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compensating network elements (300b-300g) used to compensate for the outage of said one network element, evaluating the ap -

plication of the compensation rules, and storing the optimized operating parameters in the compensation rules a s starting paramet ¬

ers for a future optimization of the compensation parameters in case of an outage of said one network element in dependence on
the evaluation.



Outage compensation in a cellular network

Technical Field

The present invention relates to a method for controlling an outage of a network element in a cellular

network and to the corresponding entity which is configured to control the outage of the network

element.

Background

In a cellular network, an outage of a network element or a cell can occur for several reasons, such as

failures in the power supply, hardware or software errors. The problem related to outages of a cell in a

cellular network has been under consideration for several years and the third Generation Partnership

Project, 3GPP, deals with this topic in the framework of self-organizing networks (SON). In a self-

organizing network, cell outage detection and compensation is part of a self-healing process as

described in 3GPP TS 32.541 .

M. Amirijoo, L Jorguseski et al. describe in an FP7 SOCRATES project in « Cell Outage Management

in LTE Networks » the difficulties that arise in detecting sleeping cell, when cells show symptoms of

malfunctioning without explicitly declaring alarm. Furthermore, there is no uniform cell outage

compensation solution to all cells, deployments and traffic scenarios. Different network operators may

have different optimization goals and network self-healing policies. The traffic and deployment

particulars of the cells and their neighbours all influence the potential of cell outage detection and

compensation.

Up to now, research has been focusing on the theory of cell outage detection and compensation. The

used methods balance between the accuracy and trigger time of detection and they are typically

based on statistics. On the other hand, the suggested compensation methods involve multivariate

optimization, which also involves a trade-off between convergence, accuracy and time. A cell outage

can be the end stage of a gradual performance degradation, but it rather happens all of a sudden.

When a cell outage occurs, the network management has to take prompt remedy actions, there is no

time to start a relatively slow optimization process, which may not even converge to full compensation.

In view of the above said, a need exists to further improve a cell outage detection and to speed up the

outage compensation.



Summary

This need is met by the features of the independent claims. Additional aspects are described in the

dependent claims.

According to a first aspect, a method for controlling an outage of a network element in a cellular

network is provided using an outage database. The outage database contains, for each of a plurality

of network elements controlled by the cellular network, at least the following network elements

dependent information: the outage database comprises first operating parameters describing an error-

free operation of the corresponding network elements. The outage database furthermore comprises

outage detection rules indicating when an outage for the corresponding network element is present.

Furthermore, outage compensation rules are provided in the outage database indicating how the

outage of the corresponding network element should be compensated, wherein the outage

compensation rules include compensation parameters to be used by compensating network elements

in order to compensate for the outage of one of the network elements. The method comprises the step

of continuously receiving current operating parameters for a plurality of network elements. Additionally,

the first operating parameters and the outage detection rules for the plurality of network elements are

updated taking into account the current operating parameters. An outage for one of the network

elements is detected by comparing the received current operating parameters to the outage detection

rules for said one network element. If an outage is detected for said one network element, the outage

compensation rules for said one network element are determined and applied. The applying of the

compensation rules includes optimizing the compensation parameters in order to calculate optimized

operating parameters for the compensating network elements used to compensate for the outage of

said one network element. The application of the compensation rules are evaluated and the optimized

operating parameters are stored in the compensation rules as starting parameters for a future

optimization of the compensation parameters in case of an outage of said one network element in

dependence of the evaluation.

With the use of the outage database, the detection of an outage of a network element is improved.

This is achieved inter alia by continuously updating the first operating parameters and the outage

detection rules taking into account the current operating parameters. Based on the current traffic

situation in the cellular network, the rules that are used to detect a non-working element are up to date

so that an operating parameter, which may be interpreted as an operating parameter for a network

element in outage, is interpreted as a network element working in an error-free way for one traffic

situation in the cellular network, whereas in another traffic situation, the same operating parameter

may confirm an actual outage of the network element. Furthermore, the outage compensation is

improved as the application of the compensation rules is evaluated and if the outcome of the



evaluation is positive, the optimized operating parameters are stored in the compensation rules as

starting operating parameters for future optimization. By way of example, the evaluation may be

positive when network parameters such as coverage, cell load, radio link failure and intercell

interference have improved after the compensation (but before the network element in outage has

recovered) compared to the situation after the outage was detected and before the compensation was

carried out. In the presently claimed method, the database learns from information learned from

previous outage situations. By way of example, the learned information can include information such

as the form of antenna beams used by the compensating network elements in order to compensate for

the outage of a cell, the used transmit power of network elements, the neighbor list or intra and inter

RAT handover margin adjustments.

According to a further aspect, a corresponding entity configured to control the outage of a network

element is provided, the entity containing the above-discussed outage database with the first

operating parameters, the outage detection rules and the outage compensation rules. A receiver of the

entity is configured to continuously receive the current operating parameters for a plurality of network

elements and a processing unit of the entity is configured to update the first operating parameters and

the outage detection rules for the plurality of network elements taking into account the current

operating parameters. The processing unit is adapted to detect an outage for one of the network

elements as discussed above, inter alia by comparing the received current operating parameters to

the outage detection rules for said one operating parameter. If the processing unit then detects an

outage for said one network element, the processing unit is configured to determine and apply the

outage compensation rules for said one network element. When the processing unit applies the

compensation rules, it optimizes the compensation parameters in order to calculate optimized

operating parameters for the compensating network elements used to compensate for the outage of

said one network element. The processing unit is furthermore configured to evaluate the application of

the compensation rules and to store the optimized operating parameters in the compensation rules as

starting parameters for a future optimization of the compensation parameters in dependence on the

evaluation.

