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(57) Abstract: A node (4, 7) and a meihod for performance monitoring in a communications network, said node comprising a
&= monitoring unit (8) arranged to collect performance data comprising at least one key performance indicator related to the operation
& of the network and at least one performance indicator associated with the key performance indicator and forwarding at least part of
@ said performance data to a domain manager (11) arranged to control the radio network functions in the communications network.
The monitoring unit (8) is arranged to monitor performance data in dependence of the values of at least one kind of performance
data. A hierarchy of levels may be defined for performance data and monitoring on each level initiated by exceeding a threshold on

the higher level.
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Method and apparatus for performance management in a communications network

Technical Field

The present invention relates to a communications node in a cellular communica-
tions network, a monitoring node in a cellular communications network and a moni-

toring method in a cellular communications network.

Background and Related Art

All communications networks today employ some kind of performance monitoring
to monitor the function of the nodes or units in the network. Typically, the perform-
ance data are reported from each node to a supervising node that is responsible for

collecting and processing performance data for the whole network.

For example, in cellular networks today. each network element is arranged to moni-
tor performance management data. Which data to collect, and how they should be
handled. is normally predefined in the network. Either a measurement is subscribed
to or not. If it is subscribed to. it is stored for a certain amount of time in the net-
work element as well as forwarded to the Domain Manager, where it is stored for a
relatively long period of time. typically months. If it is not subscribed to, it is not

collected at all.

Depending on how the performance management is configured. there will be an ex-
cess amount of data stored at most times. whereas at times when there is a problem
the performance data that would be of interest for solving the problem may not be

available.

Sumimnary of the Invention

It is an object of the invention to achieve a more efficient monitoring of perform-

ance parameters in a communications network.
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This object is achieved according to the present invention by a node for use in a
communications network, said node comprising a monitoring unit arranged to col-
lect performance data arranged hierarchically on at least a first and a second level,
said performance data comprising at least one first level performance indicator re-
lated to the operation of the network and at least one second level performance indi-
cator associated with the first level performance indicator, the node being further
arranged to forward at least part of said performance data to a domain manager ar-
ranged to control the radio network functions in the communications network, said
node being characterized in that the monitoring unit is arranged to forward perform-
ance data to the domain manager in dependence of the values of at least one kind of

performance data.

The object is also achieved by method of performance monitoring in a communica-
tions network comprising the steps of

- collecting performance data comprising at least one first level performance indica-
tor related to the operation of the network, and

- forwarding performance data to the domain manager in dependence of the values

of the at least one first level performance indicator.

Hence. the invention takes into account that a lot of performance data will only be
needed when there is a problem. According to the invention each network element
may decide which data to collect. or to forward to the domain manager, in depend-
ence of the situation in the network. The decision is usually made based on one or
more key performance indicators. For example, for each key performance indicator
a threshold may be set and if the registered value exceeds the threshold, one or more
additional performance indicators associated with this key performance indicator are
also collected. There may be a hierarchy so that if one or more of the additional per-
formance indicators exceed a preset threshold, data associated with this performance

indicator may be collected on a more detailed level.
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For clarity, in the claims the key performance indicators are referred to as “first
level performance indicators™ and the additional performance indicators are referred

to as “second level performance indicators™.

In a preferred embodiment, the monitoring unit is arranged to forward the second
level performance indicator to the domain manager only if the associated first level
performance indicator is outside of a first acceptable range defined for the first level
performance indicator. The method in this case preferably comprises the steps of

- determining if the first level performance indicator is outside of a first predefined
range for the first level performance indicator,

- if the first level performance indicator is outside of the first predefined range.
monitoring at least a second level performance indicator associated with the first

level performance indicator.

Typical first level performance indicators (key performance indicators) include the

amount of traffic and the number of lost calls.

Typically. in a communications system an acceptable range has been set for each of
the key performance indicators or other performance indicators. If an indicator ex-
ceeds the acceptable range. an alarm may or may not be generated. For clarity,
though, the term “alarm level” will be used in this document for this prior art ac-
ceptable range. Performance indicators may be, for example, counters, events, re-
cordings, traces and logs. Counters are simple indicators counting, for example, the
number of lost calls. Events may occur once or in an irregular way, or may be peri-
odic. For example, status reports may be periodic events. Recordings, traces and
logs are used for specific measurements when a problem has been identified by

means of counters or events.

