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+ I NCREASI NG THE CAPACI TY OF A CELLULAR RADI O NETWORK The
present invention relates to cellular radi o networks and par- ticularly
- to nmethods for increasing the capacity of a cellular radio network.
~Jhe nost significant factor reduci ng the capacity of radio systems is 5
the limted frequency spectrum avail able. The capacity of a radio systemis
t hus dependent on how efficiently the radio frequencies allocated to the
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10 in system capacity. This is counteracted by increased complexity in the net-
work as well as in the mobile units which must be capable of selecting a base
station from among several possible base stations. For example, if the same
frequency is reused in every ninth cell, the spectral allocation of N frequencies
permits the use of N/9 carriers simultaneously in any cell. Diminishing the cell

156 size or reducing the distance between cells using the same frequency will en-
hance capacity on the one hand but also increase co-channel interference on
the other hand. Therefore, selection of the reuse factor is often a compromise
between co-channel interference and the traffic carrying capacity of the sys-
tem.

20 Since the frequency spectrum allocated to a cellular radio network
is fixed and the number of subscribers is rapidly increasing, efficient use of the
allocated frequency spectrum is vital to any network operator. Hence, various
features increasing the traffic carrying capacity in the cellular network will pro-
vide much-needed relief to operators, particularly in crowded urban areas.

25 Radio network evolution towards high-capacity radio networks has the follow-
ing main alternatives: increasing the number of channels, splitting the cells
(small cells), microcellular networks, multi-layered networks, underlay-overlay
networks and other capacity enhancement concepts, such as half-rate chan-
nels, frequency hopping and power control. In the following, these alternatives

30 will be described in more detail.

INCREASING THE NUMBER OF CHANNELS

The simplest way to supplement capacity is through increasing the
number of channels. Since the allocated cellular spectrum per network oper-
ator is very limited, this method does not give relief from capacity problems.
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10 may eventually reduce cell sizes to the point where conventional planning
practices and radio systems do not work efficiently. Additionally, any significant
capacity enhancement is accompanied by major investments in BTS sites and
transmission connections. Splitting of cells is a good method for capacity relief
up to a certain point. Unfortunately, urban area capacity requirements are so
15 high that this method does not offer help in the long run. Cell splitting can
therefore only be used for short term relief.

MICROCELLULAR NETWORK

There is no exact definition of "microcellular network”. A cell having

a small coverage area and antennas below rooftop level could be the charac-

20 teristics in the definition of a "microcell”. Microcellular concepts are often mis-
takenly referred to as "multi-tiered”, but a "microcell’ can be deployed without a
multi-layer architecture. In implementing cell splitting below a certain limit and
placing antennas below rooftop level or in buildings, advanced solution radio
network planning and radio resource control is needed. An increased number

25 of BTS sites significantly increases the costs. For cells with a radius of 300 m -
1 km, signal variability due to shadow fading is very high compared to macro-
cells and relative to the coverage area of the small cells. These factors mean
that cell overlaps need to be very high in order to meet the desired overall
coverage; this is, of course, inefficient. Cells with a radius below 300 m experi-

30 ence more line of sight signal propagation and somewhat less signal variabil-
ity, which is helpful from a coverage point of view. However, antenna location

in these circumstances very significantly determines the actual coverage area.
Localized blockages which cause serious shadows effectively produce cover-

age holes. Small antenna location variations significantly aiter the effective-

35 ness and characteristics of the BTS site. There are two alternative solutions to
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In an underlay-overlay network, there are many ways to control the
handover between layers. The handover decision can be made on the basis of
field strength or power budget values. In this case, the interference level must

20 be predefined for each BTS site and the handover thresholds and transmit
power are adjusted to minimise the interference. The interference control is
always a statistical method and the resulting average quality is therefore not a
quality guarantee for a single connection. For this reason, the achieved in-
crease in capacity is questionable.

