.902 V9.3.0
(2010-12) Chapter 4.6.

According to embodiments of the invention the operations for the self-organizing
functions of the wireless telecommunication system are performed by the computing
cloud. The statistical data of the cells are gathered by the computing cloud and
stored in the computing cloud. The statistical data is used by the computing cloud
for performing the operations for the self-organizing functions. The self-organizing
functions comprise at least one of the following operations: changing a transmission
power of at least one base station of the plurality of base stations, changing a cell
size of at least one cell of the wireless telecommunication system, changing hand-

over parameters for performing handovers from a source cell to a target cell.

According to embodiments of the invention the plurality of base stations are com-
prised by a further computing cloud. The computational operations of a first base
station of the further computing cloud can be performed by a second base station of
the further computing cloud. In other words, the plurality of base stations is operated
as a further computing cloud. This allows distributing the computational effort re-
quired by the base stations over the plurality of base stations such that the required

processing capacity of each base station can be further reduced.

According to embodiments of the invention the plurality of base stations comprises
subgroups of base stations. Each subgroup comprises a plurality of antennas and
dne computing unit. Signals are received from mobile devices over the antennas.
These signals are then processed by the computing unit. The computing unit per-
forms time-critical operations that are explained in more detail above. In other
words, a subgroup of base stations comprises a plurality of antennas, wherein each
antenna serves at least onecell of the wireless telecommunication system. The an-

tennas are used for communication with mobile devices being located in the cells.
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Each antenna may for example serve exact one cell. Alternatively one cell can be

served by more than one antenna.

The signals received via the antennas are forwarded to the computing unit of the
subgroup. Time-critical operations are performed by the computing unit and the sig-
nals are forwarded to the computing cloud for non-time-critical operations as ex-

plained above.

Embodiments of the invention are advantageous because a plurality of cells, which
is served by the subgroup of base stations, requires only one computing unit.
Hence, the processing capacities can be further reduced. The computing unit has
enough processing capacities for processing the overall traffic load of the plurality of
cells. However, less processing capacities are required, because peak loads in one
cell are balanced because the other cells will most likely not have a peak load at the
same time. Hence, production costs and base station sizes can be reduced. Each
cell can for example be allocated to one antenna and one computing unit. The com-
puting unit serves more than one cell. Alternatively, a cell can be allocated to more

than one antenna.

In another aspect the invention relates to a wireless telecommunication system
comprising a plurality of base stations and at least one computing cloud. The plural-
ity of base stations and the at least one computing cloud are adapted to perform a

method according to embodiments of the invention.

The computing cloud comprises means for performing non-time critical operations
for the plurality of base stations, means for transmitting control data to the plurality
of base stations, and means for receiving control data from the plurality of base sta-
tions. The control data is used for enabling the computing cloud to perform the non-

time critical operations.

Each of the plurality of base stations comprises means for performing time critical
operations, means for transmitting control data to the computing cloud, and means

for receiving control data from the computing cloud. The non-time critical operations
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and the time critical operations are explained above with respect to the explained

method.

In yet another aspect the invention relates to a computing cloud for a wireless tele-
communication system. The computing cloud comprises means for performing non-
time critical operations for the plurality of base stations. This means that the comput-
ing cloud is adapted to perform operations being performed by the plurality of base
stations in state of the art wireless telecommunication systems. In other words the
non-time critical operations could also be performed by each base station of the plu-
rality of base stations. The choice to perform the non-time critical operations in the
computing cloud allows to reduce the processing capacities of the base stations of
the plurality of base stations. Further, the computing cloud comprises means for
transmitting control data to the plurality of base stations and means for receiving
control data from the plurality of base stations. The control data may be used by the
means for performing non-time critical operations of the computing cloud for per-
forming the non-time critical operations. The time critical and non-time critical opera-

tions are explained above with respect to embodiments of the invention.
Brief description of the drawings

In the following embodiments of the invention are explained in greater detail, by way

of example only, making reference to the drawings in which:
Fig. 1 is a schematic view of a base station and a computing cloud,

Fig. 2 is a schematic view of a wireless telecommunication system compris-
ing a computing cloud and a plurality of base stations, and

Fig. 3 is a flow diagram of a method according to embodiments of the inven-

tion.