According to the invention, an additional acceptable range should be set, that will be

exceeded before the key performance indicator or performance indicator reaches the
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alarm level. In this way. the node can identify an increased risk that an alarm level
will be exceeded and start monitoring additional performance indicators before the
alarm level is reached. For example, if a 2% increase in a particular error rate will
constitute the alarm level, the threshold for collecting data according to the inven-
tion could be 1%. In this way. if the alarm level is reached. performance data related
to the situation that led to this situation will have been collected and stored. At the
same time, data related to normal situations. in which performance data is of no in-

terest does not have to be collected at all.

Alternatively, the network element can collect all data all the time, and the data to
be forwarded to the DM and/or NMS may be selected in dependence of the situa-
tion. In this way the data collecting functions in the network element do not have to
be activated and deactivated, which may simplify the design of the network element.
Which data to forward to the DM and/or NMS may be selected by the network ele-
ment itself, or may be determined by the DM/NMS on the basis of key performance
indicators received from the network element. In the latter case, the DM/NMS
should request the desired additional data from the network element and the moni-
toring unit is arranged to collect performance data in dependence of information re-

ceived from the domain manager.

If the node itself collects all performance data and determines on the basis of col-
lected data which data should be forwarded to the DM, it may use the values of data
on a higher level to determine which data on the next level should be forwarded. For
example. the key performance indicator values may be used to determine which per-
formance indicators should be forwarded. It may also use the value of the data itself
to determine if it should be forwarded to the DM. For example, the performance in-
dicators may be sampled at regular intervals and if they fall outside the accepted

range they will be reported.
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Preferably, the node further comprises memory means, and said monitoring means is

arranged to store performance data in the memory means.

For example, the monitoring means may be arranged to collect the key performance
indicator only if the key performance indicator is outside of the first acceptable
range. In this case, the monitoring step of the method comprises both the step of col-

lecting the data and the step of forwarding the data to the domain manager.

Similarly, the monitoring means may be arranged to collect a more detailed indica-
tor associated with the performance indicator and to forward it to the domain man-
ager, only if the performance indicator is outside of a second acceptable range de-

fined for the performance indicator. In this case, the monitoring step of the method

comprises only the step of forwarding the data to the domain manager.

The monitoring means may be arranged to collect the more detailed indicator only if
the performance indicator is outside of the second acceptable range, or to collect it
all the time but only forward it to the domain manager if it is outside of the second

acceptable range.

In a preferred embodiment the network is a cellular communications network. In
this case, the node may be a base station, such as an enhanced Node B, for control-
ling connections between a base station and a mobile terminal in the network. The

node may also be a radio network controller or a base station controller.

The invention also relates to a domain manager arranged to receive performance
data from at least one node as defined in any one of the preceding claims. said do-
main manager comprising processing means for determining, on the basis of per-
formance data received {rom the at least one node, the types of performance data it
should receive from the node and communication means for instructing the node to

forward the determined types of performance data to the domain manager.
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For example, if the key performance indicator is the number of lost calls in the net-
work, and the threshold according to the invention is exceeded, additional perform-
ance indicators related to this key performance indicator may be monitored to give
more detailed information, for example related to the reasons why calls are lost.
Calls may be lost. for example. because the radio conditions are poor, for example
because of poor coverage or interference. or because the terminal’s battery is empty.
The reason why an unusually high amount of calls are lost will be decisive for the

actions to be taken.

There may be counters or events that are not directly related to lost calls as such, but

that may also provide useful information related to the lost calls.

Brief Description of the Drawings

The invention will be described in more detail in the following, by way of example
and with reference to the appended drawings in which:

Figure | illustrates a first cellular network in which the invention may be imple-
mented.

Figure 2 illustrates a second tvpe of cellular network in which the invention may be
implemented.

Figure 3 is an example of how performance indicators may be divided into different
levels to be used according to the invention.

Figures 4a and 4b illustrate the recording of performance indicators on different lev-
els in dependence of the performance of the network and over time, respectively.

Figure 5 is a flow chart of a method according to the invention.

Detailed Description of Embodiments

As mentioned above. the invention can be implemented in any type of communica-
tions network in which one or more nodes collect performance data and report said

data to a supervising or monitoring node or system. In the following, a possible im-
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plementation of the invention in a cellular network will be discussed. The skilled
person will realize that the inventive ideas can also be applied to other types of com-

munications networks.