When compensation is triggered, the main concern in most cases is if network coverage can be

reinstated. The relative number of dropped calls, data sessions and handover failures are in the focus

of performance evaluation. Then the next level of evaluation monitors the field measurements and

channel quality that are reported by the user terminals.

In case of capacity-oriented optimization, e.g. an LTE site is lost but sufficient 3G coverage exists in

the area, then the remaining active LTE cells can be focused to high-traffic areas. Then the spectral

efficiency of connections can be the input parameter to network capacity optimization.



The invention furthermore relates to a computer program comphsing program code to be executed by

at least one processing unit of the entity, wherein the execution of the program causes the at least one

processing unit to perform inter alia the above-discussed steps. Furthermore, a computer program

product comphsing the program code to be executed by the processing unit of the entity is provided.

Further features and advantages of the present invention will now be described with reference to the

accompanying drawings.

Brief Description of the Drawings

Fig. 1 schematically shows an overview over a cellular network which uses features of a self-

organizing network (SON).

Fig. 2 is a schematic block diagram of an entity controlling an outage of a network element the entity

interacting with base stations and a network planning tool.

Fig. 3 is a flowchart illustrating a detection and compensation of a network element in a cellular

network.

Fig. 4 indicates a flowchart including steps used to update an outage database used for controlling an

outage of a network element.

Fig. 5 schematically illustrates how it is confirmed that an outage occurs at a network element.

Fig. 6 schematically indicates an example how it is detected whether an outage in a network element

has occurred or not.

Fig. 7 is a flowchart illustrating steps carried out to detect an outage of a network element and to

compensate for the outage.

Fig. 8 is a schematic block diagram illustrating how other network elements compensate for the

outage of one network element.

Detailed Description of Embodiments



Features mentioned above and features yet to be explained may not only be used in isolation or in

combination as explicitly indicated, but also in other combinations. Features in the embodiments of the

present invention may be combined unless explicitly mentioned otherwise. In the following,

embodiments of the invention will be described in detail with reference to the accompanying drawings.

The drawings are to be regarded as being schematic representations, and elements illustrated in the

drawings are not necessarily shown to scale. Rather, the various elements are represented such that

their function and general purpose becomes apparent for a person skilled in the art. The connection or

coupling between functional blocks, devices, components or other physical or functional units shown

in the drawings or described herein may be implemented by a direct or an indirect connection or

coupling. A coupling between components may be established over a wireless connection or wired

connection. Functional blocks may be implemented in hardware, firmware, software, or a combination

thereof.

Fig. 1 shows part of a cellular network which is organized as a self-organizing network. The cellular

network comprises an operation support system (OSS) 10 which provides management functions

such as network configuration and fault management. The OSS 10 is in communication with a SON

manager 20, which comprises the SON function. Furthermore, the cellular network comprises a

plurality of network elements 300 such as base stations, user equipments, antennas or cells. The

network elements are managed network elements, meaning that they are managed by the cellular

network. In the embodiment shown, each base station or network element 300 has its own SON

function. Data comprising performance management (PM) data, fault management (FM) data such as

alarm events and configuration management (CM) data including events related to configuration

changes are acquired by the different network elements 300 and transmitted to OSS 10 .

The OSS 10 comprises, as shown inter alia in Fig. 2 , a network management subsystem including an

entity 100, which controls the outage of one of the network elements 300. The entity uses an outage

database 130 which is set up in the network management domain, where rules and parameters or

policies are ordered to individual cells, base stations or other managed network elements as well as to

different combinations or sets of managed network elements. The policies stored in the outage

database 130 govern outage detection and compensation, and once a failure or an outage of a

network element occurs, the relevant rules, configuration settings and parameters are looked up from

this outage database in order to promptly take remedy actions, which may resolve or mitigate the

impact of the failure or outage.

The outage database 130 is not static. The information in this database is continuously updated as

knowledge is accumulated from past measurements and from previous outage incidents to improve

both the outage detection and the compensation functions. In order to improve the detection part,



measurements of managed network elements are continuously collected in order to update the

statistics upon which the detection of an outage is based. The sensitivity of the detection is adjusted in

order to minimize the rates of false positive or false negative outage detections. The outage database

uses the information learned from previous outage situations. By way of example, the information

learned from previous outage situations may include the form of an antenna beam used for outage

compensation, transmit power. These pieces of information may be available not just for individual

services but for base stations and multi RAT sites. Moreover, an operator may prepare for outages

which may affect several network nodes at the same time. As time goes by and the observations from

the different network elements pile up, the outage detection rules and parameters indicating an outage

can be more and more specific to individual cells and traffic scenarios. Furthermore, the outage

compensation rules and compensation parameters are improved from the knowledge learned from

previous cases and the optimized outage compensation parameters for the different network elements

are stored in the outage database. The initial data of the outage database 130 can be automatically

generated, e.g. via a network planning tool 200 which prepares backup configurations for hypothetical

cell or base station failure scenarios.

The outage database comphses three major information groups.

The first group comphses the identity of the managed network elements. Furthermore, this

group may contain a set of identifications. The identification or ID may be the search key for

the database.

The second piece of information is related to outage detection such as outage detection rules

indicating when an outage for a network element is present.

The third group contains outage compensation rules indicating how the outage of the

corresponding network elements should be compensated for.

The first group including the identifications of the managed elements comphses the identities of one or

more managed elements in outage, e.g. the identification of antennas, cells or radio base stations.