Detailed description
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Like numbered elements in these Figs. are either identical elements or perform the

same function. Elements which have been discussed previously will not necessarily
be discussed in later Figs. if the function is identical.

Fig. 1 is a schematic view of a computing cloud 100 and a base station 102. The
computing cloud 100 comprises several computing units such as servers or com-
puters. The base station 102 is located outside the computing cloud 100. Fig. 1 is
separated into a control plane 104 and a user plane 106. The computing cloud 100
and the base station 102 both have means being located in the control plane 104

and means being located in user plane 106.

The base station 102 is connected to the computing cloud 100 via interfaces 108
and 110. Interface 108 is located in base station 102 and interface 110 is located in
computing cloud 100. Both interfaces 108 and 110 are located in the control plane
104.

The computing cloud 100 comprises several means for performing computational
operations. The computing cloud 100 comprises means for performing radio re-
source control (RRC) operations 112. The means for performing RRC operations
112 are adapted to perform and initiate handover procedures for mobile devices
being connected to base station 102, call admissions for such mobile devices, and
load balancing for cells being served by base station 102. Load balancing may for
example be performed according to LTE standards. It is to be noted that the com-
puting cloud 100 is preferably connected to a plurality of base stations 102. For clar-
ity reasons only one base station 102 is depicted. The means 112 for performing
RRC operations are adapted to perform and initiate handover procedures, call ad-
missions and load balancing for each base station of the plurality of base stations

being connected to the computing cloud 100.

The computing cloud 100 further comprises means 114 for configuration manage-
ment of cells of the wireless telecommunication network. The means 114 can adjust
and/or set parameters for newly established celis in the wireless telecommunication
network. Such parameters are for example signal transmission strength or power,

cell size and/or handover parameters.
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The computing cloud 100 further comprises means 116 for performing operations of
a self-organizing network (SON). The SON operations can for example be adjusting
of parameters such as handover parameters, signal strength and/or signal power,

and/or cell sizes.

Further, the computing cloud 100 comprises statistic means 118 for gathering statis-
tical data of cells of the wireless telecommunication network. The statistical data
may for example be used for load balancing by means 112. The statistical data
comprises statistics about traffic loads in the cells of the wireless telecommunication
network for different day times, days, and/or months. Based on this data load bal-
ancing can be performed. It is advantageous to have the statistical data in the com-
puting cloud 100 because load balancing, handovers, configuration management
and SON operations can be performed without exchanging signals with external
components. Hence the signaling effort is reduced by gathering statistical data in
the computing cloud and performing load balancing, SON operations, configuration

management and handovers in the computing cloud 100.

All above mentioned means 112-118 of the computing cloud 100 are located in the
control plane. Further, the computing cloud 100 comprises a first buffer 120 in the
user plane. The first buffer 120 is adapted to exchange data with the second buffer
122. The second buffer 122 is located in the user plane 106 of the base station 102.
A flow control protocol is used for exchanging data between the first buffer 120 and
the second buffer 122. The second buffer 122 is adapted to request data from the
first buffer 120 and the first buffer 120 is adapted to send data to the second buffer
122. The data being transmitted from the first buffer 120 to the second buffer 122 is
preferably payload data that shall be sent to a mobile device being connected to the
base station 102. Payload data may for example be voice data, internet data or any
other data requested by the mobile device. By using a first buffer 120 in the comput-
ing cloud 100 the second buffer 122 of the base station 102 can be of reduced size

in comparison to buffers known from the prior art.

