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METHOD AND APPARATUS FOR MITIGATING CELL OUTAGE

Technical Field of the Invention

The present invention generally relates to wireless communication systems, and

particularly relates to mitigating cell outage and managing neighbor lists in wireless

communication systems.

Background

A wireless communication system for communicating with mobile stations is typically

divided up into a plurality of cells. While a mobile station is in one cell, it is common for the

mobile station to monitor channels belonging to other nearby cells, particularly in anticipation of

being handed-off to another cell. Typically, the mobile station does not monitor all possible

channels, but instead monitors the channels on a so-called neighbor list. This neighbor list is

typically provided to the mobile station on the control channel of a current cell by the base

station serving that cell. Thus, each base station transmits a neighbor list to the mobile stations

that are using that cell, based on a stored neighbor list for that cell. As cells are added or

deleted, the contents of the stored neighbor lists need to be updated to reflect the new

arrangements, so that the mobile stations are provided with correct neighbor list information.

Moreover, cells may become disabled for various reasons such as hardware failure, power

failure, low power supply, etc. Lengthy cell outages disrupt network services unless mitigated.

Summary

According to the methods and apparatus taught herein, cell outage within in a wireless

communication network is mitigated automatically. This way, neither manual operator

intervention nor manual base station reconfiguration is needed to cover disabled cells. The

quality of wireless services provided by the network improves when cell outage is automatically

mitigated. Cell outage is mitigated by monitoring cell activity and automatically communicating

cell status messages based on the monitoring results. The cell status messages are

communicated to radio base stations serving the cells and indicate whether there are any

problematic cells within the network. Base stations that receive these messages use them to

determine whether the coverage area of one or more of their preexisting cells can be modified

to cover problematic neighbor cells identified in the message. The coverage area of a

preexisting cell can be modified to cover a problematic cell by adjusting antenna position or

increasing cell transmit power. Either way, the cell status messages may be automatically

communicated within the node that controls the base stations such as within the node controlled

by a radio network controller in a Wideband CDMA (WCDMA) environment. Alternatively, the

base stations may send cell status messages directly between each other over an interface

interconnecting the base stations such as the X2 interface. The inter-base station interface can

also be used to send messages directly between the base stations indicating the addition of

new cells or the deletion of preexisting cells.



In one embodiment, cell outage is mitigated in a wireless communication network by

automatically communicating cell status messages between radio base stations or within a node

that controls the radio base stations. The cell status messages indicate whether one or more

cells within the network are currently disabled or expected to be disabled. The coverage area of

one or more preexisting cells within the network is modified to cover those cells which are

currently disabled or expected to be disabled as indicated by the cell status messages.

Of course, the present invention is not limited to the above features and advantages.

Those skilled in the art will recognize additional features and advantages upon reading the

following detailed description, and upon viewing the accompanying drawings.

Brief Description of the Drawings

Figure 1 is a block diagram of an embodiment of a wireless communication network

including multiple radio base stations.

Figure 2 is a block diagram of another embodiment of a wireless communication network

including multiple radio base stations.

Figure 3 is a logic flow diagram of an embodiment of processing logic for automatically

mitigating cell outage in the wireless communication networks of Figures 1 and 2.

Figure 4 is a logic flow diagram of an embodiment of processing logic for generating a

cell status message indicating cell outage in a wireless communication network.

Figure 5 is a block diagram of an embodiment of a cell status message indicating cell

outage in a wireless communication network.

Figure 6 is a block diagram of another embodiment of a cell status message indicating

cell outage in a wireless communication network.

Figure 7 is a logic flow diagram of an embodiment of processing logic for processing a

cell status message indicating cell outage in a wireless communication network.

Figure 8 is a block diagram of an embodiment of the wireless communication network of

Figure 1 after cell coverage has been modified to mitigate cell outage.

Figure 9 is a block diagram of an embodiment of the wireless communication network of

Figure 2 after cell coverage has been modified to mitigate cell outage.