The second group relating to the outage detection rules contains information related to outage

detection. This information defines the operator policies to apply for outage detection including

definition of non-operation and specific detection rules and parameters to apply. For the definition of

non-operation, first operating parameters describing an error-free operation of the network element

may be provided. Parameters or thresholds that are related to observing anomalies such as sudden

unusual changes are present, e.g. when a measured value or a KPI (Key Performance Indicator)

rapidly changes or when a certain event occurs. These first operating parameters, the measured

values and their statistics are typically seen at normal operation and help to define the acceptable



domain for the monitored measurements or KPIs. The first operating parameters can include average

daily profiles and the acceptable deviations from the profiles where the latter ones may depend on the

desired sensitivity of outage detection. The first operating parameters may also include the statistics or

measurements recorded by neighboring cells, but which are related to the network element or cell

such as the reported hand-over candidates and RSRP (Reference Signal Received Power)

measurement seen from neighboring cells.

The third group relating to the outage compensation indicates how the outage of a network element

should be compensated for. The outage compensation rules include inter alia compensation

parameters to be used by compensating network elements in order to compensate for the outage of

one of the network elements. The compensating network elements are the network elements which

are used to compensate for the outage of a network element for which an outage has occurred. This is

explained in connection with Fig. 8 . In Fig. 8 it is assumed that a cell or base station 300a is in outage

so that it cannot handle mobile traffic anymore. If a network element or a cell 300a is in outage, other

cells have to compensate for this outage, in the examples the cells 300b-300g will adapt their

parameters in such a way that the other cells 300b-300g compensate for the outage of cell 300a, e.g.

by amending the antenna configurations of the base stations or the power settings so that the

geographical region covered by cell 300a is at least partly covered by the compensating network

elements 300b-300g.

The outage compensation rules define the operation policies to apply at outage compensation

including the managed element specific rules and configuration sets. By way of example, the outage

compensation rules can include the following elements. The outage compensation rules can indicate if

the managed network element should be compensated for. By way of example, a cell providing

primary coverage is to be compensated for whereas a cell providing additional capacity may not be

compensated for. Furthermore, the information is provided for the different network elements if the

corresponding network element is allowed to compensate. In other words, a network element or cell

can be used to compensate for the outage of another cell, e.g. is the cell allowed to change its service

coverage. By way of example, indoor cell may not be allowed to compensate for outdoor cells.

Furthermore, the outage compensation rules may contain the information if intra RAT or inter RAT

compensation is recommended or not. Furthermore, the information is provided which cells take part

in the compensation, e.g. the neighboring cells. Furthermore, the outage compensation rules include

the recommended configurations for the compensating network elements such as the antenna and

power settings. Referring to Fig. 8 , this would mean that for cell 300a the information is provided how

the antenna and power settings of the other cells 300b-300g are amended in order to compensate for

the outage of cell 300a. Furthermore, the outage compensation rules include parameters of the cost

function used for optimization while the compensation is running. By way of example, the cost function



can describe a function in such a way that either the coverage of the cell in outage or the capacity of

the cell in outage should be optimized. By way of example, it may be assumed that the coverage area

of a cell in outage should be covered in an optimum way by the compensating cells. In an optimization

process, the compensating parameters such as antenna or power settings of the compensating

network elements are optimized in such a way that the best coverage is obtained even though one of

the cells is currently in outage. The above-discussed outage compensation rules can be traffic and

hour-of-the-day dependent.

Referring back to Fig. 2 , the entity 100 used for controlling the outage comprises the outage database

130 as described above. The entity 100 comprises an input/output unit 110 including a transmitter 111

and a receiver 112 . The input/output unit 110 with the transmitter 111 and the receiver 112 describe

the capability of the network element to communicate with other entities inside or outside the cellular

network, the transmitter 111 being configured to transmit information to other entities, the receiver

being configured to receive information from other entities.

A processing unit 120 is provided comprising one or more processors which are responsible for the

operation of the entity 100. The processing unit 120 can generate the commands that are needed to

carry out the above-discussed procedures of the entity 100 and of the procedures which will be

discussed in more detail below. A memory 140, such as a read-only memory, a flash memory, a

random access memory, a mass storage or the like, can store suitable program codes to be executed

by the processing unit 120 so as to implement the functionalities of the entity controlling the outage.

The entity 100 receives the current operating parameters from the network elements 300 such as the

base station. The base station 300 comprises an input/output unit 3 10 , a transmitter 3 11 and a

receiver 3 12 used for communication with other entities such as the entity 100. The transmitter 3 1 1

can be used to transmit the current operating parameters of the base station. An outage sensor 320

may be provided which, based on the current operating parameters, detects that an outage is present

and that the base station is capable of informing the entity 100 that an outage has occurred. A pre

processor 330 can pre-process the current operating parameters in order to transmit already pre-

processed data to the entity 100. By way of example, the pre-processor 330 may accumulate data

over a certain time period and may generate some statistics to be transmitted to entity 100.

Furthermore, the base station comprises a memory 340, such as a read-only memory, a flash

memory, a random access memory, a mass storage or the like, storing suitable program codes to be

executed by the pre-processor in order to implement the functionalities of the base station described

above and further below. Entity 100 can detect an outage of a network element 300 in different ways:

It can detect an alarm generated by the outage sensor 320 in the network element, based on pre-

processed data received from the pre-processor or the processor 120 of entity 100 can itself process

the received data in order to detect an outage.



Entity 100 can further communicate with a network planning tool 200 which comprises an input/output

unit 2 10 with a transmitter 2 11 and a receiver 2 12 for transmitting information to outside the network

planning tool and for receiving information from outside the network planning tool respectively. The

network planning tool may comprise a network model module 230. With the network model module

230 it is possible to simulate an outage of a managed network element for each of the network

elements, and with a compensation planning module 220 the information needed for compensation

can be generated. The network planning tool 200 is used to generate the initialization data provided in

the outage database 130 and the data generated by the network planning tool 200 are used in the

outage database 130 as initial values, before, with the use of the continuously received operating

parameters and an evaluation of the compensation rules, the database is updated.