In case of a handover of a mobile device from the base station 102 to a further base

station being also connected to the computing cloud 100 the payload data being
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stored in the first buffer 120 can be transmitted to a third buffer in the further base

station to which the handover shall be performed. Hence no data exchange between
the base station 102 and the further base station is necessary in case of a handover
procedure. A further advantage is that the handover procedure is initiated and per-
formed by the means 112 for RRC operation of the computing cloud 100. Hence,
the computing cloud 100 performs the handover and also transmits the payload data
to the target base station. A synchronization of these procedures inside the comput-

ing cloud 100 is very simple and easy to implement.

The base station 102 further comprises means for performing medium access con-
trol (MAC) and radio link control (RLC) operations 124. Further, the base station 102
comprises means 126 for performing physical layer operations. The means 124 and
106 are located in the user plane 106 of the base station 102.

The means for MAC/RLC operations 124 and the means for physical layer opera-
tions 126 are located in the base station 102 because these operations are time
critical and a delay induced by signal transmission to the computing cloud would
cause critical errors such as radio link failures and disconnections of mobile devices.
Such time critical operations are for example coding and decoding of signals being
received and transmitted to mobile devices being connected to base station 102 and
giving feedback to received signals from mobile devices. This is especially advanta-
geous for hybrid automatic repeat request procedures (HARQ) according to the
LTE, HSUPA and HSDPA standard of the Third Generation Partnership Project
(3GPP).

Fig. 1 further shows an arrow 128 indicating the time delay added to the signals be-
ing processed by the different means 112-126 in the computing cloud 100 and the
base station 102. The delay corresponds to the arrangement of the means 112-126.
For example the means 108, 122, 124 and 126 are located at the beginning of the
arrow 128, which means that the delay caused by these means lies in between 100
us and 1 ms. The delay caused by means 112 lies in between 10 ms and 1 second.
The delay caused by means 114 lasts between 100 ms and 1 second, the delay
caused by means 116 lies between 1 second and 10 seconds and the delay caused

by means 118 lies in the range of 8-12 seconds. All above mentioned delay values
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are the values added to the signal for one-way transmission of the signal. Hence, a

signal being transmitted from the base station 102 to means 112 experiences an
additional delay of 10 ms and a signal back from means 112 to the base station 102
is subject to another delay of 10 ms such that the total delay is 20 ms. This is why
time critical functions are executed inside base station 102 by means 122-126.

Fig. 2 is a block diagram of a wireless telecommunication system comprising a
computing cloud 100 and two base stations 102a and 102b. It is to be noted that
only two base stations 102a and 102b are depicted in Fig. 2 for clarity reasons al-
though much more than two base stations may be connected to the computing
cloud 100. The base stations 102a and 102b are designed similarly to base station
102 depicted in Fig. 1.

The base stations 102a and 102b are connected via connections 202 to each other.
This connection 202 is optional and not mandatory for base stations according to
embodiments of the invention. The connection 202 is used for data forwarding be-
tween the base stations 102a and 102b for example in case of a handover. Data
may be transferred from a source base station 102a to a target base station 102b
for providing a mobile device being handed over from source base station 102a to
target base station 102b with data. The base stations 102a and 102b are connected
to the computing cloud 100 via connections 204. Control data and payload data is
exchanged between the computing cloud 100 and the base stations 102a and 102b
via connections 204. Payload data may for example be voice data, internet data, or
any other data being requested by a user of the mobile telecommunication network.
Control data may for example be any data being exchanged in the control plane 106
depicted in Fig. 1. Control data may for example be data being necessary for hand-
over reasons, self-organizing network functions, statistical data of cells being served
by base stations 102a and/or base station 102b, and any parameters being set or
adjusted by the computer cloud 100 for base stations 102a and 102b.

Communication between the different computing devices in computing cloud 100 is
performed by connection 200. For clarity reasons only one connection 200 is de-

picted in Fig. 2. The computing devices of computing cloud 100 communicate with
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each other over such connections 200. Such connections may for example be es-

tablished according to the X2 interface of the LTE standard.