Figure 10 is a block diagram of an embodiment of a message indicating a new cell has

been added within the wireless communication network of Figure 1.

Figure 11 is a block diagram of an embodiment of a message indicating a preexisting

cell has been deleted within the wireless communication network of Figure 1.

Detailed Description

Figure 1 illustrates an embodiment of a wireless communication network 100 including

multiple radio base stations 110. According to this embodiment, the base stations 110 are

interconnected to each other via an interface 120 such as the X2 interface which enables the

base stations 110 to directly communicate with each other. Each base station 110 is also

coupled to an Evolved Packet Core (EPC) network 130, e.g., corresponding to the System



Architecture Evolution (SAE) architecture of 3GPP's Long Term Evolution (LTE) wireless

communication standard. The base stations 110 are coupled to the EPC network 130 via any

suitable interface 140 such as the S 1 interface. The base stations 110 manage radio resources

while the EPC network 130 provides higher-layer functionality such as managing control plane

and user contexts and managing mobility for legacy systems (e.g., 2G/3G) and LTE systems.

Figure 2 illustrates another embodiment of the wireless communication network 100

where the radio base stations 110 operate under control of a radio network controller 200 as is

commonly done in a WCDMA environment. According to this embodiment, inter-base station

communication is facilitated by the radio network controller 200. Thus, the base stations 110 do

not directly communicate with each other.

In either embodiment, each base station 110 provides wireless services to a particular

region of the wireless network 100. Each region is further segmented into cells 150, each cell

150 covering a particular area within the wireless network 100. For illustrative purposes only, a

first radio base station RBS1 services cells C1 1, C
1-2

and C
1 3

. A second radio base station

RBS2 services cells C
2 1

, C2 2 and C2 3. A third base station RBS3 services cells C3 1, C3.2 and

C3.3. Of course, the wireless network 100 may include any number of radio base stations 110,

each servicing any number of cells 150. Seamless wireless services can be provided to mobile

stations (not shown) moving throughout the wireless network 100 by handing-off the mobile

stations between cells 150 (i.e., softer handoff) and between base stations 110 (i.e., soft

handoff) as is well known in the art so long as cell outages are adequately mitigated.

Cell outage is mitigated in the wireless network 100 without requiring manual operator

intervention or manual base station reconfiguration, thus improving the quality of wireless

services provided by the network 100. To this end, operational status of the cells 150 is

routinely monitored by the base stations 110. Cell status messages indicating cell operational

status are automatically generated and communicated to the base stations 110, e.g., as

illustrated by Step 300 of Figure 3. For the embodiment illustrated in Figure 1, cell status

messages are directly sent between the base stations 110 over the inter-base station interface

120 (e.g., the X2 interface). For the embodiment illustrated in Figure 2, cell status messages

are communicated within the node that controls the base stations 110 such as within the node

controlled by the radio network controller 200. Either way, the cell status messages indicate

whether one or more cells 150 within the network 100 are currently disabled or expected to be

disabled. The coverage area of one or more preexisting cells 150 within the network 100 can

be modified without manual operator intervention to cover those cells 150 which are currently

disabled or expected to be disabled as indicated by the cell status messages, e.g., as illustrated

by Step 302 of Figure 3. Automatically mitigating cell outage reduces the likelihood of wireless

service interruptions, improving mobile user experience.

In more detail, each radio base station 110 monitors whether any cell 150 serviced by

the radio base station 110 is currently disabled or expected to be disabled, e.g., as illustrated by



Step 400 of Figure 4. A cell 150 may be disabled or become disabled for various reasons. For

example, some types of hardware failures within a radio base station may immediately cause

cell outage while other hardware failure types eventually result in cell outage. Base station

power failure also causes cell outage as do low power supplies. The radio base stations 110

monitor these conditions and/or other conditions to determine whether cell outage has occurred

or is expected to occur.