In the following, an example is shown how the data in the outage database may look like. As

discussed above, the database comphses three major fields, the identity of the network element, the

outage detection rules and the outage compensation rules.

Record # 111

Id field :

base225-cell1

Detection field:

AND rule_daytime_on_bytes_transferred(param_threshold=50kbyte, param_timer=1 Omin)

AND rule_nighttime_on_bytes_transferred(param_threshold=50kbyte, param_timer=20min)

AND rule_handover_failure(param_neighbor=base226-

cell3,param_threshold=20%,param_timer=1 0min)

Compensation field:

AND Action_tilt_set(param_neighbor=base226-cell3,tilt=4deg)

AND Action_lnterRAT_Handover_Margin(param_cell= base225-cell2,param_threshold=1 6dB)

AND

Optimization_Capacity_and_Coverage(param_nodes=[base224,base225,base227],param_type="cov

erage_priority")

Config_Update_on_Fix(param_ nodes=[base224,base225,base227])

Rule_Update_on_Completion(param_rules=[1 11])

Record # 112 (same base station, but different cell)



Id field :

base225,base225-cell1 ,base225-cell2

Detection field:

AND rule_daytime_on_bytes_transferred(param_threshold=50kbyte, param_timer=1 Omin)

AND rule_nighttime_on_bytes_transferred(param_threshold=50kbyte, param_timer=20min)

AND rule_handover_failure(param_neighbor=base227-

celH ,param_threshold=30%,param_timer=1 0min)

Compensation field:

AND Action_tilt_set(param_neighbor=base227-cell1 ,tilt=6deg)

AND Action_lnterRAT_Handover_Margin(param_cell= base225-cell2,param_threshold=1 6dB)

AND

Optimization_Capacity_and_Coverage(param_nodes=[base224,base225,base227],param_type="cov

erage_priority")

Config_Update_on_Fix(param_ nodes=[base224,base225,base227])

Rule_Update_on_Completion(param_rules=[1 12])

Record # 113 (same base station including all of its cells)

Id field :

base225-cell2

Detection field:

AND rule_daytime_on_bytes_transferred(param_threshold=50kbyte, param_timer=5min)

AND rule_nighttime_on_bytes_transferred(param_threshold=50kbyte, param_timer=1 0min)

AND rule_handover_failure(param_neighbor=base226-

cell3,param_threshold=20%,param_timer=1 0min)

AND rule_handover_failure(param_neighbor=base227-

cell1 ,param_threshold=30%,param_timer=1 0min)

Compensation field:

AND Action_tilt_set(param_neighbor=base227-cell1 ,tilt=6deg)

AND Action_lnterRAT_Handover_Margin(param_cell= base225-cell2,param_threshold=1 6dB)



AND

Optimization_Capacity_and_Coverage(param_nodes=[base224,base225,base227],param_type="cov

erage_priority")

Config_Update_on_Fix(param_ nodes=[base224,base225,base227])

Rule_Update_on_Completion(param_rules=[1 ,1 2 ,1 3])

From the above description it can be seen that the rules in action are templates which are instantiated

with the parameters taken from the outage database and then the instantiated detection rules are

placed on a time scheduled queue. The event measurement flows from the network elements are

continuously pre-processed and the key performance indicators, KPIs or counters, are generated. By

way of example, when the rule scheduler triggers a particular rule such as one of the rules defined in

record # 111, rule_daytime_on_bytes_transferred(param_threshold=50kbyte, param_timer=1 0min)

then a KPI on the number of bytes transferred to or from base225-cell1 in the past ten minutes is

evaluated by the processing unit and the rule is scheduled again according to the time parameter.

Compound rules, which may comprise several rule instances are evaluated as soon as all rule

instances referenced are triggered. The rules may trigger the actions, which then can be revoked upon

fixing the problem or based on the evaluation of further rules, when the KPIs are back to normal level.

The learning nature of the database can be seen in the "Rule_Update_on_Completion" action, which

may be even triggered in normal circumstances, just based on the continuous evaluation of rules. The

outage database may include settings for the self-optimization procedures that are continuously

running in the cellular network. The settings are mostly high-level, policy-type switches or weights

placed in the cost function of optimization. Such switches can be:

"Switch OFF optimization=[base224,base225]" - e.g. in cases when outage cannot be compensated

for

"Capacity priority=geo-location" - e.g. in densely deployed network, where VIP customers were lost

"Coverage priority" - e.g. in case no alternative RAT available.

Coverage and capacity optimization (CCO) primarily manipulates the antenna tilts in order to provide

sufficient field strength and cell isolation at the same time. These simultaneous requirements

contradict each other, so CCO needs to find the trade-off. Even more degrees of freedom are added

to the optimization with smart antennas, where azimuth direction and potentially both elevation and

azimuth beamwidths of antennas can be electronically set. Especially in heterogeneous networks (with

mixed macro, micro and pico cells) transmit power of cells are also variable parameters in CCO.



The cost function of CCO may be a weighted sum of the KPIs mentioned earlier. The optimization may

involve several feedback loops, a loop may slowly fine-tune to improve channel quality and field

strength with small steps, while a primary loop adjusts parameters to improve the drop call and

handover related KPIs.

Fig. 6 shows an example of when an outage is detected for a network element based on the received

current operating parameters. The first operating parameter checked in the example in step S61 may

be the failure rate of a neighboring cell. If the failure rate of a neighboring cell is smaller than a first

threshold, it may be determined in step S62 that the current cell is in outage. If the failure rate of the

neighboring cell is larger than the first threshold in step S61 , it may be determined in a first step that

there is no outage. In step S63, another operating parameter is checked, by way of example the

number of attached users of the current cell. If the number of currently attached users is smaller than

a threshold, it may be determined that no outage is present (step S64). If, however, the number of

attached users is larger than a threshold, it may be determined in step S65 that the monitored cell is in

outage. Fig. 6 is an earlier example for the evaluation of the hierarchical rule set that leads to outage

detection.

