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System, Unit and Method of Frequency Re-Planning

Technical Field

The invention relates to a system, unit and method of
frequency re-planning. In particular, 1t relates to a
system, unit and method of frequency re-planning based

upon measurement reports.

Background

Wireless communication systems such as cellular or
private mobile radio communication systems typically
provide for radio communication links to be arranged
between a plurality of base transceiver stations (BTSs)

and a plurality of subscriber units, often termed mobile

stations (MSs).

In a wireless communication system, each BTS has
associated with it a particular geographical coverage
area (or cell). In large cellular communication systems,
many cells are used and are typically overlapped to
produce an extensive composite coverage area. The mailn
factor defining the coverage area in which a BTS can

maintain acceptable communications with MSs 1s the BTS

transmitter power level.

In such a cellular system with overlapping adjacent
cells, the frequencies used in particular cells are
generally selected to minimise a level of radlo

interference generated in adjacent cells. This selection

process usually occurs during a network design phase.

A network design based on cells is typically based on an

idealised cell pattern. However, an idealised cell
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pattern rarely occurs in practice, due for example to the
nature of the terrain resulting in varying radio
propagation environments, and the fact that cell sites

and antennae are not ideally located on a regular grid

pattern.

The network designer therefore uses frequency-planning
tools to estimate the radio propagation for each cell and
predict a corresponding coverage area. Based on these
propagation models, the network designer is able to
develop a frequency plan for the network intended to
minimise the expected interference between overlappilng
cells. The frequency plan considers such factors as
antenna height and location, terrain topology,
transmitted power levels and the anticipated number of

subscribers.

The quality of frequency plan that can be produced by
such traditional coverage prediction techniques 1is
constrained by the degree of coverage overlap between
cells. Greater overlap means greater potential
interference, making it more difficult to produce a low

interference frequency plan.

A known method of frequency planning that incorporates a
consideration interference employs a channel allocation
algorithm in conjunction with a carrier-to-interference

(C/I) penalty matrix.

Achieving an optimum frequency plan (or re-plan)
therefore becomes dependent on the C/I matrix accuracy,
and hence it is inaccuracies in C/I matrices that
ultimately lead to unexpected interference when using

such methods.
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There are a number of reasons why traditionally produced
matrices are inaccurate. For example, the matrices are
based on predicted interference levels at ground level,
and so subscribers in high buildings are not considered.
Additionally, they typically do not reflect the impact of
detailed clutter data, such as street canyons. They
assume fixed cell boundaries whereas the characteristics
of MSs and handover algorithms are such that cell
boundaries can move. Also, they are reliant on accurate

site and antenna data that 1s rarely avallable.

Furthermore, these coverage prediction techniques tend to
focus on geographic coverage area, assuming an even
distribution of MSs within the cell rather than
subscriber-based or ‘traffic’ coverage wherein
subscribers are unevenly distributed across a cell. This
inaccuracy limits the effectiveness of the predictions
and the resulting decisions made therefrom. In turn,
this means that the network is sub-optimally configured
and therefore typically delivers a sub-optimal quality of

service.

However, an alternative method of generating a C/I matrix
is known in the art that comprises collating measurement
reports (MRs) sent by mobile stations. MRs typically
comprise the downlink signal strengths of the BTS serving

the cell of a given MS, together with the downlink signal

strengths of BTSs from neighbouring cell detected by the
MS. By collating a statistically significant number of
such MRs, the relative strengths of the BTSs i1n and
around a given cell can be used to generate a more

accurate C/I value for that cell, based on the actual
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observations of MSs served by the cell and thus

transparent to their physical distribution within 1t.

If this is performed for a number of overlapping cells,
the resulting C/I matrix can be used for frequency re-
planning (for example, due to the
addition/maintenance/removal of base stations, or to
account for seasonal variations in traffic). This 1s

termed an ‘intelligent optimisation system’ (IOS3).

I0S has a number of advantages, most notably the removal
of a need to model, measure or assume the geographical
distribution of MSs within a cell, which as previously
noted is a prime contributor to the inaccuracy of

traditional frequency planning tools.