Cell status messages are automatically generated based on the monitoring results, e.g.,

as illustrated by Step 402 of Figure 4. The cell status messages indicate whether a particular

cell or cells 150 is currently disabled or expected to be disabled. Depending on the network

architecture, cell status messages are directly communicated between the base stations 110

(Figure 1) or communicated within the node that controls the base stations 110 (Figure 2), e.g.,

as illustrated by Step 404 of Figure 4. The base stations 110 determine whether they can

modify their preexisting cell coverage area to service problematic cells as indicated by the cell

status messages. This way, manual operator intervention is not needed to report bad cells or

mitigate cell outage. Instead, cell outage is automatically mitigated using the cell status

messages.

Figure 5 illustrates one embodiment of a cell status message. According to this

embodiment, the cell status message includes a cell ID field 500, a cell position field 502 and a

cell status field 504. The cell ID field 500 identifies a particular cell or cells. For example, a

status message generated by the first radio base station RBS1 may contain a cell ID for cell

C1 1, Ci,2 and/or Ci
-3

. The cell position field 502 provides position information such as latitude,

longitude and direction for each identified cell. The cell status field 504 indicates the operational

status of the identified cells, i.e., whether the cells are enabled, disabled or expected to be

disabled. In one embodiment, the cell status field 504 is a one bit field which is set when a cell

150 is currently disabled or expected to be disabled. Otherwise, the one-bit status field is not

set to indicate cell operability.

Figure 6 illustrates another embodiment of a cell status message. According to this

embodiment, the cell status message includes the cell ID, position and status fields 500, 502,

504 illustrated in Figure 5 and described above. The cell status message shown in Figure 6

also has an additional field 600 listing one or more cells 150 that neighbor the cells identified in

the message. For example, a status message generated by the first radio base station RBS1

may identify cell C12 in the cell ID field 500. The neighbor cell field 600 identifies all cells that

neighbor cell Ci,2, e.g., cell C2,i. In one embodiment, the neighbor cell information is derived

from the neighbor cell list maintained by each radio base station 110. This way, the message

not only identifies a cell, its position and operational status, but also indicates which neighbor

cells may be able to assist a problematic cell. A base station 110 then interrogates the neighbor

cell field 600 to determine whether the base station 110 serves any of the listed neighbor cells.



Regardless of the type of cell message employed, the messages are communicated to

and received by the radio base stations 110, e.g., as illustrated by Step 700 of Figure 7. Each

base station 110 attempts to identify one or more of its preexisting cells 150 having a coverage

area capable of being modified to at least partially cover one or more problematic cells identified

in the status message, e.g., as illustrated by Step 702 of Figure 7. In one embodiment, the

base station 110 processes the cell status message of Figure 5. The cell status field 504 is

inspected to determine whether one or more of the identified cells is currently disabled or

expected to be disabled. If so, the base station 110 extracts position information from the cell

position field 502. The base station 100 uses the cell position information to determine whether

one or more of its preexisting cells has a coverage area capable of being modified to at least

partially cover any of the problematic cells.

In one embodiment, the base station 110 analyzes predetermined cell configuration

information for the wireless network 100. This information is typically manually determined

during the network planning stages and identifies the location of each cell 150 within the

network 100. The base station 110 can use this information to determine whether one of its

preexisting cells 150 can be modified to cover any identified problematic cells. In another

embodiment, the base station 110 analyzes cell position data extracted from the cell position

field 502.

Either way, the base station 110 determines whether it can help mitigate cell outage. If

so, the base station 110 modifies the coverage area of one or more of its preexisting cells 150

to at least partially cover the problematic cell, e.g., as illustrated by Step 704 of Figure 4. In one

embodiment, the cell coverage area is re-shaped by adjusting the position of one or more cell

antennas (not shown) to cover the problematic cell. In another embodiment, cell coverage area

is expanded by increasing the cell transmit power. Regardless, one or more preexisting cells

150 fill-in for a problematic neighbor cell when the neighbor cell is disabled or expected to be

disabled as indicated by a cell status message.