25 It is an object of the present invention to improve frequency utiliza-
tion in an underlay-overlay cellular radio network without increase in co-chan-
nel interference, and thereby to significantly improve capacity without any
major additional investments or extensive modifications to the network.

This and other objects of the invention will be achieved with a cel-
30 lular radio network which in accordance with the invention is characterized by
said allocated radio frequencies being divided into regular radio fre-
quencies for which lower frequency reuse is utilized to achieve a seamless
overall coverage, and super-reuse frequencies to which high frequency reuse
is applied to provide a high traffic carrying capacity,
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dmdlng the radio frequencies of the cellular radio network into
regular radio frequencies for which lower frequency reuse is utilized to achieve
seamless overall coverage, and super-reuse frequencies to which higher fre-
15 quency reuse is applied to provide a high traffic carrying capacity,
allocating to at least some of the cells both at least one regular fre-
quency and at least one super-reuse frequency so that the regular frequency
is intended to serve primarily in cell boundary regions and the super-reuse fre-
quency is intended to serve primarily in the vicinity of the base station,
20 controlling traffic load distribution in the cell between said at least
one regular and said at least one super-reuse frequency by means of intra-cell
handovers induced by estimated interference on said at least one super-reuse
frequency.

In the invention, the operating frequency spectrum of the cellular

25 network is divided into regular frequencies and super-reuse frequencies. By
means of these two sets of frequencies, two or more separate network layers

are provided, at least locally, in the cellular radio network in such a way that

typically both regular frequencies and super-reuse frequencies are employed
in each cell.

30 One layer, the ‘'overlay layer', utilizes regular frequencies and a
conventional frequency reuse pattern and cell coverage to achieve seamless
overall coverage. Frequency planning for regular frequency reuse is made by
conventional criteria using safe handover margins and requiring low co-chan-
nel and adjacent channel interference probabilities. Regular frequencies are

35 intended to serve mobile stations mainly at cell boundary areas and other
locations where the co-channel interference ratio is poor. The overlay network
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The cellular network controls traffic division into regular and super-
reuse frequencies by means of radio resource allocation at the call set-up
15 phase and later on during the call by means of handover procedures. The
capacity increase actually provided by such an underlay-overlay network is
essentially dépendent on how efficiently the mobile stations can be directed to
use the super-reuse frequencies'and how well call quality deterioration result-
ing from co-channel interference caused by an increased level of frequency
20 reuse can be avoided.

In accordance with the invention, this problem is solved by directly
and dynamically controlling the co-channel interference level of each specific
call. The radio network estimates the degree of interference on different fre-
quencies and directs the mobile stations to those frequencies that are suffici-

25 ently "clean” of interference to sustain a good radio connection quality. More
precisely, the cellular network continuously monitors the downlink co-channel
interference of each super-reuse frequency in the cell individually for each on-
going call. The call is handed over from a regular frequency to a super-reuse
frequency when the co-channel interference level on the super-reuse fre-

30 quency is sufficiently good. When the co-channel interference level on the
super-reuse frequency deteriorates, the call is handed over from the super-
reuse frequency back to a regular frequency. On the basis of the profile of
interference each mobile is exposed to, the cellular network determines the
most appropriate frequency for the call connection. The use of measured co-
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In the primary embodiment of the invention, the co-channel interfer-

ence level is estimated by comparing the downlink signal level of the serving

20 cell and the downlink signal levels of those neighbouring cells which use the
same super-reuse frequencies as the serving cell. The radio network can cal-
culate the estimated co-channel interference level at the location of each
active mobile station. The calculation of the co-channel interference is based

on the measurement results on the BCCH frequencies of the mobile station,

25 which the mobile station measures also for a normal handover and reports to
the cellular network. In fact, one of the advantages of the invention is that it

does not require any modifications to mobile stations in conventional cellular
networks.

The invention will be explained in the following by means of pre-
30 ferred embodiments with reference to the accompanying drawing, in which

Figure 1 illustrates part of a cellular radio system in which the in-
vention can be applied,

Figure 2 illustrates a conventional cellular radio network employlng
one frequency reuse pattern,
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10 Figure 7 illustrates base station-specific and transceiver-specific
parameters set in the database of the base station controller.