However, the use of measurement reports ralses some new

considerations:

Notably, in current systems an MS cannot report a
neighbour if that neighbour 1is using the same broadcast
control channel (BCCH) frequency as the BTS of the MSs
serving cell. Consequently one cannot directly generate a

C/I penalty value for such neighbours from MRs.

Additionally, MRs only provide downlink signal strengths
for neighbouring cells. If the interference experienced
by uplink traffic is uncorrelated, it is desirable to
construct or modify a C/I matrix to reflect both downlink
and uplink interference. However, currently there 1s no
direct means of obtaining uplink receive levels for MSs

of neighbouring cells using MRs.
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In a similar vein, MRs are based on the broadcast control
channel signal strength of the different cells, but it is
desirable to produce C/I matrices that reflect the

traffic channel interference.

Finally, the preference for a statistically significant
number of measurement reports means that if too few MRs

are received during a given sampling period, a resulting

" C/I value or values may not be sufficiently accurate.

The purpose of the present invention 1s to alleviate some

or all of the above problems,

Summary of the Invention

In a first aspect, the present invention provides a
method of frequency re-planning in a wireless

communication system.

In a second aspect, the present invention provides a
method of frequency re-planning in a wireless

communication system.

In a third aspect, the present invention provides a

wireless communication system.

In a fourth aspect, the present invention provides a

wireless communication system.

In a fifth aspect, the present invention provides a

communication unit.

In a sixth aspect, the present invention provides a

communication unit.
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Embodiments of the present invention will now be
described by way of example with reference to the

accompanying drawing, in which:

Brief description of the drawing

FIG. 1 illustrates a block diagram of a cellular radio
communications system in accordance with an embodiment of

the present invention.

Detailled description

A system, unit and method of frequency re-planning in a

wireless communication system 1is disclosed.

In FIG. 1, a multi-layer cellular telephone communication
system 100 is shown supporting a Global System for Mobile
communication (GSM) air-interface, in accordance with an
embodiment of the present invention. The European
Telecommunications Standards Institute (ETSI) has defined
the GSM air-interface. The multi-layer cellular system
is shown in a simplified form, with only a limited number
bf system elements shown for clarity. It will be clear to
a person skilled in the art that other-air interfaces may

be used instead.

Generally, the air-interface protocol is administered
from base transceiver stations (BTSs) 122-132 within the

system architecture 110. BTSs are generally



10

15

20

23

30

CA 02558867 2006-09-07

WO 2005/104602 PCT/US2005/006882

geographically spaced apart - one base station supporting

a cell (or, optionally, sectors of a cell).

A plurality of mobile stations (MSs) 112-115 1s shown as
communicating over the selected air-interface 117-120
with a plurality of BTSs 122-132. A limited number of
MSs 112-115 and BTSs 122-132 are shown for clarity

purposes only.

The BTSs 122-132 may be connected to a conventional
public-switched telephone network (PSTN) 134 through base
station controllers (BSCs) 136-140 and mobile switching
centres (MSCs) 142-144. Each BTS 122-132 is principally

intended to serve its primary cell, with each BTS 122-132

containing one or more transceiver units to communicate

over communication links 156-166 with the rest of the

cellular system 1nfrastructure.

Fach BSC 136-140 may control one or more BTSS 122-132,
with BSCs 136-140 generally interconnected through MSCs
142-144. Processes within the MSCs are provided to
sccount for the situation where an MS (112-115) passes
between two BTS serving areas, for example MS 112 moving
from an area covered by BTS 122 to an area covered Dy BTS

124, where the two BTSs are controlled by different BGSCs
(BSC 136 and BSC 138 in this example).

Each MSC 142-144 provides a gateway to the PSTN 134, with
MSCs 142-144 interconnected through an operations and
management centre (OMC) 146 that administers general
control of the cellular telephone communication system

100, as will be understood by those skilled in the art.
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In operation, an initial frequency re-use plan is set by
an intelligent optimisation system (IOS) 172 and notified
to the OMC 146. The OMC 146 commands the BTSs 122-132

via their BSCs 136-140 to set their operating frequencies

accordingly.

