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(57) Abstract: A method of determining the optimum radio planning parameter of an antenna azimuth heading, comprising receiv -
ing, by a control system, a first set of data indicative of network performance for mobile devices of users within a specified geo -
graphical area covered by an antenna sector having a first azimuth heading; determining, by the control system, a first set of average
values of parameters indicative of network performance based on the first set of data; receiving, by the control system, a second set
of data indicative of network performance for mobile users within the specified geographical covered by an antenna having a second
azimuth heading, wherein the second azimuth heading is different from the first azimuth heading, determining, by the control sys -
tem, a second set of average values of parameters indicative of network performance for the antenna sector having the second azi -
muth value based on the second set of data; comparing the first and second sets of average values of parameters indicative of net-
work performance at the first and second azimuth headings for the antenna sector to determine the azimuth heading at which the net -
work performance is optimized.
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DYNAMIC ANTENNA AZIMUTH ADJUSTMENT

Field of the Invention

This invention relates to antenna azimuth adjustment, and, more particularly, to the

fine-tuning of antenna azimuth values based on data collected from mobile users.

Background to the Invention

Radio planning parameters used by network operators to install base stations are often
based on information derived from radio propagation models which simulate coverage
and capacity within the desired geographical space of service of the base station. For
example, calibrated pathloss models can predict the EIRP (equivalent isotropically
radiated power) in geographical space accurately. However, although the signal
quality across a particular geographical area can be determined, the signal quality per
user in time (e.g. during the course of a day or week) cannot be predicted. Therefore,
since such models can only approximate radio conditions in an environment and traffic
distribution in time and location, the radio planning parameters used by network

operators to install base stations carry inherent inconsistences and errors.

The coverage and capacity of a base station sector in its dominant geographical space
of service is defined by the average signal to noise and interference ratio (SNR) levels
encountered by the mobile devices of users served by the base station sector. Each
mobile user establishes a discrete radio link with the sector base station, but all users
are served by a finite amount of radio power in the 3-dimensional antenna radiation
space. When users are located at the “cell-edge”, a lack of power (caused by excessive
pathloss) and/or high interference can result in the underperformance of signal to noise
and interference ratio (SNR) levels encountered by selected radio links in a sector’s
service area. Underperforming radio links in a sector’s service area result in low
average signal to noise and interference ratio (SNR) levels delivered by the base
station sector in its dominant geographical space of service, thereby resulting in an

underperforming base station investment for the network.
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An uneven user distribution split in the base station sector dominant geographical
space of service (i.e. other than 50/50 about the central antenna sector radiation
heading) can significantly impact the sector coverage and capacity performance
(amongst other network key performance indicators (KPIs), since the overall radio
channel quality (indicated by the average signal to noise and interference ratio (SNR)
levels delivered to the mobile devices of users served) is reduced. Existing radio
planning processes, which define and select the direction of the finite amount of radio
power in the 3-dimensional antenna radiation space, can introduce inefficiencies due
to simulation approximations, user mobile distribution and behaviours and

implementation inaccuracies that impact base station performance in the network.

It is an aim of the present invention to mitigate at least some of the above mentioned

drawbacks.

Summary of the Invention

According to a first aspect of the invention, there is provided a method of determining
the optimum radio planning parameter of an antenna azimuth heading, comprising
receiving, by a control system, a first set of data indicative of network performance for
mobile devices of users within a specified geographical area covered by an antenna
sector having a first azimuth heading; determining, by the control system, a first set of
average values of parameters indicative of network performance based on the first set
of data; receiving, by the control system, a second set of data indicative of network
performance for mobile users within the specified geographical covered by an antenna
having a second azimuth heading, wherein the second azimuth heading is different
from the first azimuth heading, determining, by the control system, a second set of
average values of parameters indicative of network performance for the antenna sector
having the second azimuth value based on the second set of data; comparing the first
and second sets of average values of parameters indicative of network performance at
the first and second azimuth headings for the antenna sector to determine the azimuth

heading at which the network performance is optimized.

The present invention thereby allows for the dynamic adjustment of an antenna

heading based on actual, rather than estimated, variations in user and traffic
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distribution over time in order to optimise radio resources and improve the overall

network performance experienced by mobile devices serviced by the antenna.

Preferably, the method further comprises receiving, by a control system, a third set of
data indicative of network performance for mobile users within a specified
geographical sector for an antenna sector at a third azimuth heading, the geographical
sector being served by an antenna; determining, by the control system, a third set of
average values of parameters indicative of network performance for the antenna sector
at the third azimuth heading based on the third set of data, comparing the average
values of the parameters indicative of network performance at the first and second and
third azimuth heading for the antenna sector to determine the azimuth heading at

which the network performance is optimized.

Optionally, the first azimuth heading is 0 degrees offset from the installed value, the
second azimuth heading is -10 degrees offset from the installed heading and the third
azimuth heading is +10 degrees offset from the installed azimuth heading. This helps

to ensure there is little or no overlapping with neighbouring cell sectors.

Parameters indicative of network performance may comprise voice traffic, data traffic,
throughput rates, received signal strength, channel quality, signal to noise and

interference ratio and block error rate.