Figure 1 illustrates a cellular network according to the Long Term Evolution (LTE)
standard. A core network | comprises one or more MMESs and one or more SAE
Gateways (not shown) in a way well known to the skilled person. Each core network
1 is connected to a radio network comprising a number of base stations 7, which in
LTE are called enhanced node B or eNodeB. The base stations 7 are used to connect
to user equipment. which includes various types of user terminals 9. Each base sta-
tion 7 comprises a monitoring unit 8 for collecting performance data related to the
performance in the network and a memory unit 10 for storing the performance data.
Typically, the performance data are stored in the base station 7 for a predetermined
period of time, for example, 48 hours. In LTE, a domain manager 11 monitors the
function of the radio network. Typically, there will be a second domain manager
(not shown) for the core network 1. The domain manager 11 comprises communica-
tions means 12 for receiving performance data from the base stations 7. According
to one embodiment the domain manager 11 also comprises processing means 13 for
determining, based on the values of the performance data it has received, which
types of performance data it should receive from each base station. In this case, the
communications means 12 is also used for transmitting a request for these types of

performance data to the base station.

Although the domain manager DM 11 is connected to all base stations 7, Figure 1
only shows connections between the domain manager 11 and one of the base sta-
tions, for clarity. The domain manager is typically an operation support system OSS
which receives performance data recorded by the base stations 7 and may also for-
ward it to a network management system NMS 15. The NMS in turn receives per-

formance data from a number of different domain managers.
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Figure 2 illustrates a different type of cellular network. which may be a Global Sys-
tem for Mobile communications (GSM) or a Wideband Code Division Multiple Ac-
cess (WCDMA) system. The network comprises a core network 1 communicating
with a number of base stations 7. In this type of network there is a concentrating
element 4 between the core network | and the base stations 7, each concentrating
element connecting a plurality of base stations 7 to the core network 1. In a GSM
network the concentrating element 4 is a Base Station Controller (BSC). In a
WCDMA network. the concentrating element 4 is a Radio Network Controller
(RNC). Each concentrating element comprises a monitoring unit 8 for monitoring
performance indicators in the network and a memory unit 10 for storing the per-
formance indicators. A domain manager 11 is used to monitor the function of the
core network 1, the concentrating elements 4 and the base stations 7, and to forward
information from the network elements to a network management system 15. Typi-
cally the domain manager 11 is arranged to monitor the base stations through the
concentrating elements 4. In this type of network, therefore, the domain manager 11
performs the same type of functions as in the network shown in Figure 1, but is ar-
ranged to communicate with the concentrating elements 4 instead of directly with

the base stations 7.

In a cellular network. each base station and/or each concentrating element, if pre-
sent, is arranged to collect performance data from each node and report measure-
ment results to the domain manager 11. In the prior art, the rules for which perform-
ance data to collect and report are predetermined and are normally not changed very
often. Typically, therefore, when making such rules, a compromise is made between
the need for adequate data when a problem arises and the desire to keep the meas-

urements and communication at a reasonable level.

According to an embodiment of the invention, the number and types of measure-
ments to be made. and the types of data to be collected and forwarded to the DM are

determined dynamically in dependence of the current situation in the network. A
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number of key performance indicators should always be collected and forwarded.

These key performance indicators should relate to the general functionality of the

network and will typically include downlink latency, downlink and uplink through-

put, number of calls made, setup success rate. abnormal release rate, and handover

success rate.

In an alternative embodiment, all data are always collected by the relevant node. In-
stead, the inventive method is used to determine which data should be forwarded

from the node to the domain manager.

Figure 3 illustrates a hierarchy of three levels: KPI level, PI level and more detailed
level, respectively. the KPI level being the highest level, in which the key perform-
ance indicators are placed. In the example shown in Figure 3, two key performance
indicators are shown, KPI 1 and KPI 2, which may be, for example. downlink la-
tency and downlink throughput. These key performance indicators are always regis-
tered by each base station or concentrating element and forwarded to the domain
manager. If the value for KPI 1 starts to deteriorate, it will at some level reach an
alarm level as defined above, that is, fall outside of an acceptable range defined for
this key performance indicator in the network. According to the invention, if KPI 1
starts to deteriorate, the relevant node should start collecting and forwarding more
detailed data related to this key performance indicator at some point before the
alarm level is reached. In the example shown in Figure 3, the more detailed data re-
lated to KPI | involves one performance indicator, PI 1.1, which may in this case
be, for example, DL Send time, which is located on the pi level. In this case, if
monitoring of the PI 1.1 is started. the value of this performance indicator may be
used in a similar way, to trigger the monitoring of more detailed indicators on the
more detailed level. In this case, the more detailed indicators include three counters,
Counter 1.1.1, Counter 1.1.2 and Counter 1.1.3. Counter 1.1.2, in turn, may trigger
the monitoring of counters on the next level, Conter 1.1.2.1, Counter 1.1.2.2 and

Counter 1.1.2.3.
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If, on the other hand the key performance indicator that starts to deteriorate below a
certain level is KPI 2. this will trigger the monitoring of several performance indica-

tors on the PI Level, including PI 1.1, P1 2.1, P1 2.2, PI1 2.3 and PI 2.4.