A mobility management entity and/or a serving gateway 208 is connected via con-
nection 206 to the computing cloud 100. The mobility management entity 208 may
also be referred to as MME. The mobility management entity 208 operates accord-
ing to 3GPP standards and the serving gateway 208 is operated according to 3GPP
LTE standards. The connection 206 may for example be a connection according to
the 3GPP S1 standard.

Via another connection 210 the core network for 2G and 3G networks 212 is con-
nected to computing cloud 100. The core network comprises for example an opera-
tion and maintenance centre. The operation and maintenance centre serves the
provider for maintaining the wireless telecommunication network and for surveil-

lance of the wireless telecommunication network.

For wireless telecommunication systems according to the 3G standard the comput-
ing cloud 100 comprises functionalities that are comprised in state of the art 3G sys-
tems by the radio network controller (RNC). Such functionalities are for example
High Speed Downlink Packet Access (HSDPA) and High Speed Uplink Packet Ac-
cess (HSUPA) functionalities.

For 2G networks according to the GSM standard (Global System for Mobile Com-
munications) the computing cloud 100 may perform operations that are performed in
state of the art systems by the base station controller (BSC). Additionally, the com-
puting cloud 100 may aiso perform operations that are performed in state of the art
systems by the Transcoding und Rate Adaption Unit (TRAU). Such operations could
for example be transcoding of voice data from a first bit rate to a second bit rate.
Other data requested by a user, e.g. video data or internet data, could also be
transcoded by the computing cloud 100.

An operation and maintenance center 214 is connected to the computing cloud 100

via connection 216. The operation and maintenance center 214 serves for the pro-
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vider of the wireless telecommunication network as a surveillance center of the

computing cloud 100.

Fig. 3 is a flow diagram of a method according to embodiments of the invention. In a
first step S1 time critical operations such as coding and decoding of signals and giv-
ing feedback to signals received from a mobile device are performed by a plurality of
base stations. The plurality of base stations is connected to the comﬁ)uting cloud as
depicted in Figs. 1 and 2. Time critical operations are performed by the plurality of
base stations because outsourcing these operations into the computing cloud would
cause additional time delays to the operations which may be critical and cause radio

link failures and disconnections.

In step S2 non-time critical operations are performed by the computing cloud for the
plurality of base stations. This means that operations where an additional delay of
several hundreds of milliseconds or even seconds does not cause directly radio link
failures or disconnections is outsourced into the computing cloud. These operations
could also be performed by the base stations. However, it is advantageous to out-
source these operations into the computing cloud for reducing processing capacities
in the base stations. The computing cloud performs these operations for all the base
stations of the plurality of base stations. Hence, peaks in the traffic load of certain
cells of the wireless telecommunication network are balanced because other cells
will not have a peak traffic load at the same time. In other words, the capacity of the
computing cloud is high enough for the maximum required processing capacities but
lower than the processing capacity which would be used if each cell would have the

processing capacities for handling its maximum traffic load.

It is to be noted that the steps S1 and S2 can be performed at the same time or step
S1 can be performed before step S2 and vice versa.

In step S3 control data is exchanged between the plurality of base stations and the
at least one computing cloud. Step S3 is required for step S2 because the control
data is used by the computing cloud for performing the non-time critical operations.
Control data may for example be handover data, parameters of the celis of the wire-

less telecommunication network, and/or statistical data.
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The non-time critical operations performed by the computing cloud in step S2 may
for example be handover procedures, call admissions, load balancing, gathering
statistical data of cells of the wireless telecommunication network, configuration
management for the cells of the wireless telecommunication system, and operations
for self-organizing functions of the wireless telecommunication system. Performing
all these operations in the computing cloud is advantageous because the signaling
effort is reduced in comparison to state of the art wireless telecommunication sys-
tems. The statistical data and operations using the statistical data are performed in
the computing cloud. Hence additional signaling effort is avoided. Additionally the
processing capacity of the base stations can be reduced, which reduces also the

production costs and the size of the base station.