In the following, it will be explained in more detail how the outage database is used for detecting an

outage. The current operating parameters are received from the network elements 300. Entity 100

monitors the cell state variables and key performance indicators such as the cell load, a radio link

failure counter, a handover failure rate, an intercell interference or the number of blocked or dropped

calls. Furthermore, measurements from mobile entities such as the Reference Signal Received

Power, RSRP, or failure reports generated by the mobile entity might be monitored. Periodically, entity

100 steps through the policy rules and compares the values of the received current operating

parameters if they are in an acceptable range. Furthermore, parameters of triggering timers explained

in more detail further below in connection with Fig. 5 and thresholds are read from the outage

database. Events are observed which may indicate a cell outage. Certain alarms received from a

network element by obviously mean an outage, but a sudden change of another parameter such as a

state variable, may also indicate a possible failure, even if the value is in an acceptable range.

Referring to Fig. 3 , the different steps carried out at the entity 100 controlling the cell outage are

explained in more detail. The steps carried out for outage detection and compensation can be

categorized in continuous operation steps, periodic operation steps and cell outage steps when an

outage has been detected. As mentioned above and as symbolized by step S30, the current operating

parameters of the network elements 300 are continuously received and it is checked based on the

acceptable ranges provided by the different operating parameters or based on a change of a variable

whether an outage is detected or not (step S31 ) . If no outage is detected in step S31 , the operating



parameters describing an error-free operation, also named first operating parameters hereinafter, are

used for network optimization and the database can be updated in step S32. By way of example, the

current operating parameters are analyzed over time and statistical values such as mean values and

standard deviations can be determined. Based on the determined statistics, the outage detection rules

indicating when an outage occurs can be updated and the received current values can be compared

to the expected values which describe a normal operation of a corresponding network element. Based

on the current situation of the network, a network optimization can be carried out. In this context, it

may happen that the network configuration changes as the traffic in the different cells changes. By

way of example, a cell load over time may be provided for the different days of a week or new network

elements may be added to the cellular network. These different pieces of information can be used to

update the models used in the network planning tool 200 in step S33 and the network may be planned

in step S34. The network plan describing the exact location of the different network elements and their

interaction can be generated and updated in step S34. As can be deduced from Fig. 3 , steps S33 and

S34 can be performed at regular intervals. Based on the models and on the planned network, it is

possible to plan the outage compensation for the different network elements.

As described above inter alia in connection with Fig. 8 , it has to be determined whether an outage of a

network element is compensated for and if the outage should be compensated for which

compensating elements to compensate for the outage of one of the network elements. Referring to the

embodiment of Fig. 8 , this means that for each of the network elements it is determined which network

elements are used, such as network elements 300b-300g in order to compensate for an outage of

network element 300a. The outage compensation configuration generated in step S35 including the

outage compensation rules are then fed into the outage database 130. In the embodiment shown in

Fig. 8 , the coverage of each base station may be increased in order to also cover the area covered by

the base station in outage 300a.

If an event is detected in step S31 , the outage compensation rules which can be applied are detected.

To this end, the outage compensation rules are identified for the network element in outage before the

compensating parameters at these compensating network elements can be used. The original

configuration for the compensating network elements are stored in step S36 so that they can be re

introduced after the outage compensation is completed and the network element in outage has

recovered. In this step S37, the outage compensation rules are read from the outage database, the

compensation rules are applied and the compensation parameters are set accordingly. Furthermore, it

is possible to notify any real-time coverage and capacity optimization loop that the cells in outage and

the cells designated for compensation are not available for optimization. The compensating network

elements are adapted based on the compensation parameters and in step S38, the network

optimization is carried out in such a way that the compensating network elements are optimized that



e.g. either the coverage or the capacity or the coverage and the capacity are optimized with the cost

function stored in the database 130. In step S39 it is then checked whether the network element for

which the outage has been detected has been fixed . As long as the network element in outage is

under repair, the optimization can be carried out. If it is detected in step S39 that the network element

in outage has been repaired, the optimized compensating parameters determined with the

optimization of the cost function can be stored as new compensating parameters in the database 130.

These newly optimized compensating parameters can be used as starting values in a future outage of

the same network element (step S40). In step S41 the original configurations stored in step S 36

before the outage compensation can be re-stored in the compensating network elements. Furthermore

it is possible to notify any real-time coverage and capacity optimization loop that the cell or cells in

outage and the cells used for compensation are available again. The storing of the optimized

compensation parameters may only be carried out after a verification step in which it is checked

whether the network has improved after the cell in outage has recovered. By way of example the

coverage and capacity optimization (CCO) described above may be carried out. If it is determined in

the verification step that the situation has not improved, the optimized parameters are not stored in the

database.

In the following, the initialization of the outage database will be shortly explained. The outage

detection rules or outage detection policy including the parameters and definitions of the normal

operation are set together with the specific outage detection rules and parameters, wherein these

outage detection rules are specifically set for each managed network element. Using the network

planning tool, it is possible to simulate the outage of each of the network elements for each cell or

base station node or set of nodes. Furthermore, it is possible to examine various traffic and user

mobility scenarios based on a simulation. Using the results of the simulation, the other nodes or

network elements can be identified which are needed as compensating elements together with their

compensating parameters. The basic compensation configuration is extracted from the simulator

module and the parameters are stored in the outage database as compensation parameters which are

recalled in case of an outage.