In accordance with an embodiment of the present
invention, an intelligent optimisation system (IOS) 172

is operably coupled to the OMC 146 and the base station
controllers 136—140.

The TOS collates a statistically significant number of

measurement reports in order to generate a C/I penalty

matrix.

However, as noted previously, when a first cell has a
neighbour operating on the same BCCH frequency, MSs

within the first cell will not report measurements for

that neighbour. This can lead to gaps in the C/I penalty

matrix.

In accordance with an embodiment of the present
invention, in this circumstance the IOS (172) employs the

following method to populate such gaps with estimated

penalty values;

For a first serving cell having one Or more neighbouring
co-channel cells for which measurement reports are
unavailable, C/I penalties are estimated for the one or
more neighbouring co-channel cells based upon the
interference levels of common neighbours of the first

serving cell and the one or more neighbouring co-channel

cells.
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To illustrate, consider the C/I penalty matrix below for

the situation where, of neighbouring cells A - D, 1t soO

happens that cells A, B and C share the same BCCH

frequency;
Server R -
- A B C D
N’ bour A _ ? ? 50
B ? -1 ? 50
- C ? 2 _i_f - | 10
D — 50 | 50 10 -

To infer the effect of interference by B and C on A, for

N

example, one can note that as the interference to common

neighbour D is greater from B than from C, then the

effect on A is likely to also be greater from B than from

O

In practice there will generally be a number of common
neighbours, allowing a co-ordination of this information
to provide a good indication of which co-channel

neighbours are more likely to be causing interference.
Formally, this may be achieved as follows;

For a server s and a co-channel neighbour n (i.e. with
co-channel BCCH frequencies), the co-channel interference
(CCI) on server s caused by co-channel neighbour n 1s

calculated substantially as

cCI(s, n) = ¥ {cCIs, 1) .CCI(, n)

1

where there are 1..1 common neighbours, CCI(s,1) 1s the

interference overlap on server s from common neighbour 1,
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and CCI(i,n) is the interference overlap on common

neighbour i from co-channel neighbour n.

Typically, the co-channel interference values will only
be derivable for voice, but it is envisaged that separate
co-channel interference values will be calculable for
other forms of traffic, such as general packet radio
service (GPRS) data, if the relevant interference overlap
information is available. Thus one can for example
distinguish versions of CCI(s,n) as CV(s,n) and CG(s,n)

for voice and GPRS traffic respectively.

If only voice co-channel interference values are
available, then the interference penalty on serving cell

carrier x caused by co-channel neighbour carrier y 1S

then calculated substantially as

penalty(s, X, n, y) = CV(s, n) * TU(s, x) * TU(n, y) * C Eqg.
1

where server traffic utilisation TU(s,x) =

Voice Utilisation(s, x) + GPRS _ Utilisation(s, x);
co-channel neighbour traffic utilisation TU(n,y) =
Voice Utilisation(ny) * dtx _ factor(n, y)

+ GPRS Utilisation(n} y) s

and C is a constant, typically 7000, used to generate a

penalty value in terms of milli-Erlangs.

The dtx factor compensates for discontinuous transmission

in the co-channel neighbour.

Alternatively, if co-channel interference values are
available for different traffic types, then penalties can
be calculated including these values explicitly. For

example, GPRS typically needs a cleaner channel than

10
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voice and so it may be desirable to produce an
alternative penalty for the case of voice and GPRS

traffic. This may be calculated substantially as

penalty(s, X, n, y) =
(CV(s, n) * VU(s, xX) + CG(s, n) * GU(s, X))
* TU(n, y) * C

where
VU(s, X) = voice utilisation(s, x)
GU(s, x) = GPRS utilisation(s, x).

It will be clear to a person skilled 1n the art that the

traffic utilisation (TU) may comprise a number of forms

of traffic in addition to or instead of voice and GPRS,

or may comprise only voice. Thus more generally,

penalty(s, X, n, y) =
(CCI,s, n) * TU,(s, X) + CCI,(s, n) * TU,(s, x) + ... + CCI, (s, n) * TU,(s, X))
* TU(n, y) * C

where CCI; x and TU;. x are co-channel interference values
and traffic utilisation values respectively for k forms

of traffic.