The method preferably further comprises adjusting the antenna heading to the azimuth

heading at which the network performance is optimised.

Preferably, a data set indicative of network performance from mobile users is received
when the antenna sector is at the azimuth value at a specified time and/or for a

specified period.

Preferably, the sets of data are used by the control system to construct an adjustment
pattern of optimal azimuth headings over time, and the method may further comprise
generating, by the control system, instructions to adjust the azimuth heading, at a
specified time and/or for a specified time period, to the first, second or third azimuth

heading based on the adjustment pattern.
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Optionally, the specified time period is based on at least one of an average number of
mobile users in the geographical sector and the extent of use of the network by the

mobile devices in the geographical sector.

Preferably, a data set indicative of network performance is received from a sample of
all of the mobile usage within the geographical area serviced by the antenna sector or

group of antenna sectors at a predetermined time and/or for a predetermined period.

According to a second aspect the invention, there is provided a machine readable
medium storing executable instructions that when executed by a data processing

system cause the system to perform the method of the invention.

According to a third aspect of the invention, there is provided a system for fine tuning
the azimuth heading of an antenna sector, comprising a control system arranged to:
receive, from mobile users within a geographical area serviced by the antenna sector, a
first set of data indicative of network performance, and determine a first set of average
values of parameters indicative of network performance based on the first set of data,
determine a first set of average values of parameters indicative of network
performance based on the first set of data; receive a second set of data indicative of
network performance for mobile users within the specified geographical sector for the
antenna having a second azimuth value, wherein the second azimuth value is different
from the first azimuth value, the geographical sector being served by the antenna
sector, determine a second set of average values of parameters indicative of network
performance for the antenna sector having the second azimuth value based on the
second set of data; compare the first and second sets of average values of parameters
indicative of network performance at the first and second azimuth values for the
antenna sector to determine the azimuth value at which the network performance is
optimized, and generate adjustment instructions, based on the determined azimuth

value at which the network performance is optimized.

Optionally such a control system comprises a Self Organizing Network platform.
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Preferably, the system further comprises adjustment apparatus controllable by the
control system, wherein the adjustment apparatus is configured to adjust the azimuth
of the antenna sector based on the adjustment instructions generated by the control

System.

Optionally, such an adjustment apparatus comprises a multi-beam antenna system.

According to a fourth aspect of the invention, there is provided a method of
determining an antenna azimuth heading value, comprising receiving, by a control
system, first data relating to a parameter indicative of network performance for mobile
devices of users within a specified geographical area covered by an antenna sector
having a first azimuth heading value, and second data relating to the parameter
indicative of network performance for mobile devices of users within a specified
geographical area covered by an antenna sector having a second azimuth heading;
comparing, by the control system, the first data and second data to determine which of
the first data or second data meet predetermined criteria; selecting, by the control
system, an antenna azimuth heading value from the first azimuth heading and the
second azimuth heading value based on which of the first data or second data meet

predetermined criteria.

Preferably, at least one of the first azimuth heading value and second azimuth heading

value is different from an initial installation azimuth heading value of the antenna.

The method preferably further comprises receiving third data relating to the parameter
indicative of network performance for mobile devices of users within a specified
geographical area covered by an antenna sector having a third azimuth heading,
comparing the first, second and third data to determine which of the first, second or
third data meet predetermined criteria and selecting, by the control system, an antenna
azimuth heading value from the first azimuth heading, the second azimuth heading
value and the third azimuth heading based on which of the first, second or third data

meet predetermined criteria.

Optionally, the first data is received by the control system during a first time period,

the second data is received during a second time period and the third data set is
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received during a third time period, and wherein the method further optionally
comprises generating, by the control system, an instruction to adjust or maintain the
antenna azimuth heading value and to set the azimuth heading value in accordance
with the instruction for a fourth time period. Preferably, the first time period
immediately precedes the second time period, the second time period directly precedes

the third time period and the third time period directly precedes the fourth time period.

The method optionally further comprising outputting, by the control system, the
instructions to adjust or maintain the antenna azimuth heading value to an antenna

alignment apparatus. Preferably the method occurs in real-time or near real-time.

Preferably, the first, second and third data received each comprise data relating to
usage of a sample of all mobile devices of users located within the specified
geographical area covered by the antenna sector having the first, second and third

azimuth heading values respectively.

According to a fifth aspect of the invention, there is provided a machine readable
medium storing executable instructions that when executed by a data processing

system cause the system to perform a method according to the fourth aspect.