The maintenance of the outage database can be continuously updated by monitoring the network

element specific variables in real time and to update the statistics such as mean values and standard

deviation carried out on the operating parameters or variables. Furthermore, trends may be analyzed

and the daily profile models and policies may be updated accordingly in order to reflect the latest

current operating parameters. The details measurements may be stored only at the node itself and at

a temporary way and only pre-processed and/or compressed data pre-processed by pre-processor

330 may be sent periodically to the outage database. In another embodiment, the analysis and

processing of the current operating parameters is carried out at the entity 100. The received data may



be accumulated over the users seen at the correspondi ng network element. The outage compensation

rules and the parameters and configuration settings stored in the outage database emphasize the

latest observations from the network and they are customized to individually managed network

elements as more and more measurements and events are collected.

Fig. 4 summarizes how the outage database 130 is updated. The cellular network 10 symbolized by

the module shown in Fig. 4 provides events and measurements such as the current operating

parameters, the operating parameters including performance measurement data such as KPI and/or

configuration parameters. The current operating parameters are collected in step S45. Based on the

collected information, statistical values can be calculated, e.g. in dependence on time. This collection

step helps to improve the first operating parameters in the outage database and in step S46, the

decision rules can be updated in order to reflect the changing current operating parameters. By way of

example, when a traffic at a network element heavily increases, the outage detection rules need to be

adapted in order to detect when a very high load or very low load is an indicator for an outage. Based

on the detection rules, it is checked whether an outage is detected as discussed above in connection

with Fig. 3 . In step S47, an evaluation of the outage detection rules and of the outage compensation

rules can be carried out. By way of example, when the network performance of the cellular network

has improved after the application of the compensating parameters compared to the situation before

the compensating parameters have been applied, the optimized operating parameters of the

compensating elements can be stored and used for future outage compensation of the same network

element. Furthermore, the outage detection rules may be evaluated. For the evaluation of the outage

detection rules, it may be checked whether other operating parameters or an operating status of the

network element indicates an outage. If the outage is confirmed, the outage detection rules, which led

to the detection of the outage, may be amended in such a way that the validity of the outage detection

rule is increased. Based on the evaluation step S47, the entity 100 learns about the validity of the

outage compensation rules and the outage detection rules in step S48. This information is fed into the

database 130 where the outage compensation rules and the outage detection rules can be amended

accordingly. This information is then also used in the collection step S45 and decision step S46, where

it is decided whether an outage is detected or not and whether or how the outage should be

compensated for.

Anytime an outage sensor triggers, the triggers can be validated by observing the cell state after the

t gger and before any remedy action is taken. If the outage t gger is valid, then there should be not

traffic seen in the cell for the following period of time. The validation can be done in different ways,

either by observing a significant decrease in the carried traffic, a certain time period after the thgger,

by detecting an alarm from the node that unambiguously indicates lack of service or by detecting

continuous outage triggers coming from the node.



Fig. 5 shows an example for this embodiment when a sleeping cell trigger is received at the entity 100

for the first time during a detection time 50. In order to build statistics, an appropriately large sample

population is needed. Events and measurements connected to user terminals make up the sample

population, and one needs to wait for a while to gather enough samples or to conclude that an outage

in lack of receiving any events or measurements is detected. So the detection time depends on the

normally expected rate of event/measurement inflow, which can be learnt and customized to

monitored network elements. The cell state after the trigger is observed. In the example shown in Fig.

5 , the sleeping triggers such as sleeping triggers 52, 54 and 55 are continuously received. When it is

received the first time, time period 5 1 is used to validate whether an outage has occurred for this cell

or network element. In the example shown, a fault management alarm 53 is received in this time

period which would confirm the outage. By setting the time period 5 1 or trigger time, the sensitivity of

the outage detection can be influenced. It mainly depends on the type of detection rule what type of

validation is applied. The validation methods can be formulated as set of rules, e.g. involving traffic

and user counters and watchdog timers with custom, cell and hour-of-the-day specific durations.

Furthermore, it is possible, if the validity of the trigger is verified and confirmed, that the corresponding

detection rule which led to the detection of the outage can be reinforced, e.g. by increasing a score

value of the corresponding outage detection rule. If the validity of the trigger turns out to be false, then

the sensitivity settings of the corresponding detection rules can be updated, e.g. by increasing or

decreasing the threshold and the rules.

The update of the outage compensation rules and policies in the outage database can include the

following steps:

Any time a cell outage compensation is performed and the remedy actions and configuration are

further optimized, the changes can be evaluated and validated and, if necessary, the stored policies

and configurations updated with the involved network elements in the outage database accordingly. If

the measured operating parameters have improved after the adjustment of the remedy actions and

configurations, then the remedy action in the database can be updated to the new settings resulting

from the adjustments of the remedy configuration. If the KPIs operating parameters degraded after the

adjustment of the remedy action, the original rules and configuration settings are kept in the database.

Furthermore, when the network is updated or modified, e.g. when cells and radio base stations are

added or removed, the relevant part of the database should be updated as well.

As can be deduced from Fig. 2 above, the measurement and event logs are stream transferred to a

central node or entity 100 that is responsible for the outage detection and compensation functionality.

The data storage and processing logic is implemented centrally and may be part of the OSS/NMS



(Network Management System). When the entity 100 is part of the OSS/NMS, then the latter can be in

full control of outage detection and compensation. However, it should be understood that the entity

100 need not necessarily be part of the OSS or NMS. It can also be implemented as a separate new

node in the cellular network.