Deterioration of PI 1.1 will trigger collection and forwarding of more detailed indi-
cators as discussed above. Deterioration of the performance indicator PI 2.1 or PI
2.3 will not trigger any data collection on the next level. Performance indicator PI
2.2 will trigger collection of Counter 2.2.1 and Counter 2.2.2 on the third, more de-
tailed level. Deterioration of the performance indicator PI 2.4 will trigger collection
of a number of more detailed indicators on the more detailed level: Counter 2.4.1,
Counter 2.4.2 and Counter 2.4.3. Counter 2.4.3 in turn may trigger collection of

Counter 2.4.3.1 and Counter 2.4.3.2.

In the discussion of Figure 3 it is assumed that not all performance indicators are be-
ing collected at any given time. As mentioned above, the node concerned may alter-
natively collect all performance indicators and indicators at all times but may select
which ones to forward to the domain manager based on the values of the higher
level indicators. as discussed above. In any case, the collected data should also be
stored in a memory unit in the relevant node for a predetermined period of time, for

example 48 hours, in case it becomes useful.

Figure 4a illustrates variations in the level of detail required for performance data.
On the horizontal axis the radio network performance spans from good, to the left,
to poor, to the right. On the vertical axis the level of detail ranges from key per-
formance indicators only. through performance indicators and detailed counters up
to events and recordings. If the radio network performance is good, only key per-
formance indicators are collected and forwarded to the domain manager. As the ra-
dio network performance deteriorates the relevant node will proceed to collect and

forward performance indicators on the PI level, more detailed indicators on the more
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detailed level, such as detailed counters, and finally, logs, traces and recordings.
which may be seen as a fourth level but are also shown on the third level in Figure
3. Alternatively, as explained above, all data may be collected and stored at all
times, but only some. determined as discussed above, will be forwarded to the do-

main manager.

Figure 4b shows an example of the variation of level of detail in collecting, storing
and/or forwarding performance data over time. The vertical axis shows increasing
level of detail in the same way as Figure 4a, while the horizontal axis shows time.
As can be seen, in the example of Figure 4b the level of detail increases with time,

to decrease again as time progresses further.

The curves shown in Figures 4a and 4b may relate to all collection/forwarding of
performance indicators or to performance indicators related to one key performance

indicator only, depending on the situation in the network.

Figure 5 is a flow chart of a method according to an embodiment of the invention.

In step S51 a key performance indicator of a node is collected and stored in the node
and also forwarded to the DM. At the same time, the performance indicators associ-
ated with this key performance indicator are collected and stored in the node. In step
S52 it is determined whether the key performance indicator is within limit values set
for this key performance indicator, typically, if it is below or above a threshold. If it
is within the acceptable range, the node repeats steps S51 and S52 until the key per-
formance indicator falls outside of the acceptable range. If so. the method continues

with step S53.

In step S53, the performance indicators related to this key performance indicator are
forwarded to the domain manager along with the key performance indicators. At the

same time, the node starts collecting and storing the more detailed indicators. In step
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S54 the node determines if each of the performance indicators is within its accept-
able range. If so. steps 53 and 54 are repeated. If not, the method continues with step
$55, in which the detailed indicators are also forwarded to the domain manager
along with the key performance indicators and performance indicators. If at some
point during the procedure the problem is solved, and all detailed indicators are
within their acceptable range. the procedure may go back to repeating steps S53 and
S54. If the performance indicators are also within their acceptable range, the proce-

dure may go back to repeating steps S51 and S52.