The present invention can be applied to all cellular radio systems. |

The present invention is particularly suited to cellular systems em-

ploying mobile-assisted cellularly controlled handover, such as the pan-Euro-

15 pean digital mobile communication system GSM (Global System for Mobile

Communications) and in other GSM-based systems, such as DCS 1800

(Digital Communication System), and in the U.S. digital cellular system PCS

(Personal Communication System). The invention will be described in the fol-

lowing by using the GSM mobile communication system as an example. The

20 structure and operation of the GSM system are well known to those skilled in

the art and are defined in the GSM specifications of ETSI (European Tele-

communications Standards Institute). Furthermore, reference is made to M.

Mouly & M. Pautet, GSM System for Mobile Communication, Palaiseau,
France, 1992; ISBN: 2-9507190-0-7.

25 The general structure of a GSM-type cellular network is illustrated in
Figure 1. The network is composed of two parts: a Base Station Subsystem
BSS and a Network Subsystem (NSS). The BSS and mobile stations MS
communicate via radio links. In the base station subsystem BSS, each cell is
served by a base station BTS. A number of base stations are connected to a

30 base station controller BSC, the function of which is to control the radio fre-
quencies and channels employed by the BTS. The tasks of the BSC also in-
clude handovers in cases where the handover is performed within the BTS or
between two BTSs both of which are controlled by the same BSC. The BSCs
are connected to a mobile services switching centre MSC. Certain MSCs are
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wher eas fyfe FiRRfons S HEEh BERHISEY-CPin Figure 1. A hexagonal cell is quite different
from the actual world, but is still a good way of approximating the network. The
cells may have different configurations, such as omni, bisectoral, trisectoral,
etc.

“The basic principle of a cellular network is frequency reuse, in other

16 words, the same frequency is reused in cells with a given spacing. Reuse is
usually represented by a frequency reuse pattern, composed of a cluster of
cells using different frequencies. Cluster size, i.e. the number of cells in a
cluster, is often used as a yardstick for the reuse factor. For example in Figure

2, the reuse pattern or cluster 20 comprises 9 cells using mutually different

20 frequencies or sets of frequencies A, B, C, D, E, F, G, H and |. The same fre-
quencies are reused in clusters of the same size throughout the cellular net-
work. The cluster size, cell size and spacing between two cells using the same
frequency are determined by the desired C/l (carrier-to-interference) ratio,
which is the ratio of the desired receiving signal level to the received interfer-

25 ence signal. The most significant interference is usually co-channel interfer-
ence from another cell using the same frequency. This causes the planning
problem stated in connection with the description of the prior art: Enhance-
ment of frequency reuse, e.g. reducing cell size, increases the traffic carrying
capacity but also the co-channel interference. One prior art solution is a muiti-

30 layer network having a "coverage layer" provided by one cell layer, e.g. mac-
rocell network, and a "capacity layer” provided by one cell layer, e.g. microcell
network. However, forming of the other cell layer requires considerable in-
vestment and modifications to the network. Furthermore, handover control
between the layers has been based on the field strength or power budget, and



never a BCCH frequency. Call set-up and handover from another cell is
always first carried out to a regular frequency in the cell, whereafter an
under - | ay- overl ay handover in accordance with the invention to a
super-reuse fre- guency of the cell may be perforned. 10

St and- al one m crocells may be configured solely to use the super- reuse
frequencies. Such a mcrocell is termed agchild cell herein. By estab-
Ilshlng appropri ate handover connecti ons, a child cell at a good |ocation,
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15 BTS. Handover is normally induced on the basis of the criteria for the radio
path, but handover may also be due to other reasons, including load distribu-
tion. The procedures and calculation on the basis of which the handover deci-
sion is made are called a handover algorithm.