The processing logic for outage detection may be partially implemented in the network elements 300

such as the radio base stations or may be contained in the entity 100. Instead of forwarding all

measurements and events to the entity 100, e.g. OSS or NMS, the base station 300 can pre-process

the measurements and events and it generates statistics and applies thresholds when triggering

warnings. The policies and logic in the base station 300 are still managed by a central or regional

node which has a regional view of the services and access technologies of the local area. As

discussed above in connection with Fig. 3, the outage database can be created at the time of network

planning and rollout. It contains the node configuration for non-operation and it initially also contains

general policies for cell outage detection and compensation. These policies are then made cell

specific and traffic specific by the aid of the radio network planning tool, including the network model

module 230.

Fig. 7 summarizes the control of an outage according to one embodiment.

In step S70, the current operating parameters are continuously received and based on these

parameters, the outage detection rules can be updated together with the first operating parameters

which indicate an error-free use of a corresponding network element (step S71 ) . If in step S72 an

outage is detected based on the current operating parameters and the outage detection rules, the

outage compensation rules for the network elements for which the outage was detected can be

determined and applied in step S73. The application of the outage compensation rules includes the

calculation of optimized operating parameters used for the compensation. The result of the application

of the compensation rules is then evaluated in step S74 and if the situation after the outage

compensation has not degraded but improved, the optimized operating parameters may be stored in

the compensation rules in step S75.

From the above discussion of the invention, some general conclusions can be drawn:

The received current operating parameters for one network element can be analyzed over time in

order to determine a range of the first operating parameters for which an error-free operation of said

one network element is assumed. The range of the first operating parameters is then adapted based

on the received current operating parameters.



ln this context, it is possible to detect an outage for said one network element when at least one of the

current operating parameters is outside the determined range. Furthermore, an outage may be

detected when at least one of the current operating parameters changes for a defined time period by

more than a threshold. When one of the measured operating parameters or KPI changes rapidly, this

may be an indication of an outage.

The compensation rules can furthermore include information whether, when an outage is detected for

one of the network elements, the outage of said one network element should be compensated for or

not. Furthermore, the compensation rules can include information whether said one network element

can be used as compensating network element. By way of example, a cell providing additional

capacity in a cellular network may not be compensated for in case of an outage, whereas a cell

providing primary coverage needs to be compensated for. Furthermore, it is possible that a cell may

not be allowed to change its service coverage or an indoor cell may not be allowed to compensate for

an outdoor cell and vice versa.

The outage detection for said one network element can comprise the following steps. The

compensating network elements used to compensate for the outage of said one network element are

identified, the currently used operating parameters of the compensating network elements are stored

and the compensating network elements are configured using the compensation parameters stored in

the outage database for said one network element. Furthermore, the optimized operation parameters

for the compensating network elements are calculated. When the outage is overcome, the

compensating network elements are reconfigured with the stored operating parameters and the

calculated optimized operating parameters are stored for said one network element for a future outage

of said one network element. Preferably, the storing of the optimized operating parameters can be

carried out only after an evaluation of the situation is positive. One might use two configurations and

CCO instances to be stored in the database. The normal operation, when a network configuration is

present, which is slowly optimized by a CCO instance which is characterized by a set of actuator

variables and goal function parameters. Furthermore the outage compensating configuration of the

network segment and a related CCO instance is present, which go in place when the outage

compensation is activated. If the outage lasts long enough then the related CCO instance can improve

the compensation configuration and can also lead to updated detection rules, which are also stored in

the outage database.

Furthermore, it is possible that when the outage for one of the network elements is detected to

validate an operating status of said one network element for which the outage was detected. If the

outage for said one network element is confirmed by the operating status, a validity of the detection

rule that was used to identify the outage can be increased. Furthermore, when an outage is detected



for said one network element, a timer is initialized for said one network element and it is checked

within a time period defined by the timer whether another of the outage detection rules indicates and

outage of said one network element. Only when another of the outage detection rules indicates an

outage of said one network element, the outage of said network element may be finally determined or

confirmed and a validity of an outage compensation rule can be increased.

Observations from the regular daily operation (the current operating parameter) provides input to

network optimization and consequently leads to cell and traffic specific statistics, which allow the fine-

tuning of policies stored in the outage database. The measurements can also be fed into a radio

planning tool which can re-plan the outage compensation actions defined in the outage compensation

rules.

When an outage occurs in the network, the remedy actions of outage compensation are taken from

the outage database and the performance of outage compensation is evaluated. The latest, optimized

detection and compensation setting drawn from real-life outage cases, lead to improved policies in the

database. The present invention provides a central or at least regional control of the outage detection

and compensation. This is necessary as several node or even different RATs are typically involved in

outage compensation. Some of the processing can also be performed locally, either in the network

elements such as the base stations 300 or the network planning tool 200. In this case, the outage

sensors are measurements and event pre-processors in the network elements and the parameters

and configuration are downloaded from the central entity 100 which employs the outage database as

accumulated expert knowledge.

The present outage compensation and the detection uses an outage database which accumulates all

the operator / traffic and cell-specific knowledge about outages in a particular cellular network or part

of a network. This database is continuously and real-time enhanced with information learned from the

daily network operations and it speeds up the remedy actions that need to be done in order to recover

from failures of network elements.



Claims

1. A method for controlling an outage of a network element (300) in a cellular network (40) using an

outage database ( 130), the outage database containing for each of a plurality of the network elements

(300) controlled by the cellular network at least the following network element dependent information:

first operating parameters describing an error free operation of the corresponding network element,

outage detection rules indicating when an outage for the corresponding network element is present,

outage compensation rules indicating how the outage of the corresponding network element should be

compensated, the outage compensation rules including compensation parameters to be used by

compensating network elements (300b-300g) in order to compensate for the outage of one of the

network elements (300a), the method comprising the steps of:

- continuously receiving current operating parameters for a plurality of network elements (300),

- updating the first operating parameters and the outage detection rules for the plurality of network

elements taking into account the current operating parameters,

- detecting an outage for one of the network elements by comparing the received current operating

parameters to the outage detection rules for said one network element, wherein if an outage is

detected for said one network element,

- determining and applying the outage compensation rules for said one network element

(300a), wherein applying the compensation rules includes optimizing the compensation parameters in

order to calculate optimized operating parameters for the compensating network elements (300b-

300g) used to compensate for the outage of said one network element,

- evaluating the application of the compensation rules, and

- storing the optimized operating parameters in the compensation rules as starting parameters

for a future optimization of the compensation parameters in case of an outage of said one network

element in dependence on the evaluation.