According to a sixth aspect of the invention, there is provided a system for
determining an antenna azimuth heading value, comprising an antenna control system
arranged to receive first data relating to a parameter indicative of network performance
for mobile devices of users within a specified geographical area covered by an antenna
sector having a first azimuth heading value, and second data relating to the parameter
indicative of network performance for mobile devices of users within a specified
geographical area covered by an antenna sector having a second azimuth heading;
compare the first data and second data to determine which of the first data or second
data meet predetermined criteria, wherein the predetermined criteria is based on the
parameter indicative of network performance; select an antenna azimuth heading value
from the first azimuth heading and the second azimuth heading value based on which

of the first data or second data meet predetermined criteria.
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Brief description of the drawings

A preferred embodiment of the invention will be described with reference to the

appended drawings in which:

Figure 1 illustrates generally how throughput varies with signal-to-noise ratio;

Figure 2 shows how average gain varies with user distribution in the azimuth plane
for an azimuth heading at +10 degree offset from its initially planned and installed

azimuth heading;

Figure 3 shows a schematic diagram in plan view of uneven mobile user distribution

in the azimuth plane;

Figure 4 is a graph depicting the variation in the number of voice calls between
different quarter-hours periods over seven consecutive days for a static antenna

System;

Figure 5 is a graph showing the variation in averaged number of voice calls between

different quarter-hour periods for a static antenna system;

Figure 6 is a graph showing the variation in the number of voice calls between
different quarter-hours periods over seven consecutive days for an exemplary dynamic

antenna azimuth system;

Figure 7 is a graph showing the variation in averaged number of voice calls between

different quarter-hour periods for a dynamic antenna azimuth system;

Figure 8 is a table showing data collected during a single day for an exemplary

dynamic antenna azimuth system;

Figure 9 is a graph showing variation in drop call rate over 14 consecutive days for an

exemplary dynamic antenna azimuth system,;
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Figure 10 is a graph showing variation in radio resource control fail over 14

consecutive days for an exemplary dynamic antenna azimuth system;

Figure 11 is a graph showing variation in radio access bearer fail over 14 consecutive

days for an exemplary dynamic antenna azimuth system.
Detailed description

Various studies have shown that the capacity (Cvbes) achieved in any service area is

equal to the available bandwidth (Busz) multiplied by the system’s spectral efficiency

(Entys/mnz) multiplied by the number of cell/sectors covering the service area (Nesns?,
The capacity {Curps) that an entire network (Neeus = All} a base station (Meens = 3 or
a cell/sector (Neens =1) can deliver defines the performance of a network in its

geographical space of service:

Mbps

Cybps = Bypz X E X Neens

A variable that can increase network capacity is the improvement of the users’ radio
conditions (or radio link spectrum efficiency) in their actual radio environment.
According to the Shannon-Hartley theorem, the relationship between spectrum

efficiency and signal quality (SNR) is as follows:

Mbps
MHz |

Crbps = Bypz X E
Cubps = Buuz X log, (1 + SNR) -
Mbps
MHz

E

= log,(1+ SNR)

Figure 1 shows how capacity varies with signal quality for dynamic modulation and
coding of advanced systems (E-UTRA, the access mode of 3GPP's LTE equivalent).

Whilst broadband technology is able to share the finite power resource (by primarily
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employing power control in favour of the “weak” radio links), the priority is to satisfy
pre-defined radio resource management targets (i.e. BLER (block error rate) of 10%).
Accordingly, the system will “steal” power from any mobile device with better radio

conditions in order to maintain an average quality of experience for all users served.

It is further known that NodeB schedulers (base station management) decide which
mobile devices to transmit to based on their instantancous radio conditions at that
moment in time. Such system-level power control management uses the SNR
perceived by the mobile devices (e.g. the NodeB scheduler transmits to a mobile
device when the device's power control dynamic range is over 70dB and external
wideband interference is at a maximum values for the particular location of the
device). For users whose instantancous radio condition do not meet these
requirements, the power control management of the NodeB scheduler will strive to
satisfy the 10% block error rate target for mobile users serviced by the NodeB, sharing

power between them accordingly.

Figure 2 shows a typical radiation pattern of a UMTS antenna (such as Powerwave
5720.1). It can be seen that, in a range of 60° (indicatively 0° to 60° with respect to the
main bore) there is a high concentration of users (spiked line) that are located
clockwise of the antennas’ maximum gain (dotted line). This demonstrates the
importance of correct azimuth setting in terms of gain variation in the 120° sector
coverage area in the azimuth plane. As discussed above, existing practices concerning
radio planning practice carry inherent inefficiencies since such practices do not
account for actual user distribution in the azimuth plane, which results in a degraded
system capacity when the radio resource is misdirected by the antenna despite such

practices being aided by the ability to, for example, not block calls.

Depending on the actual SNR the mobile devices are reporting to the NodeB/base
station, it is generally the case that the system assigns the appropriate modulation and
coding scheme to meet the 10% BLER target. Therefore, assuming that the sectors’
SNR is, on average, bad (e.g. the average Ec/lo (signal to noise and interference ratio))
less than -20dB), fine tuning the azimuth heading dynamically may not significantly
increase the capacity performance of the sector. However, when the SNR is, on

average, good, fine tuning the azimuth heading can increase the sectors’ capacity
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performance by an order of a magnitude, which can reach as much as even +50% in
gain for a relatively small (a couple of dB’s) improvement in SNR, depending on

actual Ec/lo values.

Therefore, if the sector’s radio resource is assumed to offer its 100% capacity in the
planned and installed antenna heading, by azimuth fine-tuning the existing radio plan,
the SNR and capacity will increase. The actual capacity gain per dB SNR
improvement is dependent on the average Ec/lo (signal to noise and interference ratio)
and CQI levels the mobile devices served are encountering in the sectors’ geographical

space of service.