It will be clear to a person skilled in the art that
forms of traffic for which no specific co-channel
interference values exist may be accommodated using an
appropriate available co-channel interference value, as
seen for example in Eq. 1 for the case where a GPRS value
was unavailable and so GPRS traffic was added together

with voilce traffic.

The method as disclosed above may also be applied to

calculate adjacent channel interference penalties, using

11
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adjacent-channel interference (ACI) values 1lnstead of co-
channel interference values, the ACI values calculated

substantially as

ACI(s, n) = Y, ACI(s, 1) .ACI(i, n)
and used as per CCI(s,n).
Having obtained a fully populated C/I matrix for download

signal strength on the BCCH, one may calculate a

complementary set of factors reflecting uplink channel

interference.

In an embodiment of the present invention, one may obtailn
for a given serving cell s a probability density function
of uplink receive levels (UL_RxLev) for mobile stations

being served by that cell, and for mobile stations beilng

p—

served by each neighbour n of that cell.

For mobile stations (MSs) served by the serving cell,

UL RxLev 1s included in the measurement report (MR) and

so directly obtainable.

For an MS served by a neighbour, however, an equivalent

value must be calculated.

If an MS served by a neighbour lists a cell in 1ts MR,
the recorded downlink signal strength is used to

calculate an estimate of UL RxLev substantially as

follows;

UL RxLev = MS TxPwr - (BS_TXPwr - DL RxLev)

where

MS TxPwr is the M5 transmission pPOWEr;
12
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BS TxPwr is the transmission power of the cell’s BCCH;

and

DL RxLev is the download signal strength recorded in the

MR.

This calculation assumes that the path loss between base
station and MS is reciprocal, but in practice the uplink
pathloss tends to be less due to signal diversity from

the MS. This can be reflected by a diversity gain factor

as follows;

UL RxLev = MS TxPwr - (BS TxPwr - DL_RxLev) + DG Factor

where

DG Factor Average (Downlink Pathloss - Uplink_Pathloss),

the average belng over some representative geographical

area.

The DG Factor is dependent upon the accuracy of
rransceiver calibrations, and so in practice 1s

preferably limited to the range 0dB to 5dB.

If an MS served by a neighbour does not list a cell 1in

its MR, it is assumed that the UL_RxLev in this case 1s

the minimum possible.

A distribution of UL RxLev values obtained over a number
of MRs can then be normalised to produce a probability

density function.

Taken together with the MRs from the server cell, one
obtains a plurality of pdfs; Ps(S RxLev), for uplink

receive levels at the serving cell for MSs in the given

13
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serving cell, and Pn(N RxLev), for uplink receive levels

at the serving cell for MSs from each neighbour n.

Additionally, probability functions are defined for each
element in the C/I matrix causing unacceptable
interference when a co-channel assignment is made Pc, and
when an adjacent channel assignment is made Pa. Example

definitions are:

Pc(C I) = 1 1f C I < 9dB
= (0 otherwilise
Pa (C I) =1 1if C I £ -9dB

!

0 otherwlise

T+ will be clear to a person skilled in the art that more

sophisticated definitions may be used instead of these

examples.

Finally, the amount of uplink interference 1s also
dependent on the likelihood of a mobile station 1in the
neighbouring cell transmitting at the same time as a call
is being made in the serving cell,'calculated
substantially as

Average number of neighbour’s
TCHs used in a given period

Number of available TCHs in neilghbour

Nbr"Clash =

where TCH is traffic channel. Nbr_Clash can be calculated
on a per channel basis, and may additionally incorporate

call duration. Preferably the given period is a busy

period, but it will be clear that different periods may

be used.

14
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The proportion of calls on a given server that would be
adversely affected by uplink interference caused by co-

channel assignment is then substantially calculated as;

UL CoChannel CI = Z Z Ps (S _RxLev) x Pn (N RxLev) x

S_RxLev N RxLev

Nbr Clash x Pc(S_RxLev - N RxLev)

Thus UL CoChannel CI 1s a summation of a two-dimensilonal

function representing the probability of uplink

interference given possible values of uplinked receive
levels on the server S RXLev and neighbour N RxLev,

taking into account neighbour traffic density Nbr Clash

and the level of unacceptable interference Pc.