The time critical operations are performed by the base stations because performing
these operations in the computing cloud would cause unnecessary radio link failures
and disconnections due to added time delay. This is especially advantageous for
hybrid automatic repeat request. The time critical operations are preferably coding
and decoding of signals and giving feedback to signals received from mobile de-
vices being connected to the respective base station.
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100 | Computing cloud

102 | Base station

104 | Control plane

106 | User plane

108 | Interface

110 | Interface

112 | Means for RRC operations

114 | Means for configuration management
116 | Means for SON operations

118 | Statistic means

120 | First buffer

122 | Second buffer

124 | Means for MAC/RLC operations
126 | Means for physical layer operations
128 | Arrow

200 | Connection

202 | Connection

204 | Connection

206 | Connection

208 | MME, serving gateway

210 | Connection

212 | Core network

214 | OMC

216 | Connection
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Claims

1. A method for communication in a wireless telecommunication system,

wherein the wireless telecommunication system comprises a plurality of base
stations (102) and at least one computing cloud (100), wherein the plurality of
base stations are each connected to the at least one computing cloud,
wherein the computing cloud comprises a plurality of computing devices,
wherein the computing cloud is operatively coupled to the plurality of base
stations, and wherein the method comprises the following steps:
- performing (S1) time-critical operations by the plurality of base
stations;
- performing (S§2) non-time-critical operations by the at least one
computing cloud for the plurality of base stations; and
- exchanging (S3) control data between the plurality of base stations
and the at least one computing cloud;
wherein the non-time-critical operations comprise at least one of the following
operations: handover procedures, call admissions, load balancing, gathering
statistical data of cells of the wireless telecommunication system, configura-
tion management for the cells of the wireless telecommunication system, and
operations for self organizing functions of the wireless telecommunication
system, and wherein the control data is used by the computing cloud for per-
forming the non-time-critical operations, wherein the computing cloud com-
prises at least one first buffer (120), wherein each base station of the plurality
of base stations comprises at least one second buffer (122), wherein payload
data to be sent to a mobile device connected with the respective base station
is buffered in the first buffer, transmitted from the computing cloud to the re-
spective base station, buffered in the second buffer, and sent to the mobile

device.

. Method according to any one of the preceding claims, wherein the plurality of

base stations are connected to each other for data forwarding from a first

base station of the plurality of base stations to a second base station of the
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plurality of base stations.

. Method according to any one of the preceding claims, wherein a handover of

a mobile device from a source base station of the plurality of base stations to
a target base station of the plurality of base stations is initiated by the
computing cloud, wherein after initiating the handover procedure at least a
portion of the payload data is transmitted from the computing cloud to the
target base station before the mobile device is handed over to the target base

station.

. Method according to any one of the preceding claims, wherein the time-

critical operations are coding of signals to be transmitted to a mobile device,
decoding of signals received from the mobile device, and transmitting

feedback to signals received from the mobile device.

. Method according to any one of the preceding claims, wherein the wireless

telecommunication system is a system operating according to LTE, GSM, or
UMTS standards.

. Method according to any one of the claims 1-4, wherein load balancing is

performed according to LTE standards.

. Method according to any one of the claims 1-4 or 6, wherein the operations

for the self organizing functions of the wireless telecommunication system are
performed by the computing cloud, wherein the statistical data of the cells are
gathered by the computing cloud and stored in the computing cloud, wherein
the statistical data is used by the computing cloud for performing the
operations for the self organizing functions, wherein the self organizing
functions comprise at least one of:
- changing a transmission power of at least one base station of the
plurality of base stations;
- changing a cell size of at least one cell of the wireless
telecommunication system,;

- changing handover parameters for performing handovers from a
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source cell to a target cell.

8. Method according to any one of the preceding claims, wherein the plurality of

base stations are comprised by a further computing cloud, and wherein

computational operations of a first base station of the further computing cloud

can be performed by a second base station of the further computing cloud.

9. Method according to any one of the claims 1-7, wherein the plurality of base

stations comprises subgroups of base stations, wherein each subgroup

comprises a plurality of antennas and one computing unit, wherein the

computing unit performs time-critical operations concerning signals received

from the plurality of antennas.