Figure 3 shows an example of user distribution across three network sectors 1, 2, 3. A
dense area 10 of mobile users is shown. Such an area may occur during a period of
time, for example a working day, due to the existence of a hotspot. Accordingly,
network sector 1 is required to serve the hotspot (a confined area that gathers
significant amount of users that are generating traffic). During the time period the
hotspot is active, over 51% of the established radio links (i.e. the links between the
base station and the users located within sector 1) are located counterclockwise of the
maximum antenna gain in the azimuth plane. The maximum antenna gain is at the
central heading of the antenna sector - i.e. at 0 degree offset to the planned and

installed antenna heading.

As illustrated in Figure 3, antenna sectors do not always serve users evenly located
within the sector i.e. the user distribution is not split 50/50 either side of the maximum
antenna gain. Such an uneven distribution, where mobile use is weighted to one side
of the antenna sector at the planned and installed azimuth heading, results in
inefficiencies such that the antenna sector is underperforming for the majority of users

within the sector.

To determine the optimum antenna azimuth heading within an antenna sector
geographical area, data is collected by a control system (e.g. a Self Organizing
Network platform) via a base station or nodeB for a specified number of azimuth
heading offsets with respect to the initially planned and installed heading, at

predetermined time and/or for predetermined time periods. The control system is

10
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capable of receiving and processing data from the mobile devices, and determining, by
analysing the received data, the optimum offset for the antenna heading over a
specified time period. It can also generate a mobility pattern for the antenna azimuth
based on the optimum offset results and generate a series of instructions which can be
output to apparatus to adjust the azimuth heading. The control system may be located

at or near the base station or remote from the base station.

It is assumed that the average user distribution pattern throughout a week is repeated
(i.e. the user distribution pattern for each week the same). As such, data collected at
different offsets at the same times within the week (for example) can be compared. It
is similarly assumed that the average user distribution variation is similar (i.e. is
repeated) for holiday periods (e.g. Christmas/New Year and Easter). An antenna offset
pattern for a particular user distribution pattern of a time period (e.g. Monday-Sunday
weeks) is constructed by comparing data collected at the same time within the period
at different offsets. Thus, to compare equivalent data to construct an azimuth sector
heading pattern, it should be ensured that the data is collected within periods
exhibiting the same average user distribution pattern. It will be appreciated that the
different average user distribution patterns will depend upon the specific application.
For example, in some embodiments, it may be assumed that Mondays exhibit the same
average user distribution pattern as Tuesdays. In this case, data collected hourly at -10
degree offset on a Monday can be compared with data collected hourly at a +10 degree
offset on Tuesdays in order to construct an antenna sector heading pattern for a

weekday.

In an exemplary embodiment of the invention, data is directly collected from mobile
devices of users when an antenna azimuth heading is at a 0 degree offset for a seven
day week (Monday to Sunday) period, herein denoted as week 1. The
collection/recordal of average key performance indicator data (as discussed below) for
all users served by the antenna sector occurs hourly. Accordingly, every hour of every
day during week 1, a base system controller records data indicative of the antenna
sector performance. One or more KPIs to be collected may be selected out of a list of
KPIs comprising, for example, the received signal strength, channel quality (i.e. drop
call rate, access failure rate), signal to noise and interference ratio (i.e. CQI, Ec/lo,

Eb/lo) and voice and data traffic consumed (Erlangs, Mb). Depending on the KPI
11
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user, average values of the KPI data received during the data collection periods can be

calculated.

The control system analyses the data to determine values of the key performance
indicators and therefore provide a (relative) indication of how network performance
varies hour to hour, and, extrapolating the data further, from day to night, from

weekday to weekend, etc.

For the following week (Monday to Sunday) - week 2, the antenna sector heading is
adjusted such that it is +10 degrees offset from the initial planned and installed
heading. Key performance indicator data is collected in a similar manner as for week 1
to determine an indication of network performance variation at the +10 degree offset

during the week.

Week 1 data is compared with week 2 data to determine the differences in network
performance when the antenna heading is at 0 degree offset and +10 degree offset over
the course of a week. For example, the data collected on Monday at 9.00am in week 1
(0 degree offset) is compared with the data collected on Monday at 9.00am in week 2
(+10 degree offset). The data collected on Saturday at 11.00am in week 1 (0 degree
offset) is compared with the data collected on Saturday at 11.00am in week 2 (+10
degree offset). Such a comparison facilitates the identification, at a particular time or
for a particular time period, of the antenna sector heading offset that results in, overall,

more favourable network performance.

For week 3 (Monday to Sunday), the antenna heading is adjusted to -10 degree offset.
Data indicative of network performance is similarly collected as for weeks 1 and 2,
and compared with weeks 1 and 2 to determine the antenna sector azimuth heading of
either -10, 0, and +10 degree offset that result in the most favourable network
performance at specified times or within specified time periods throughout a Monday

to Sunday week.