Similarly, the proportion of calls on a given server that
would be adversely affected by uplink interference caused
by adjacent channel assignment is then substantially

calculated as;

UL Adjacent CI = » Y Ps(S_RxLev) x Pn(N_RxLev) X

S_RxLev N_RxLev

Nor Clash x Pa(S_RxLev - N_RxLev)

The values can then be used as modifying factors on the

C/I penalty matrix to reflect uplink interference.

The C/I penalty matrix, either preceding or followilng
application of the above methods, reflects interference
on the broadcast control channel (BCCH), which 1is
typically at a different frequency to the traffic channel
(TCH) . For example, the BCCH may be at 900MHz while the
TCH is at 1800MHz. These different frequencies may
experience different propagation conditions. Consequently

to reflect differences in signal level between different

15
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frequency bands, in an embodiment of the present
invention a pre-computed or empirical look=-up table may
be used to compensate for differing values in the C/I
matrix generated for the measured broadcast control

5 channel with respect to other traffic channels.

Finally, the C/I penalty matrix is typically generated
from measurement reports obtained during a glven survey
period. However, it is possible that during that period
10 there were insufficient measurement reports to provide a
statistically significant sample for a given C/I element.

Such an element may therefore be considered ‘unsafe’.

In this circumstance, in an embodiment of the present
15 invention, a corresponding penalty generated during a
previous re-planning exercise may be used, assuming the

server-neighbour frequency relationships are the same.

The previous penalty may either replace the ‘ﬁnsafe'

20 value, or an average of the two may be produced. If a
record of the number of MRs used to generate the values
is available, a weighted average based on the relative

safety of the values may be used.

25 A wireless communication system, comprising a wlreless
infrastructure supporting communication for a plurality
of mobile stations (112-115), is also envisaged. In an
embodiment of the present invention, the wireless
infrastructure comprises a processor (175) operable to

30 generate a frequency re-use plan in accordance with the

methods described above.

Similarly, a communication unit (146, 172) operating in a

wireless communication system, is also envisaged. In an

10
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embodiment of the present invention, the communication
unit (146, 172) comprises a processor (1l75) operable to
generate a frequency re-use plan in accordance with the
methods described above.

5 It will be understood that the system, unit and method of
frequency re-planning in a wireless communication system
as described above provide at least one or more of the

following advantages:

10 1. Channel/interference (C/I) penalties can Dbe
generated even for neighbouring cells sharing the
same BCCH frequency;

ii. Uplink traffic interference can be factored 1nto
C/I penalty values;

15 iii. C/I penalties based on an insufficient number of

measurement reports can be replaced or amended;

and

iv. Different frequency channel conditions can be

factored into C/I penalty values.

20

The above advantages all contribute to improving the
quality of frequency replanning provided by a C/I based

intelligent optimisation system.

17




CA 02558867 2009-04-09

What i1s claimed is:

1. A method of frequency re-planning 1n a wireless
communication system, wherein the wireless communication system
(100) 1s arranged to support communication for a plurality of
mobile stations (112-115) via a plurality of cells, the method
comprising the generation of channel/interference penalties
based upon measurement reports, and characterised by the step
of:

- for a first cell having one or more neighbouring co-channel
cells for which measurement reports are unavailable,
estimating channel/interference penalties for the one or more
neighbouring co~channel cells based upon the interference levels
of common neighbours of the first cell and the one or more

neighbouring co-channel cells.

2 . A method of frequency re-planning according to claim 1

wherein the step of estimating channel/interference penalties

for the one or more neighbouring co-channel cells comprises;
estimation of co-channel interference (CCI) wvalue between

the server s of the first cell and co-channel neighbour n as

substantially

CCI(s, n) = Y {cCI(s, i) .CCI(, n)}

for 1 common neighbours.