10.A wireless telecommunication system comprising a plurality of base stations

(102) and at least one computing cloud (100), wherein the computing cloud

comprises:

means (112; 114; 116; 118) for performing non-time-critical operations
for the plurality of base stations; and

means (110) for transmitting control data to the plurality of base
stations;

means (110) for receiving control data from the plurality of base
stations;

at least one first buffer (120) for buffering payload data to be sent to a
mobile device;

means (110) for transmitting the payload data to one of the plurality of

base stations;

wherein each of the plurality of base stations comprises:

means (124; 126) for performing time-critical operations;

means (108) for transmitting control data to the computing cloud,;
means (108) for receiving control data from the computing cloud;
at least one second buffer (122) for buffering the payload data;

means (108) for sending the payload data to the mobile device.

wherein the non-time-critical operations comprise at least one of the following

operations: handover procedures, call admissions, load balancing, gathering
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statistical data of cells of the wireless telecommunication system, configura-

tion management for the cells of the wireless telecommunication system, and
operations for self organizing functions of the wireless telecommunication
system, and wherein the control data is used by the computing cloud for per-

forming the non-time-critical operations.

11.A computing cloud (100) for a wireless telecommunication system
comprising:
- means (112; 114; 116; 118) for performing non-time-critical operations
for a plurality of base stations; and
- means (110) for transmitting control data to the plurality of base
stations;
- means (110) for receiving control data from the plurality of base
stations;
- at least one first buffer (120) for buffering payload data to be sentto a
mobile device;
- means (110) for transmitting the payload data to one of the plurality of
base stations;
wherein the non-time-critical operations comprise at least one of the following op-
erations: handover procedures, call admissions, load balancing, gathering statistical
data of cells of the wireless telecommunication system, configuration management
for the cells of the wireless telecommunication system, and operations for self orga-
nizing functions of the wireless telecommunication system, and wherein the means
for performing the non-time-critical operations are adapted to use the control data

for performing the non-time-critical operations.



PCT/EP2012/053072

WO 2012/123228

1/3

gcl

90l

v0l

SOl

S| sSwQQlL swQl

sw| snApQl




WO 2012/123228 PCT/EP2012/053072
2/3

214

212

208

Fig. 2

202

102a
102b




WO 2012/123228 PCT/EP2012/053072
3/3
Fig. 3
S1
S2

S3




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/053072

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W36/02
ADD.

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

B. FIELDS SEARCHED

HOAW

Minimum documentation searched (classification system followed by classification symbols)

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

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

EPO-Internal, WPI Data, INSPEC, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A paragraph [0015]
paragraph [0033]
paragraph [0066]
paragraph [0078]
figures 3,4

X US 2011/014918 A1 (PADFIELD DAVID [GB] ET
AL) 20 January 2011 (2011-01-20)

paragraph [0019] 3
paragraph [0050]
paragraph [0072]
paragraph [0086]

1,2,4-11

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 June 2012

Date of mailing of the international search report

14/06/2012

Name and mailing address of the ISA/

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

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Puiulet, Alexandru

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/053072

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

"LTE; Evolved Universal Terrestrial Radio
Access Network (E-UTRAN); Self-configuring
and self-optimizing network (SON) use
cases and solutions (3GPP TR 36.902
version 9.3.0 Release 9)",

TECHNICAL REPORT, EUROPEAN
TELECOMMUNICATIONS STANDARDS INSTITUTE
(ETSI), 650, ROUTE DES LUCIOLES ; F-06921
SOPHIA-ANTIPOLIS ; FRANCE,

vol. 3GPP RAN 3, no. V9.3.0,

1 January 2011 (2011-01-01), XP014061819,
cited in the application

paragraph [04.6]

1-11

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

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2012/053072
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2011014918 Al 20-01-2011 GB 2455058 A 03-06-2009
US 2011014918 Al 20-01-2011
WO 2009048710 A2 16-04-2009

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




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