Figure 8 illustrates the wireless network embodiment of Figure 1 after the first radio base

station RBS1 modifies the coverage area of cell C13 to at least partially cover neighbor cell C
3 3

.

Cell C3.3 has been disabled or is expected to be disabled as indicated by a cell status message.

Figure 9 similarly illustrates the wireless network embodiment of Figure 2 after the first radio

base station RBS1 modifies the coverage area of cell C12 to at least partially cover problematic

neighbor cell C2 1. The coverage area of the other cells 150 may also be modified to mitigate

the cell outage. That is other cells 150 serviced by the same or different base stations 110 may

be modified to help cover any problematic cell.

The coverage area of each preexisting cell 150 whose coverage area was previously

modified to mitigate cell outage is returned back to its original area responsive to a subsequent

message indicating re-enablement of the problematic neighbor cell. For example, cell C
1-3

is

returned to its original size as shown in Figure 1. Cell C1 is likewise returned to its original size



as shown in Figure 2. This way, cell outage is automatically mitigated without having to add

cells to cover problematic cells and then subsequently delete the extra cells when the

problematic cells are re-enabled. However, during the normal course of network operation, cells

may be routinely added and/or deleted for other reasons, e.g., as the network expands and

changes.

The inter-base station interface 120 (e.g., the X2 interface) of Figure 1 can be used to

exchange cell addition / deletion messages directly between the radio base stations 110. In one

embodiment, a new cell (not shown) is added to one of the radio base stations 110. The base

station 110 determines whether one or more preexisting cells 150 serviced by a neighbor radio

base station 110 qualify as a neighbor to the newly added cell. If so, the neighbor base station

110 is notified via a message communicated over the inter-base station interface 120 that the

new cell may qualify as a neighbor to one or more preexisting cells 150 serviced by the

neighbor base station 110.

For illustrative purposes only, new cell C
1 4

(not shown) may be added to the first radio

base station RBS1 in Figure 1. In response, the first base station RBS1 determines whether

one or more preexisting cells 150 serviced by the second and third base stations RBS2 and

RBS3 qualify as a neighbor to new cell Ci 4. That is, the first base station RBS1 determines

whether any of cells C2.i, C2,2. C2,3, C3 1l C3,2 and/or C3,3 qualify as a neighbor to cell Ci.4. The

first base station RBS1 may use its neighbor cell list or the predetermined cell configuration

information for the wireless network 100 to determine whether any possible neighbor cell

relationships exist. The first base station RBS1 can then evaluate potential neighbor cell

relationships during a trial period, e.g., by evaluating handover statistics. If one or more

neighbor cell relationships are confirmed during the trial period, the first base station RBS1

sends a message to the second and/or third base stations RBS2 / RBS3 notifying them that cell

C14 may qualify as a neighbor to cells 150 serviced by those base stations 110. In another

embodiment, the trial period can occur after the second and/or third base stations RBS2 / RBS3

have been updated with the new cell C14. Handovers between the new cell C1,4 and cells in the

second and/or third base stations RBS2 / RBS3 can then be measured during the trial period to

determine whether a neighbor cell relationship should be maintained with the new cell C14.

Figure 10 illustrates an embodiment of a new cell message communicated between the

radio base stations 110 for indicating the addition of a new cell. A first field 1000 identifies the

newly added cell. A second field 1010 identifies possible neighbor cells for the new cell. In one

embodiment, the second field 1010 includes the results of the trial period evaluation discussed

above. A third field 1020 contains other optional information. A base station 110 that receives

such a new cell message determines whether one or more of its preexisting cells 150 qualify as

a neighbor to the new cell identified in the message, e.g., by evaluating the cells identified in the

second field 1010. The receiving base station 110 can perform an evaluation similar to that

performed by the sending base station 110, e.g., by evaluating handover statistics during a trial



period. If one or more of its cells 150 qualify as a neighbor cell, the base station 110 updates its

corresponding neighbor cell list with the appropriate information.