3. A method of frequency re-planning according to any one of
claims 1 and 2 wherein the step of estimating
channel/interference penalties for the one or more neighbouring

co-channel cells further comprises, for the case of only one

avallable co-channel interference value (CCI);
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the estimation of a co-channel 1interference penalty on
carrier x of server s of the first cell from carrier y of co-
channel neighbour n, with traffic utilisations  TU, as

substantially
penaltyls, x, n, y) = CCI(s, n) * TU(s, x) * TU(n, y) * C

where C 1s a constant, and all the terms of the equation are as

defined herein.

4, A method of frequency re-planning according to any one of
claims 1 and 2 wherein the step of estiinating
channel/interference penalties for the one or more neighbouring
co-channel cells further comprises, for the case of a plurality
k of co-channel interference values corresponding to a plurality
k of traffic types;

the estimation of a co-channel interference (CCI) penalty
on carrier X of server s of the first cell from carrier y of co-

channel neighbour n, with traffic utilisations TU as

substantially

penalty(s, X, n, y) =
(CCI, s, n) * TU,(s, X) + CCI (s, n} * TU,(s, X))+ ... + CCI, (s n)* TU,(s X))
* TU(n, y) * C

where the terms of the equation are as defined herein.
0. A method of frequency re-planning according to any one of

the preceding claims, wherein separate co-channel interference

penalties are estimated for separate traffic types.
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6 . A method of freqguency re-planning according to any one of
the preceding claims, wherein adjacent-channel 1interference
values (ACI) are used 1in place 0of co-channel 1nterference

values, an ACI being calculated substantially as

ACI(s, n) = ) {ACI(s, i) .ACI(i, n)f

for i common neighbours, where the terms of the equation are as

defined herein.

7. A method of frequency re-planning according to claim 1, and
further comprising the step of:

for the case of an MS served by a neighbour that lists a
given serving cell in its measurement report, the downlink
signal strength for the given serving cell DL RxLev recorded

therein 1s used to calculate an estimate of uplink receive level

for the given serving cell UL RxLev, substantially as follows;

UL RxLev = MS TxPwr - (BS TxPwr - DL RxLev)

where MS TxPwr 1s the MS transmission power and BS TxXPwr 1s the

transmission power of the given serving cell’s broadcast control

channel.

8. A method of frequency re-planning according to claim 7,

wherein the calculation of UL RxLev further includes a diversity

gain factor.

9. A method of frequency re-planning according to any one of
claims 7 or 8, further characterised by normalising
distributions of uplink receive levels obtalned or calculated
for measurement reports from a given serving cell and its

neighbours, to produce a probability density function
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Ps (S RxLev), for uplink receive levels at the gilven serving cell

-

for MSs 1n the given serving cell, and Pn(N RxLev), for uplink
receive levels at the serving cell for MSs from each neighbour

Il.

10. A method of frequency re-planning according to any one of
claims 7 to 9, further characterised by substantially
calculating the proportion of calls on a given server that would

be adversely affected by uplink interference caused by co-

channel assignment as

UL CoChannel CI = Z Z Ps (S_RxLev) x Pn (N _RxLev) X

S RxLev N Rxlev

Nbr Clash x Pc(S RxLev - N RxLev)

where Nbr Clash 1s a likelihood of traffic in neighbouring

cells, and Pc 1s a probability of unacceptable co~channel

interference, as defined herein.

11. A method of frequency re-planning according to any one of

claims 7 to 9, further characterised by substantially

calculating the proportion of calls on a given server that would

be adversely affected by uplink interference caused by adjacent

channel assignment as

UL_Adjacent_CI = » Y Ps(S_RxLev) x Pn(N_RxLev) x

S_Rxlev N RxLev

Nbr Clash X Pa(S RxLev - N RxLev)

where Nbr Clash 1s a 1likelihood of traffic in neighbouring

cells, and Pa 1s a probabllity of unacceptable adjacent-channel

interference, as defined herein.
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12. A method of frequency re-planning according to any one of
the preceding claims, wherein any one of a

i . a pre-computed; and

ii. empirical
look—-up table may be used to compensate for differing values 1n
a C/I matrix generated for a measured broadcast control channel

with respect to other traffic channels.