As will be understood by the skilled person, several variations of the method of Fig-
ure 5 are possible. For example, the decisions in steps $52 and S54 may be taken by
the relevant node as described above. Alternatively, they may be taken by the do-
main manager or another node arranged to monitor the functions of the network. If
the decision steps are performed by the node itself. no data need to be forwarded to
the domain manager before a key performance indicator is outside of its acceptable

range.
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Claims

1. A node (4. 7) for use in a communications network, said node comprising a
5 monitoring unit (8) arranged to collect performance data arranged hierarchi-
cally on at least a first level and a second level, said performance data com-
prising at least one first level performance indicator related to the operation
of the network and at least one second level performance indicator associated
with the first level performance indicator, the node being further arranged to
10 forward at least part of said performance data to a domain manager (11) ar-
ranged to control the radio network functions in the communications net-
work, said node being characterized in that the monitoring unit (8) is ar-
ranged to forward performance data to the domain manager (11) in depend-
ence of the values of at least one kind of performance data.
15
2. A node according to claim 1. wherein the monitoring unit (8) is arranged to
forward second level performance data to the domain manager only if associ-
ated first level performance data is outside of a first acceptable range defined

for the first level performance data.

3. A node according to claim 1 or 2, further comprising control means arranged
to control the monitoring unit (8) in terms of which performance data to for-

ward to the domain manager.

25 4. A node according to claim 1 or 2, wherein the monitoring unit is arranged to
collect performance data in dependence of information received from the

domain manager.
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. A node according to any one of the preceding claims, further comprising

memory means (10). said monitoring means being arranged to store perform-

ance data in the memory means.

. A node according to any one of the preceding claims, wherein the monitoring

means is arranged to collect the second level performance indicator only if

the first level performance indicator is outside of the first acceptable range.

. A node according to any one of the preceding claims, wherein the monitoring

means is arranged to collect a more detailed indicator associated with the
second level performance indicator and to forward it to the domain manager
only if the second level performance indicator is outside of a second accept-

able range defined for the second level performance indicator.

. A node according to any one of the preceding claims, wherein the monitoring

means is arranged to collect the more detailed indicator only if the second

level performance indicator is outside of the second acceptable range.

. A node according to any one of the preceding claims, wherein the node is ar-

ranged for use in a cellular communications network.

10. A node according to any one of the preceding claims, wherein the node is a

base station, such as an enhanced Node B, for controlling connections be-

tween a base station (7) and a mobile terminal (9) in the network.

11. A node according to any one of the preceding claims, wherein the node (4) is

a radio network controller or a base station controller.

12. A domain manager (11) arranged to receive performance data from at least

one node (4.7) as defined in any one of the preceding claims, said domain
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manager (11) comprising processing means (13) for determining, on the basis
of performance data received from the at least one node, the types of per-
formance data it should receive from the node (4,7) and communication
means (12) for instructing the node to forward the determined types of per-

formance data to the domain manager.

13. A method of performance monitoring in a communications network comprising
the steps of

- collecting performance data comprising at least one first level performance indica-
tor related to the operation of the network, and

- forwarding performance data to the domain manager in dependence of the values

of at least one first level performance indicator.

14. A method according to claim 13, further comprising the steps of

- determining if the at least one first level performance indicator is outside of a first
predefined range for the performance data,

- if the at least one first level performance indicator is outside of the first predefined
range, monitoring at least a second level performance indicator associated with the

first level performance indicator.

15. A method of performance monitoring according to claim 14, further comprising
the step of

- if the second level performance indicator is outside of a second predefined range,
monitoring at least one more detailed indicator associated with the second level per-

formance indicator.

16. A method according to any one of the claims 13-15, wherein the communica-

tions network is a cellular communications network comprising a radio network.
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17. A method of performance monitoring according to claim 16, wherein the first
level performance indicator, the second level performance indicator and the more
detailed indicator are always collected and the monitoring step comprises reporting
the first level performance indicator, the second level performance indicator and/or
the more detailed indicator to a domain manager arranged to control the radio net-
work functions in the communications network, in dependence of the value of the

first level performance indicator and/or the second level performance indicator.

18. A method of performance monitoring according to claim 16 or 17, wherein each
monitoring step comprises collecting the relevant type of performance data and re-
porting the first level performance indicator, the second level performance indicator
and/or the more detailed indicator to a domain manager arranged to control the radio
network functions in the communications network, in dependence of the value of

the first level performance indicator and/or the second level performance indicator.

19. A method of performance monitoring according to any one of the claims 13 to
18, wherein the determining step is performed in the node performing the monitor-

ing.

20. A method of performance monitoring according to any one of the claims 13 to
18, further comprising the step of receiving in the node performing the monitoring
information about which types of performance data should be monitored from the

domain manager information.
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