A similar message scheme is employed when a cell is deleted. For illustrative purposes

only, again consider cell C
1 4

which was previously added to the first radio base station RBS1 in

Figure 1. If cell C14 is subsequently deleted, the first base station RBS1 deletes the neighbor

cell list associated with cell C1.4. The first base station RBS 1 also sends a delete cell message

over the inter-base station interface 120 to the base stations 110 servicing cells 150 that were

neighbors to cell C
1

before it was deleted. This way, the neighbor base stations 110 are

notified that cell C
1-4

is no longer available as a neighbor cell.

Figure 11 illustrates an embodiment of a delete cell message communicated between

the radio base stations 110 for indicating the deletion of a cell. A first field 1100 identifies the

deleted cell. A second optional field 1110 contains other information. A base station 110 that

receives such a delete cell message determines whether the deleted cell was a neighbor to any

of its cells 150, e.g., by searching its neighbor cell lists for the cell identified in the message. If

so, the identified cell is removed from the appropriate neighbor cell lists.

With the above range of variations and applications in mind, it should be understood that

the present invention is not limited by the foregoing description, nor is it limited by the

accompanying drawings. Instead, the present invention is limited only by the following claims,

and their legal equivalents.



CLAIMS

What is claimed is:

1. A method of mitigating cell outage in a wireless communication network, comprising:

identifying one or more preexisting cells serviced by a first radio base station having a

coverage area capable of being modified to at least partially cover a neighbor cell

serviced by a second radio base station which is currently disabled or expected to

be disabled as indicated by a cell status message received by the first radio base

station (700 and 702); and

modifying the coverage area of one or more of the preexisting cells to at least partially

cover the neighbor cell (704).

2. The method of claim 1, wherein identifying the one or more preexisting cells comprises

analyzing at least one of predetermined cell configuration information for the wireless

communication network and cell position data extracted from the cell status message.

3 . The method of claim 1, wherein modifying the coverage area of one or more of the

preexisting cells to at least partially cover the neighbor cell comprises at least one of adjusting

the position of one or more cell antennas and increasing cell transmit power.

4 . The method of claim 1, further comprising returning the coverage area of each

preexisting cell whose coverage area was previously modified to its original coverage area

responsive to a subsequent message indicating re-enablement of the neighbor cell.

5. The method of claim 1, wherein the cell status message is received by the first radio

base station from a preexisting interface interconnecting the first and second radio base

stations.

6. The method of claim 5 , further comprising:

determining whether one or more preexisting cells serviced by the second radio base

station qualify as a neighbor to a new cell serviced by the first radio base station;

and

notifying the second radio base station via the preexisting interface that the new cell may

qualify as a neighbor to one or more of the preexisting cells serviced by the

second radio base station.



7. The method of claim 5. further comprising:

deleting a preexisting cell serviced by the first radio base station; and

notifying the second radio base station via the preexisting interface that the deleted cell

is no longer available as a neighbor to cells serviced by the second radio base

station.

8. A wireless communication apparatus comprising a radio base station ( 1 10) configured

to:

identify one or more preexisting cells serviced by the radio base station having a

coverage area capable of being modified to at least partially cover a neighbor cell

not serviced by the radio base station which is currently disabled or expected to

be disabled as indicated by a cell status message received by the radio base

station; and

modify the coverage area of one or more of the preexisting cells to at least partially

cover the neighbor cell.

9. The wireless communication apparatus of claim 8, wherein the radio base station is

configured to identify the one or more preexisting cells by analyzing at least one of

predetermined cell configuration information for a wireless communication network including the

radio base station and cell position data extracted from the cell status message.

10. The wireless communication apparatus of claim 8, wherein the radio base station is

configured to modify the coverage area of one or more of the preexisting cells by at least one of

adjusting the position of one or more cell antennas and increasing cell transmit power.

11. The wireless communication apparatus of claim 8, wherein the radio base station is

further configured to return the coverage area of each preexisting cell whose coverage area

was previously modified to its original coverage area responsive to a subsequent message

indicating re-enablement of the neighbor cell.