For example in accordance with the technical recommendations for

20 the GSM system, the mobile station MS monitors (measures) the downlink

signal level and quality of the serving cell and the downlink signal level of the

cells surrounding the serving cell. The MS is capable of measuring 32 cells at

most and reporting the measurement results of the six best BTS to the BSC.

The BTS monitors (measures) the uplink signal level and quality, received

25 from each mobile station MS served by said base station BTS. All measure-

ment results are forwarded to the BSC. Alternatively, all handover decisions

can be made in the MSC; in that case, the measurement results are forwarded

to the MSC as well. The MSC also controls at least those handovers that are
made from the area of one BSC to the area of another BSC.

30 When the MS roams in the radio network, handover from the serv-
ing cell to a neighbouring cell is normally effected either when (1) the meas-
urement results of the MS and/or BTS show a low signal level and/or signal
quality for the downlink signal of the currently serving cell and a better signal
level is to be obtained from a neighbouring cell, or when (2) one of the neigh-



c 7 Figure 3 illustrates a cellular network in accordance with

the i nven- tion, enploying regular and super-reuse frequencies,

Figure 4 illustrates underlay and overlay |ayers provided by the
Super-reuse frequencies and regul ar frequencies respectively in the network
of 5 Figure 3, Figure 5 represents a schematic bl ock diagram
of a base station in accordance w thgsdhe invention,

Figure 6 represents a schematic bl ock di agram of a base station
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level. The candidate cells may, however, be ranked according to specific prior-
ity levels on other grounds as well.

2.0 UNDERLAY-OVERLAY NETWORK IN ACCORDANCE WITH THE
INVENTION

16 In the invention, the operating frequency spectrum of the cellular
network is divided into regular frequencies and super-reuse frequencies. By
means of these two sets of frequencies, two or more separate "network layers"
are provided, at least locally, in the cellular radio network in such a way that
typically both regular frequencies and super-reuse frequencies, to which mutu-

20 ally different reuse factors are applied, are employed in each cell. An excep-
tion is made by a child cell, which will be described in detail below. Figure 3
illustrates a cellular network in accordance with the invention, which has been
formed by adding super-reuse frequencies into the cells of the conventional
cellular network of Figure 2. Figure 4 illustrates how the regular and super-re-

25 use frequencies in the cells form two separate "network layers” in the fre-
guency domain.

One layer 41, the 'overlay layer', utilizes the regular frequencies of
cells 10, i.e. A, B, C, D, E, G, H and I, and a conventional frequency re-use
pattern and cell radius to produce seamless overall coverage. Frequency

30 planning for regular frequency reuse is made by conventional criteria using
safe handover margins and requiring low co-channel and adjacent channel
interference probabilities. Regular frequencies are intended to serve mobile
stations mainly at cell boundary areas and other locations where the co-chan-
nel interference ratio is poor. The overlay network also provides interference-

35 free service in the overlapping cell areas required for handover control and



comuni cations Standards Institute). Furthernore, reference is made to M
Mouly & M Pautet, GSM System for Mbil e Comruni cati on, Pal ai seau,

France, 1992; |SBN. 2-9507190-0-7. 25 The general structure of a
;GSMtype cellular network is illustrated in Figure 1. The network is
conposed of two parts: a Base Station Subsystem BSS and a Networ k
Subsystem (NSS). The BSS and nobil e statjlﬁ)ns VS comuni cate via radio
Jinks. In the base station subsystem BSS, each cell is served by a base

tati BTS. i i
Sontrol I er égmﬁ%@é m@i@%ﬂ:ﬁ@ ; ﬁgfgi%%‘fé% -ﬁ*héﬁ“%a?*ﬁ?égfﬁ o
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8 c 0Bnexdodiidariced Withr thee Irerention! s cairtied Dubavithin dbe phiyadicalsmbbrogeills) i ¢

i t ched . T ' f '
oot 1S5S angnicPSRTIBSIARL Iy % Bearll SRR SRR e SRR RO
(GQVBC) . is a unidimensionakteihilarynetiiogki ire accaidance avithy Figuse 1S whithothe base