From a comparison of the data collected during the sample period (comprising weeks
1, 2, and 3), an optimised antenna sector azimuth adjustment pattern for a Monday to

Sunday week is constructed to provide instructions to the control system, which

12
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communicates with an antenna adjustment mechanism, to adjust the antenna during
the course of a Monday to Sunday week (in weeks 4 to week N) so as to optimise
network performance for the majority of network users. Methods of accurate
adjustment of an antenna are discussed in the applicant's prior published patent
applications W02013171291 and WO0O2013011002, the contents of which are hereby
incorporated by reference where permitted. However, other methods, apparatus and

antennas to accurately adjust azimuth radiation may also be used.

In a heavily populated urban centre, e.g. a city, where there are many mobile users, on
average, serviced by a particular network sector, the distribution of mobile users
across the geographical area serviced by an antenna sector may vary rapidly, although
the actual degree of variation may not be significant due to the high numbers of
mobile users in the sector. In this case, it may be appropriate to collected KPI data

regularly (e.g. per minute) over a short time period (e.g. daily).

In a sparsely populated rural area, there may be less mobile users, on average, serviced
by a particular network sector. The distribution of mobile users across the
geographical area serviced by an antenna sector may vary slowly, although the actual
degree of variation may be significant due to the relatively low numbers of mobile
users in the sector. In this case, it may be appropriate to collect KPI data less regularly

(e.g. per hour or day) over a longer time period (e.g. weekly).

In another embodiment, a more 'real-time' approach is adopted, whereby data is
collected at ecach offset during (for example) the first three minutes of each quarter
hour (e.g. +10 deg for minute 1, 0 deg for minute 2 and -10 deg for minute 3). The
frequency of the data collection/recordal during the 1 minute intervals may vary
according to the specific circumstances. The control system calculates the optimum
offset based on the collected data and instructs adjustment apparatus to adjust the
azimuth of the antenna to the optimum offset at the end of the first three minutes. The
antenna remains at this offset for the next 12 minutes. Data is collected again for the
next three minutes of the following quarter hour and the process is repeated. For a
real-time approach, no adjustment pattern is constructed by the control system. The

sampling intervals and adjustment interval are flexible and will be set depending on

13
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the specific antenna system, location, extent of mobile device mobility, processing

resources of the control system, etc.

An example of the determination of an optimal antenna azimuth heading is discussed
with reference to actual data collected by a control system for an antenna installation
which is directed generally at a residential area. In this example, the KPI used is
number of voice calls, also known as loading of a cell/antenna. In this example, voice
call data samples were collected during 15 minute intervals. The data collection
pattern is repeated every 45 minutes (discussed further below with reference to Figure

8).

Figures 4 and 5 relate to data collected when the antenna is static - i.e. there is no
azimuth adjustment. Figure 4 shows how the number of voice calls (y-axis) varies
between different quarter hour periods over consecutive days (Monday - Sunday on
the x-axis) when the antenna azimuth is positioned at 0 degrees offset (i.e. the initial
position). The number of voice calls recorded during each of the third quarter-hour
periods is averaged per day and is shown by line 401. Line 402 similarly shows the
variation in the day-averaged number of voice calls collected during the first quarter
hour period of each 45 minute cycle during a day. Line 403 similarly shows how the
average number of voice calls per day collected during the second of each quarter hour

period of each 45 cycle varies of the week.

Figure 5, related to figure 4, shows (for a static antenna system) the weekly averaged
number of voice calls based on samples collected during each of the first 15 minutes
periods of the 45 minute cycles (20807 voice calls), the averaged number of voice
calls based on samples collected during each of the second 15 minute periods of the 45
minute cycles (21111 voice calls) and the average number of voice calls of a sample
collected during each of the third 15 minute periods of the 45 minute cycles (21010
voice calls). Figure 5 therefore shows that (regardless of any variation in total number
of voice calls by day) the total number of voice calls collected during different 15

minute intervals does not vary significantly.

Figure 6 shows the variation in the day-averaged number of voice calls over seven

consecutive days collected during each of the second quarter hour periods (when the
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the specific antenna system, location, extent of mobile device mobility, processing

resources of the control system, etc.

An example of the determination of an optimal antenna azimuth heading is discussed
with reference to actual data collected by a control system for an antenna installation
which is directed generally at a residential area. In this example, the KPI used is
number of voice calls, also known as loading of a cell/antenna. In this example, voice
call data samples were collected during 15 minute intervals. The data collection
pattern is repeated every 45 minutes (discussed further below with reference to Figure

8).

Figures 4 and 5 relate to data collected when the antenna is static - i.e. there is no
azimuth adjustment. Figure 4 shows how the number of voice calls (y-axis) varies
between different quarter hour periods over consecutive days (Monday - Sunday on
the x-axis) when the antenna azimuth is positioned at 0 degrees offset (i.e. the initial
position). The total number of voice calls recorded during each of the third quarter-
hour periods is shown by line 401. Line 402 similarly shows the variation in the
number of voice calls collected during the first quarter hour period of each 45 minute
cycle during a day. Line 403 similarly shows how the number of voice calls per day
collected during the second of each quarter hour period of each 45 cycle varies over

the week.