2 . The method according to claim 1, wherein the received current operating parameters for said one

network element (300a) are analyzed over time in order to determine a range of the first operating

parameters in which an error free operation of said one network element is assumed, wherein the

range of the first operating parameters is adapted based on the received current operating

parameters.

3 . The method according to claim 2 , wherein an outage is detected for said one network element

(300a) when at least one of the current operating parameters is outside the determined range or when

a value of at least one of the current operating parameters changes over a defined time pe od by

more than a threshold.



4 . The method according to any of the preceding claims, wherein the compensation rules include

information whether, when an outage is detected for one of the network elements, the outage of said

one network element (300a) should be compensated for at all or not, and information whether said

one network element can be used as compensating network element.

5 . The method according to any of the preceding claims, wherein the outage detection for said one

network element comprises:

- identifying the compensating network elements (300b-300g) used to compensate for the outage of

said one network element,

- storing the currently used operating parameters of the compensating network elements (300b-300g),

- configuring the compensating network elements (300b-300g) using the compensation parameters

stored in the outage database for said one network element,

- calculating the optimized operating parameters for the compensating network elements (300b-300g),

wherein when the outage of said one network element is overcome, the compensating network

elements are reconfigured with the stored operating parameters and the calculated optimized

operating parameters are stored for said one network element for a future outage of said one network

element (300a) an evaluation of the application of the optimized operating parameters is positive.

6 . The method according to any of the preceding claims, wherein when the outage for one of the

network elements is detected, an operating status of said one network element (300a) is validated

after the outage is detected, wherein if the outage of said one network element is confirmed by the

operating status, a validity of the detection rule that was used to identify the outage is increased.

7 . The method according to any of the preceding claims, wherein the outage database ( 130) is

initialised by simulating the outage of different network elements in the cellular network using a radio

planning tool (200), wherein the compensating network elements (300b-300g) and the initial

compensation parameters are identified based on the simulation.

8 . The method according to any of the preceding claims, wherein when a outage is detected for said

one network element (300a) a timer is initialized for said one network element and it is checked within

a time pe od defined by the timer whether another of the outage detection rules indicates an outage of

said one network element (300a), wherein only when another of the outage detection rules indicates

the outage of said one network element, the outage of said one network element (300a) is determined

and a validity of the outage compensation rule is increased.



9 . An entity ( 100) configured to control an outage of a network element in a cellular network,

comprising:

- an outage database ( 130) containing for each of a plurality of the network elements controlled by the

cellular network at least the following network element dependent information:

- first operating parameters describing an error free operation of the corresponding network

element,

- outage detection rules indicating when an outage for the corresponding network element is

present,

- outage compensation rules indicating how the outage of the corresponding network element

should be compensated, the outage compensation rules including compensation parameters to be

used by compensating network elements (300b-300g) in order to compensate for the outage of one of

the network elements (300a),

- a receiver configured to continuously receive current operating parameters for a plurality of network

elements,

- a processing unit ( 120) configured to update the first operating parameters and the outage

detection rules for the plurality of network elements taking into account the current operating

parameters, wherein the processing unit is configured to detect an outage for one of the network

elements by comparing the received current operating parameters to the outage detection rules for

said one network element (300a), wherein if the processing unit ( 120) detects an outage for said one

network element, the processing unit is configured to determine and apply the outage compensation

rules for said one network element (300a), wherein the processing unit, when applying the

compensation rules is configured to optimize the compensation parameters in order to calculate

optimized operating parameters for the compensating network elements (300b-300g) used to

compensate for the outage of said one network element, to evaluate the application of the

compensation rules, and to store the optimized operating parameters in the compensation rules as

starting parameters for a future optimization of the compensation parameters in dependence on the

evaluation.

10 . The entity ( 100) according to claim 9 , wherein the processing unit ( 120) is configured to analyze

the received current operating parameters for said one network element (300a) over time in order to

determine a range of the first operating parameters in which an error free operation of said one

network element (300a) is assumed, wherein the processing unit is adapted to adapt the range of the

first operating parameters based on the received current operating parameters.

11. The entity according to claim 9 or 10 , wherein the processing unit ( 120) is configured to detect an

outage for said one network element (300a) when at least one of the current operating parameters is



outside the determined range or when a value of at least one of the current operating parameters

changes over a defined time period by more than a threshold.

12 . The entity according to any of claims 9 to 11, wherein, when the outage for one of the network

elements (300a) is detected, the processing unit ( 120) is configured to validate an operating status of

said one network element (300a), wherein if the outage of said one network element is confirmed by

the operating status, the processing unit increases a validity of the detection rule that was used to

identify the outage.

13 . A computer program comprising program code to be executed by at least one processing unit

( 120) of an entity ( 100) of a cellular network (40), wherein execution of the program causes the at

least one processing unit ( 120) to perform steps of a method according to any one of claims 1 to 8 .

14. A computer program product comprising program code to be executed by at least one processing

unit of an entity ( 100) of a cellular network wherein execution of the program causes the at least one

processing unit ( 120) to perform steps of a method according to any one of claims 1 to 8 .
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