station 5 L. Wwhich nine base stations BTS1-BTS9 are connected to
a base ﬁ'gﬁiﬁﬁgdﬁt%m ler BSC, the radio areas of the base stations

constituting Another layer (or several other layers) 42, the 'underlay layer', is
10 composed of the super-reuse frequencies S1, S2 and S3 of the cells. It is thus
to be noted that the invention typically employs only one physical cell layer
and that the overlay and underlay layers are not made up by different physical
cells by different frequencies or sets of frequencies in the same physical cell.
The underlay network employs a very tight frequency reuse pattern, so that a
15 smaller coverage, represented by a small hexagon 11 in'Figure 3, is created
for the super-reuse frequencies within regular cell 10. Provision of extended
capacity is based on the fact that in the underlay network the same frequency
can be reused more often than in the overlay network, and hence more trans-
ceivers can be allocated within the same bandwidth. In the example of Figures
20 3 and 4, the cluster size of the underlay layer is 3, and thus the number of
transceivers per frequency can be nearly tripled compared with the overlay
layer (cluster size 8). The super-reuse frequencies are intended to serve
mobile stations which are close to the BTS, inside buildings and at other loca-
tions where the radio conditions are less vulnerable to interference. As illus-
25 trated in Figures 3 and 4, the super-reuse frequencies do not provide continu-
ous coverage but rather form separate islands. However, it is possible,
depending on the frequency reuse factor, that also the super-reuse frequency
coverages overlap. '

A cellular network may employ several sets of super-reuse frequen-
30 cies to which similar or different reuse is applied independently. Each set of
super-reuse frequencies thus forms a distinct underlay "network layer”.

Division of cell frequencies into regular and super-reuse frequencies
is controlled transceiver-specifically at the base station BTS. All radio trans-
ceivers (TRX) at the BTS are defined either as regular TRXs or super-reuse

35 TRXs (a child cell is an exception). The radio frequency of a regular TRX is



reepect ive radio cells C1-C9. 1. 0 CONVENTI ONAL CELLULAR NETWORK
The cellular network can be drawn as a conbination of circles or 10

hexagons, such as cells C1-C9 in Figure 1. A hexagonal cell is quite

di fferent fromthe actual world, but is still a good way of

approxi mating the network. The cells may have different configurations,
such as omi, bisectoral, trisectoral etc. The basic

.principle of a cellular netvvork S freque%cy reuse, in other 15 words, the
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and Regular and super-reuse frequencies may also have separate antennas, for
instance to obtain as advantageous a coverage as possible for the super-
reuse frequencies. TRXs 51 and 52 are further connected to transmission
system equipment 55 providing connection to a transmission link to the BSC,
20 e.g. a2 Mbit/s PCM link. The operation of the TRXs 51 and 52 is controlled by
controller unit 53 having a signalling connection with the BSC through the
transmission system equipment §5. The BTS in accordance with the invention
may be a fully commercial base station, e.g. GSM Base Station DE21 by
Nokia Telecommunications Oy. What is essential to the invention is the divi-
25 sion of the frequencies used by the TRXs.

An exception to the cell and base station principle presented above
is a 'child cell'. A child cell is an individual physical microcell having a suitable
location, i.e. a traffic hot spot, and configured to use super-reuse frequencies
only. In other words, in view of frequency spectrum division, the child cell is

30 located on one of the underlay layers and is capable of handling more traffic
than a regular cell in its vicinity by establishing appropriate handover connec-
tions. Since a child cell is an independent cell, it employs a super-reuse fre-
quency as its BCCH frequency. For a child cell, however, in the primary em-
bodiment of the invention a barring parameter preventing call set-up directly to