Figure 5, related to figure 4, shows (for a static antenna system) the average weekly
number of voice calls based on samples collected during each of the first 15 minutes
periods of the 45 minute cycles (20807 voice calls), the number of voice calls based on
samples collected during each of the second 15 minute periods of the 45 minute cycles
(21111 voice calls) and the number of voice calls of a sample collected during each of
the third 15 minute periods of the 45 minute cycles (21010 voice calls). Figure 5
therefore shows that (regardless of any variation in total number of voice calls by day)
the total number of voice calls collected during different 15 minute intervals does not

vary significantly.

Figure 6 shows the variation in the number of voice calls over seven consecutive days

collected during each of the second quarter hour periods (when the azimuth value of
14/1
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azimuth value of the antenna is at 0 degrees offset (line 602)), the variation in the day-
averaged number of voice calls recorded during each of the third quarter hour periods
(when the azimuth value is +15 degrees offset (line 601) and the variation in the day-
averaged number recorded during each of the first quarter hour periods (when the
azimuth is at -15 degrees offset (line 603). The general trend is that the number of
voice calls, for all offset values, peaks during day 3, but that at +15 degrees offset the
largest number of voice calls are collected. This is supported by Figure 7, which shows
how the average number of voice calls varies for each of the first, second and third 15
minute intervals of each 45 minute collection cycle, where the antenna azimuth value
18 -15 degrees offset for the first 15 minute interval, 0 degrees offset for the second 15
minute interval and +15 degrees offset for the third 15 minute interval. The highest
number of voice calls are collected during the third 15 minute interval when the

antenna azimuth is set at +15 degrees offset.

The table of Figure 9 details the time periods, numbers of samples, actual azimuth
value, and received signal code power (signal strength) data. Each sample denotes a
single voice call. The 'max samples offset' column shows that the sum of the samples
at 335 degrees is, for all but five of the 45 minute periods throughout day 1, higher
than the sum of the samples at 305 degrees and 320 degrees. Therefore when the
antenna azimuth direction is offset at +15 degrees to its initial installation value, more
voice calls are serviced by the antenna. The furthest right hand column shows the
percentage increase in the number of samples collected at 320 degrees (i.e. +15 degree
offset) over the number taken at the initial installation azimuth heading of 305 degrees
(i.e. 0 degree offset) for cach 45 minute cycle. The value of 30.16% at the bottom of
the furthest right hand column is the averaged percentage increase in voice calls
collected at 335 degrees for day 1. Similar trends were shown by the results collected

for each of days 2-6.

Figures 10, 11 and 12 show how other KPIs are affected when the antenna azimuth is
adjusted based on loading/offloading (voice call) data. Figure 10 shows variation in
drop call rate over a two week period. From 14/02 to 20/02 (i.e. within the central
section of the graph) the azimuth was adjusted in accordance with the finding that a
+15 degree offset provided more favourable network performance. Figure 11 shows

variation in radio resource control fail rate for the same period and for when the
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the antenna is at 0 degrees offset (line 602)), the variation in the number of voice calls
recorded during each of the third quarter hour periods (when the azimuth value is +15
degrees offset (line 601) and the variation in the number recorded during each of the
first quarter hour periods (when the azimuth is at -15 degrees offset (line 603). The
general trend is that the number of voice calls, for all offset values, peaks during day
3, but that at +15 degrees offset the largest number of voice calls are collected. This is
supported by Figure 7, which shows how the average number of voice calls varies for
cach of the first, second and third 15 minute intervals of cach 45 minute collection
cycle, where the antenna azimuth value is -15 degrees offset for the first 15 minute
interval, 0 degrees offset for the second 15 minute interval and +15 degrees offset for
the third 15 minute interval. The highest number of voice calls are collected during the

third 15 minute interval when the antenna azimuth is set at +15 degrees offset.

The table of Figure 9 details the time periods, numbers of samples, actual azimuth
value, and received signal code power (signal strength) data. Each sample denotes a
single voice call. The 'max samples offset' column shows that the sum of the samples
at 335 degrees is, for all but five of the 45 minute periods throughout day 1, higher
than the sum of the samples at 305 degrees and 320 degrees. Therefore when the
antenna azimuth direction is offset at +15 degrees to its initial installation value, more
voice calls are serviced by the antenna. The furthest right hand column shows the
percentage increase in the number of samples collected at 320 degrees (i.e. +15 degree
offset) over the number taken at the initial installation azimuth heading of 305 degrees
(i.e. 0 degree offset) for each 45 minute cycle. The value of 30.16% at the bottom of
the furthest right hand column is the averaged percentage increase in voice calls
collected if the antenna azimuth heading was set at 335 degrees for the time periods as

shown. Similar trends were shown by the results collected for each of days 2-6.

Figures 10, 11 and 12 show how other KPIs are affected when the antenna azimuth is
adjusted based on loading/offloading (voice call) data. Figure 10 shows variation in
drop call rate over a two week period. From 14/02 to 20/02 (i.e. within the central
section of the graph) the azimuth was adjusted in accordance with the finding that a
+15 degree offset provided more favourable network performance. Figure 11 shows

variation in radio resource control fail rate for the same period and for when the

15/1
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azimuth is adjusted as per figure 10. Figure 12 shows variation in radio access bearer
fail rate also for the same period and for when the azimuth is adjusted. As can been

seen, adjustment of the azimuth has no significant bearing on these KPIs.