13. A method of frequency re-planning according to any one of
the preceding claims, wherein for the case where there are
insufficient measurement reports to provide a statistically
significant sample for a given C/I penalty value then, if
available, a corresponding C/I penalty value generated for the
same server-neighbour frequency relationships during a previous
re-planning exercise 1is used to replace the current value in

whole or part, with partial replacement taking the form of an

averaging of the two values.

14, A wireless communication system (100) for supporting
communlcation for a plurality of mobile stations (112-115) wvia a
plurality of cells, the system comprising a processor (175)
operable to generate a frequency re-use plan, the wilireless
communication system (100) characterised in that;

for a first cell having one or more neighbouring co-channel
cells for which measurement reports are unavailable,

the processor (175) 1is arranged to estimate 1n operation
channel/interference penalties for the one or more neighbouring
co-channel cells based upon the 1interference levels of common
neighbours of the first cell and the one or more neighbouring

co~channel cells.
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15. A wireless communication system (100) according to claim 14
wherein the processor (175) is arranged to estimate in operation
a co-channel interference (CCI) wvalue between the server s of

the first cell and co-channel neighbour n as substantially

CCI(s, n) = Z {CC’I(S, 1) CCI(4, n)}

1

for 1 common neighbours.

l6. A wireless communication system (100) according to any one
of claims 14 or 15 wherein the processor (175) 1s arranged to

estimate in operation, for the case of only one available co-

channel interference value (CCI);
a co-channel interference penalty on carrier x of server s
of the first cell from carrier y of co-channel neighbour n, with

traffic utilisations TU, as substantially

penaltyls, X, n, y) = CCI(s, n) * TU(s, x) * TU(n, y) * C

where the terms of the equation are as defined herein.

17. A wireless communication system (100) according to any one

o

of claims 14 or 15 wherein the processor (175) 1s arranged to

estimate in operation, for the case of a plurality k of co-
channel interference wvalues corresponding to a plurality k of
traffic types;

a co-~channel interference (CCI) penalty on carrier x of
server s of the first cell from carrier vy of co-channel

neighbour n with traffic utilisations TU as substantially
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penalty(s, x, n, y) =
(CCI,s, n) * TU,(s, X) + CCI, (s, n) * TU,(s, x) + ... + CCI, (s, n) * TU,(s, X))
* TU(n, v) * C

where the terms of the equation are as defined hereiln.

18. A wireless communication system (100) as claimed in claim

14 wherein

the processor (175) is arranged to use 1in operation, for
the case of an MS served by a neighbour that 1lists a given

serving cell in its measurement report, the downlink signal

strength for the given serving cell DL RxLev recorded therein to

f——

calculate an estimate of uplink receive level for the given

serving cell UL RxLev, substantially as follows;

UL RxLev = MS TxPwr - (BS TxPwr - DL RxLev)
where MS TxPwr is the MS transmission power and BS TxPwr 1s the
transmission power of the given serving cell’s broadcast control

channel.

19. A wireless communication system (100) according to claim 18

wherein the processor (175) is further arranged to calculate in

gr—

operation UL RxLev further including a diverslty gain factor.

20. A wireless communication system (100) according to any one

of claims 18 and 19 wherein in operation the processor (1735) 1s

arranged to calculate the proportion of calls on a given server
that would be adversely affected by uplink interference caused

by co-channel assignment substantially as
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UL CoChannel CI = Z Z Ps (S RxLev) x Pn(N_ RxLev) X

S RxLev N Rxlev

Nbr Clash x Pc(S_RxLev - N RxLev)

where the terms of the equation are as defined herein.

21. A wireless communication system (100) according to any one
of claims 18 and 19 wherein in operation the processor (175) 1s
arranged to calculate the proportion of calls on a given server

—
—

that would be adversely affected by uplink interference caused

by adjacent channel assignment substantially as

UL Adjacent CI = »  » Ps(S_RxLev) x Pn(N_RxLev) x

3 Rxlev N RxiLev

Nbr Clash x Pa(S RxLev - N RxLev)

where the terms of the equation are as defined hereiln.