35 the child cell is sent on the BCCH frequency. Thus a child cell can only be



.9 thus the connection quality and capacity increase achieved in the
cel l ul ar net - wor k are questionabl e, as explained above in connection
with the prior art. 1.1. Conventional handover As is
wel | known, nobile stations M5 can roamfreely within the 5 area of the
‘nobi | e communi cation system fromone cell to another. Handover Is only
re-registration with another cell when tH% nobi |l e station does not have
-any ongoing call. Wen the nmobile station”M5 has an ongoing call during the
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10 overs. Controller unit 62 handles all control operations within the base station
subsystem BSS, such as the execution of handover algorithms. Network con-
figuration database 63 contains all handover and configuration parameters of
the base station subsystem BSS. All parameters required by the underiay-
overlay feature in accordance with the invention are stored in the database 63.

15 One of the base station-specific and TRX-specific parameter settings included
in the database 63 is depicted in Figure 7; herein TRX-specific parameters
define, for instance, whether a regular or a super-reuse TRX is concerned.
The other parameters will be described in détail below. The present invention
only requires the modifications to be more closely described below to the

20 functions of the controller unit 62 and to the parameter settings in the data-
base 63. Otherwise the BSC of the invention can be implemented with any
commercial BSC.

3.0 INTELLIGENT UNDERLAY-OVERLAY HANDOVER

- 3.1 General principle

25 ~ The capacity increase practically provided by the underlay-overlay
network of the invention is dependent on how efficiently the mobile stations
MS can be directed to use the super-reuse frequencies and how well call
quality deterioration is simultaneously avoided.

In the invention, the BSC controls traffic division into regular and

30 super-reuse frequencies by means of radio resource allocation at the call set-
~up phase and later on during the call by means of a handover. The BSC allo-
cates a traffic channel to the call to be set up or to a call handed over from an-
other regular cell at a regular TRX only, wherefore a regular cell must have at
least one regular TRX, typically a BCCH TRX, as illustrated in Figure 5. After



. si gnal | evel and quality of the serving cell and the downlink signal |evel

of the cells surrounding the serving cell. The M5 is capabl e of
measuring 32 cells at nost and reporting the neasurenent results of the
six best BTS to the BSC The BTS nonitors (measures) the uplink signal
level and quality, received 25 from each nobile station M5 served by said
“base station BTS. Al neasure- ment {gsults are forwarded to the BSC
Alternatively, all handover deC|S|ons can be nmade in the MSC, in that
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quencies of the cell.

Example: A super-reuse frequency 90 has been allocated to cells A

and B, and the cells are close enough to each other to cause interference.

15 When the downlink signal level of the serving cell A is -70 dBm and the signal

level of the adjacent cell B is -86 dBm, the downlink C/I ratio of the super-
reuse TRX (frequency 90) of cell A is 16 dB.

The BSC always hands the call from the regular TRX over to the
super-reuse TRX when the downlink C/I ratio of the super-reuse TRX is suffi-
20 ciently good (handover HO, in Figure 4). If the downlink C/I ratio of the super-
reuse TRX becomes poor, the BSC again hands the call from the super-reuse |
TRX over to the regular TRX in the same cell (handover HO, in Figure 4). If
there is also a child cell under the BSC - such as child cell 44 in Figure 4 -
which is adjacent to the regular/serving cell, the BSC continuously monitors
25 the downlink C/l ratio of each super-reuse frequency of the child cell during
each call. The call is handed over from the regular cell to the child cell when
the downlink C/I ratio of the child cell is sufficiently good (handover HO, in Fig-
ure 4). If the downlink C/l ratio of the child cell becomes poor, the call is
handed over from the child cell to one regular/parent cell adjacent to the child
30 cell (handover HO, in Figure 4).