The data described with reference to figures 4-12 exemplarily shows how a
determination can be made, based on one of a number of different possible KPIs,

regarding an antenna azimuth offset that provides optimised network performance.

The KPIs such as RSCP (received signal strength), CQI (channel quality indicator),
Ec/lo (signal to noise and interference ratio) and BLER (block error rate) that are
optimized by the dynamic antenna azimuth fine-tuning method described herein are
indicative of the total performance of the network as perceived by the mobile network
users and may comprise other KPIs related to user experience (such as throughput, call
success rate and drop call rate, amongst others). These indicators may be used alone or
in combination to determine the actual network performance. Other indictors may also
be used alone or combined with those listed. Other azimuth offset heading values may

also tested.

The actual time periods within which data is collected, and the number of mobile users
within the sector that comprise the sample, as well as the number of time data from a
particular mobile user within the sample period is collected, are dependent upon the
amount of users served by the antenna sector and user mobility (i.e. the extent to
which mobile users move around within and in/out of the sector within a specified

period of time), amongst other factors.

Optimisation of network performance means that, at least, the voice and/or data traffic
will increase while maintaining at least the same or better quality of service for the
mobile users served. It is expected that the received signal strength for the majority of
mobile users will be increased. This may result, if improved on average, in the
decrease of power/received signal strength for some (a minority) of mobile users, and

an increase in the power/received signal strength for a majority of mobile users.

The azimuth offset heading value chosen may vary, and may depend of the number of

sectors within a specified area. However, the chosen offset should not, preferably,
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result in more than a variation of 20% of the -3dB antenna radiation in the azimuth
plane. This means that for a 60 degree -3dB horizontal beamwidth antenna radiation,
the azimuth offset heading should not exceed 10 to 15 degrees, and for a 30 degree -
3dB horizontal beamwidth antenna radiation, the azimuth offset heading should not
exceed 5 to 10 degrees. This is recommended in order to maintain the same antenna
sector geographical space of service, so that the collected KPIs from the mobile
devices best served by the antenna sector to be compared are equivalent. The same is
valid for any antenna system and type used such as MIMO, multi-beam, smart and the
like, but for these cases the -3dB horizontal beamwidth refers to the equivalent total

antenna radiation (all beams, outside beams).

As will be appreciated, the present invention provides a method to increase the
performance of the antenna sector in time without altering the geographical area served by
the antenna sector or the bandwidth. Accordingly, in order to increase channel quality and
overall capacity, improve bandwidth consumption/throughput and so optimise
performance, the following provides a method for fine-tuning the antenna sector azimuth

heading based on actual data from at least a sample of mobile users within the network.
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Claims

1. A method of determining an antenna azimuth heading value, comprising

receiving, by a control system, first data relating to a parameter indicative of
network performance for mobile devices of users within a specified geographical arca
covered by an antenna sector having a first azimuth heading value, and second data
relating to the parameter indicative of network performance for mobile devices of
users within a specified geographical arca covered by an antenna sector having a
second azimuth heading;

comparing, by the control system, the first data and second data to determine
which of the first data or second data meet predetermined criteria, wherein the
predetermined criteria is based on the parameter indicative of network performance;

selecting, by the control system, an antenna azimuth heading value from the first
azimuth heading and the second azimuth heading value based on which of the first

data or second data meet predetermined criteria.

2. The method of claim 1, wherein at least one of the first azimuth heading value and
second azimuth heading value is offset from an initial installation azimuth heading

value of the antenna.

3. The method of claim 1 or 2, further comprising receiving third data relating to the
parameter indicative of network performance for mobile devices of users within a
specified geographical area covered by an antenna sector having a third azimuth
heading and wherein the step of comparing comprises

comparing the first, second and third data to determine which of the first, second
or third data meet predetermined criteria;

selecting, by the control system, an antenna azimuth heading value from the first
azimuth heading, the second azimuth heading value and the third azimuth heading

based on which of the first, second or third data meet predetermined criteria.

4. The method according to any preceding claim, wherein the first data is received
by the control system during a first time period, the second data is received during a
second time period and the third data set is received during a third time period, and

wherein the method further comprises
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generating, by the control system, instructions to adjust or maintain the antenna
azimuth heading value according to the selected antenna azimuth heading value for a

fourth time period.

5. The method of any preceding claim, further comprising outputting, by the control
system, the instructions to adjust or maintain the antenna azimuth heading value to an

antenna alignment apparatus.

6. The method according to any preceding claim, wherein the method occurs in real-

time or near real-time.

7.  The method of any preceding claim, wherein the parameters indicative of network
performance is selected from one of voice and data traffic, received signal strength,

channel quality, signal to noise and interference ratio and block error rate.

8. The method of any of any preceding claim, wherein the first, second and third
data received each comprise data relating to usage of a sample of all mobile devices of
users located within the specified geographical area covered by the antenna sector

having the first, second and third azimuth heading values respectively.