22 . A communication unit (146, 172) operating i1n a cellular
communication system that comprises a plurality of cells, the
communication unit characterised by:

a processor (175) to facilitate a frequency re-planning

operation of the cellular communication system, wherein

for a first cell having one or more neighbouring
co-channel cells for which measurement reports are
‘unavailable, the processor (175) 1s arranged to
estimate channel/interference penalties for the one or
more neighbouring co-channel cells based upon the

interference levels of common neighbours of the first

cell and the one or more neighbouring co-channel

cells.
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23. A communication unit (146, 172) according to claim 22
wherein in operation the processor (175) is arranged to estimate

co~channel interference (CCI) between the server s of the first

cell and co-channel neighbour n as substantially

CCI(s, n) = Y {CCI(s, i) .CCI(i, n)}

X

for i1 common neighbours.

24. A communication unit (146, 172) according to any one of
claims 22 and 23 wherein in operation the processor (1735) 1s
further arranged to estimate, for the case of only one available
co-channel 1nterference value (CCI);

a co-channel interference penalty on carrier x of server s

of the first cell from carrier y of co-channel neighbour n, with

traffic utilisations TU, as substantially

penalty(s, x, n, y) = CCI(s, n) * TU(s, xX) * TU(n, y) * C

where the terms of the equation are as defined herein.

25. A communication unit (146, 172) according to any one of
claims 22 and 23 wherein in operation the processor (173) 1s
further arranged to estimate, for the case of a plurality k of
co-channel interference values corresponding to a plurality k of

traffic types;

a co-channel interference (CCI) penalty on carrier x of

server s of the first cell from carrier y of co-channel

neighbour n, with traffic utilisation TU as substantially



CA 02558867 2009-04-09

prenalty(s, X, n, y) =
(CCI, s, n) * TU,(s, X) + CCI, (s, n) * TU.(s, X} + ...+ CCI (s, n) * TU, (s, X))
* TU(n, y) * C

where the terms of the equation are as defined herein.

26. A communication unit (146, 172) according to any one of

claims 22 to 25 wherein in operation the processor (175) 1is

arranged, for the estimation of co-channel 1interference

penalties, to generate separate co-channel 1interference

penalties for separate traffic types.

27. A communication unit (146, 172) according to any one of

claims 22 to 26 wherein 1in operation the processor (175) 1is

arranged, for the estimation of adjacent-channel 1nterference

penalties, to use adjacent-channel 1interference values (ACI) 1in

place of co-channel interference values, the ACI being

calculated substantially as

ACI(s, n) = ) {ACI(s, i) .ACI(i, n)}

el

for 1 common neighbours, where the terms of the equation are as

defined herein.

28. A communication unit (146, 172) as claimed in claim 22

wherein;

for the case of an MS served by a neighbour that lists a
given serving cell in 1ts measurement report, the processor
(175) 1s arranged to use 1in operation the downlink signal
strength for the given serving cell DL RxLev recorded therein to
calculate an estimate of uplink receive level for the given

serving cell UL RxLev, substantially as;
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UL RxLev = MS TxPwr - (BS TxPwr - DL RxLev)

where MS TxPwr 1is the MS transmission power and BS TxPwr 1s the

transmission power of the given serving cell’s broadcast control

channel.

29. A communication unit according to claim 28 wherein the

processor (175) is further arranged to calculate in operation

UL RxLev further including a diversity gain factor.

30. A communication unit according to any one of claims 28 and
29 wherein in operation the processor (175) 1s arranged to

calculate the proportion of calls on a given server that would

be adversely affected by uplink 1nterference caused by co-

channel assignment substantially as

UL CoChannel CI = Z Z Ps (S RxLev) X Pn (N RxLev) X

S Rxlev N RxLev

Nbr Clash x Pc(S RxLev - N RxLev)

where the terms of the equation are as defined herein.

i

31. A communication unit according to any one of claims 28 and

—

29 wherein in operation the processor (175) 1s arranged to

s

calculate the proportion of calls on a given server that would

| .

be adversely affected by uplink 1nterference caused by co-

channel assignment substantially as
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UL Adjacent CI = »  » Ps(S_RxLev) x Pn(N_RxLev) x

S Rxlev N _RxlLev

Nbr Clash x Pa(S_RxLev - N_RxLev)

where the terms of the equation are as defined herein.
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