12. The wireless communication apparatus of claim 8, wherein the cell status message is

received by the radio base station from a preexisting interface interconnecting the radio base

station to a neighbor radio base station configured to service the neighbor cell.



13. The wireless communication apparatus of claim 12, wherein the radio base station is

further configured to:

determine whether one or more preexisting cells serviced by the neighbor radio base

station qualify as a neighbor to a new cell serviced by the radio base station; and

notify the neighbor radio base station via the preexisting interface that the new cell may

qualify as a neighbor to one or more of the preexisting cells serviced by the

neighbor radio base station.

14. The wireless communication apparatus of claim 12, wherein the radio base station is

further configured to:

delete a preexisting cell serviced by the radio base station; and

notify the neighbor radio base station via the preexisting interface that the deleted cell is

no longer available as a neighbor to cells serviced by the neighbor radio base

station.

15. A method of mitigating cell outage in a wireless communication network, comprising:

monitoring whether a cell serviced by a radio base station is currently disabled or

expected to be disabled (400);

automatically generating a cell status message directed to one or more neighbor radio

base stations for indicating whether the cell is currently disabled or expected to

be disabled (402); and

sending the cell status message to the neighbor radio base stations (404).

16. The method of claim 15, wherein monitoring whether a cell serviced by a radio base

station is currently disabled or expected to be disabled comprises monitoring for at least one of

hardware failure associated with the radio base station, power loss, and low battery power.

17. The method of claim 15, wherein the cell status message includes cell ID, position and

operational status fields for each cell being monitored.

18. The method of claim 15, wherein sending the cell status message to the neighbor radio

base stations comprises sending the cell status message over a preexisting interface

interconnecting the radio base stations.



19. The method of claim 18 , further comprising:

determining whether one or more preexisting cells serviced by the neighbor radio base

stations qualify as a neighbor to a new cell serviced by the radio base station;

and

notifying the neighbor radio base stations via the preexisting interface that the new cell

may qualify as a neighbor to one or more of the preexisting cells serviced by the

neighbor radio base stations.

20. The method of claim 18, further comprising:

deleting a preexisting cell serviced by the radio base station; and

notifying the neighbor radio base stations via the preexisting interface that the deleted

cell is no longer available as a neighbor to cells serviced by the neighbor radio

base stations.

2 1. A wireless communication apparatus comprising a radio base station ( 110) configured

to:

monitor whether a cell serviced by the radio base station is currently disabled or

expected to be disabled;

automatically generate a cell status message directed to one or more neighbor radio

base stations for indicating whether the cell is currently disabled or expected to

be disabled; and

send the cell status message to the neighbor radio base stations.

22. The wireless communication apparatus of claim 2 1, wherein the radio base station is

configured to send the cell status message over a preexisting interface interconnecting the radio

base stations.

23. The wireless communication apparatus of claim 22, wherein the radio base station is

further configured to:

determine whether one or more preexisting cells serviced by the neighbor radio base

stations qualify as a neighbor to a new cell serviced by the radio base station;

and

notify the neighbor radio base stations via the preexisting interface that the new cell may

qualify as a neighbor to one or more of the preexisting cells serviced by the

neighbor radio base stations.



24. The wireless communication apparatus of claim 22, wherein the radio base station is

further configured to:

delete a preexisting cell serviced by the radio base station; and

notify the neighbor radio base stations via the preexisting interface that the deleted cell

is no longer available as a neighbor to cells serviced by the neighbor radio base

stations.

25. A method of mitigating cell outage in a wireless communication network, comprising:

automatically communicating cell status messages between radio base stations or within

a node that controls the radio base stations for indicating whether one or more

cells within the network are currently disabled or expected to be disabled (300);

and

modifying the coverage area of one or more preexisting cells within the network to cover

those cells which are currently disabled or expected to be disabled as indicated

by the cell status messages (302).
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