9. A machine readable medium storing executable instructions that when executed
by a data processing system cause the system to perform a method according to any

one of claims 1-8.

10. A system for determining an antenna azimuth heading value, comprising

an antenna control system arranged to

receive first data relating to a parameter indicative of network performance for
mobile devices of users within a specified geographical area covered by an antenna
sector having a first azimuth heading value, and second data relating to the parameter
indicative of network performance for mobile devices of users within a specified
geographical area covered by an antenna sector having a second azimuth heading;

compare the first data and second data to determine which of the first data or
second data meet predetermined criteria, wherein the predetermined criteria is based

on the parameter indicative of network performance;
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select an antenna azimuth heading value from the first azimuth heading and the
second azimuth heading value based on which of the first data or second data meet

predetermined criteria.

11. A method of determining the optimum radio planning parameter of an antenna
azimuth heading, comprising

receiving, by a control system, a first set of data indicative of network
performance for mobile devices of users within a specified geographical area covered
by an antenna sector having a first azimuth heading;

determining, by the control system, a first set of average values of parameters
indicative of network performance based on the first set of data;

receiving, by the control system, a second set of data indicative of network
performance for mobile users within the specified geographical covered by an antenna
having a second azimuth heading, wherein the second azimuth heading is different
from the first azimuth heading,

determining, by the control system, a second set of average values of parameters
indicative of network performance for the antenna sector having the second azimuth
value based on the second set of data;

comparing the first and second sets of average values of parameters indicative of
network performance at the first and second azimuth headings for the antenna sector to

determine the azimuth heading at which the network performance is optimized.

12. The method of claim 11, further comprising

receiving, by a control system, a third set of data indicative of network
performance for mobile users within a specified geographical sector for an antenna
sector at a third azimuth heading, the geographical sector being served by an antenna;

determining, by the control system, a third set of average values of parameters
indicative of network performance for the antenna sector at the third azimuth heading
based on the third set of data,

comparing the average values of the parameters indicative of network
performance at the first and second and third azimuth heading for the antenna sector to

determine the azimuth heading at which the network performance is optimized.
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13. The method of claim 12, wherein the first azimuth heading is 0 degrees offset
from the installed value, the second azimuth heading is -10 degrees offset from the
installed heading and the third azimuth heading is +10 degrees offset from the

installed azimuth heading.

14. The method of any preceding claim, wherein parameters indicative of network
performance comprise voice and data traffic, received signal strength, channel quality,

signal to noise and interference ratio and block error rate.

15. The method of any of claims 11-14, further comprising adjusting the antenna

heading to the azimuth heading at which the network performance is optimised.

16. The method of any of claims 11-15, wherein a data set indicative of network
performance from mobile users is received when the antenna sector is at the azimuth

value at a specified time and/or for a specified period.

17. The method of any of claims 11-16, wherein the sets of data are used by the

control system to adjust optimal azimuth headings in real-time.

18. The method of any of claims 11-17, wherein a data set indicative of network
performance is received from a sample of all of the mobile users within the

geographical area serviced by the antenna sector in real-time.

19. The method of any of claims 11-18, wherein the sets of data are used by the
control system to construct an adjustment pattern of optimal azimuth headings over

time.

20. The method of claim 19, further comprising generating, by the control system,
instructions to adjust the azimuth heading, at a specified time and/or for a specified
time period, to the first, second or third azimuth heading based on the adjustment

pattern.
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21. The method of claim 20, wherein the specified time period is based on at least one
of an average number of mobile users in the geographical sector and the extent of use

of the network by the mobile devices in the geographical sector.

22. The method of any of claims 11-21, wherein a data set indicative of network
performance is received from a sample of all of the mobile users within the
geographical area serviced by the antenna sector at a predetermined time and/or for a

predetermined period.

23. A machine readable medium storing executable instructions that when executed
by a data processing system cause the system to perform a method according to any

one of claims 11-22.

24. A system for fine tuning the azimuth heading of an antenna sector, comprising
a control system arranged to:

receive, from mobile users within a geographical area serviced by the
antenna sector, a first set of data indicative of network performance, and determine a
first set of average values of parameters indicative of network performance based on
the first set of data,

determine a first set of average values of parameters indicative of network
performance based on the first set of data;

receive a second set of data indicative of network performance for mobile
users within the specified geographical sector for the antenna having a second azimuth
value, wherein the second azimuth value is different from the first azimuth value, the
geographical sector being served by the antenna sector,

determine a second set of average values of parameters indicative of
network performance for the antenna sector having the second azimuth value based on
the second sct of data;

compare the first and second sets of average values of parameters
indicative of network performance at the first and second azimuth values for the
antenna sector to determine the azimuth value at which the network performance is
optimized,

generate adjustment instructions, based on the determined azimuth value

at which the network performance is optimized, and
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wherein the system further comprises adjustment apparatus controllable by

the control system, wherein the adjustment apparatus is configured to adjust the

azimuth of the antenna sector based on the adjustment instructions generated by the

control system.
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