The above-described radio resource allocation and handovers
together form an intelligent underlay-overlay feature in the cellular network;
this feature is controlled by means of various parameters as illustrated in Fig-
ure 7. These required parameters are stored in the network configuration

35 database 63 at the BSC (Figure 6). The network operator can administer the



_cellsin this cont ext, and the final target cell for handover is selected

from these. At its sinplest, the selection of the target cell may be
effected by select- 10 ing a candidate cell having the best radio path
properties, i.e. the best signal | evel . The candi date cells may,
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15 3.2 Processing of radio link measurements
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As stated previously, underlay-overlay handover decisions made by
the BSC are based on measurement results reported by the MS and on vari-
ous parameters. Database 63 at the BSC is capable of maintaining a meas-
urement table of 32 neighbouring cells per each call and storing the measure-

20 ment results as they arrive. Furthermore, a specific number of interfering cells
has been defined for each super-reuse TRX, as illustrated in Figure 7. The
interfering cells must be adjacent to the serving cell, as the MS only measures
cells defined in the list of neighbouring cells. in the primary embodiment of the
invention, for the BSC to be able to monitor several super-reuse TRXs and

25 cells interfering with them simultaneously for one call, it must be possible to
define five interfering cells at most to each super-reuse TRX. This enables
simultaneous monitoring of all super-reuse TRXs at the BSC.

The information on the cells being measured is sent to the MS in a

neighbouring cell list. The MS measures the cells defined in the list and

30 reports the measurement results of the six strongest neighbouring cells to the
BSC. The interfering cells must be adjacent to the serving cell, otherwise the

MS is not capable of measuring and reporting the signal levels of the interfer-

- ing cells. In any case, the measurement results of the interfering cells are
often weaker than those of the six strongest neighbouring cells, wherefore the



. nei ghbouring cell nmeasurenments by a nobile station. Hence, an overlay net-
work is typically a conventional cellular radio network. It nmay also be a
cel | | ayer in a network conprising two physical cell layers, e.g. a
macrocel |, mcro- cell or picocell layer. In such a case, the frequency
spectrumdivision in 5 accordance with the invention is carried out within
“t he physical nacrocells, mcrocells 4 picocells. In the exanple of
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capacity is based on the fact that in the underlay network the sane
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| ayer is1G, thedmeasardrhent sainple odre occtipieds dhevweakestr RXIeEMecf:ylheaslme
nearly triplggdoROqRaIs Tk Whidled s MEfkeB¥urement value for those interfering cells
that are missing from the measurement - sample. When the MS reports the
measurement results of less than six neighbouring cells, a zero is entered as
the measurement value for those interfering cells that are missing from the
16 measurement sample. |

2) The measurement value is used for calculating an interference
level estimate. For those cells whose measurement values are used for cal-
culating an interference level estimate and are missing from the measurement
sample, a zero is entered as the measurement value.

20 In order for the result to have maximum reliability, the BSC can cal-
culate an average of several measurement results, which is then used in the
C/l evaluation.

3.3. C/l evaluation

C/l evaluation is carried out each time the BSC receives measure-
25 ment results and an average of these is calculated.

If the call is on a regular TRX, the C/l evaluation concerns every
super-reuse TRX of the serving cell and those child cells which are adjacent to
the serving cell. In such a case, the evaluation strives to find a super-reuse
TRX having a sufficiently good C/l ratio for handover.

30 if the call has been handed over to a super-reuse TRX, the C/i
evaluation concerns only the super-reuse TRX itself. In such a case, the pur-
pose of the evaluation is to monitor whether the C/l ratio of the super-reuse



. layer (cluster size 8). The super-reuse frequencies are intended to serve
nobi |l e stations which are close to the BTS, inside buildings and at ot her

| oca- tions where the radio conditions are |less vulnerable to
interference. As illus- 25 trated in Figures 3 and 4, the super-reuse
frequenci es do not provide continu- ous coverage but rather form
-separate islands. However, it is possibley dependi ng on the frequency
reuse factor, that al so the super-reuse frequency cover ages overlap
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anmong the retpsulis are dapidovwinlisk RXLEV of the servingerll the dowalialy R¥LEV of the
super - reuse interfdring béi!soaﬁd e HBRNANME RXLIERLSEtHS SRIESS!. SThe au%métérs are and

S3. Each BTS | ti oadcast cont r
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level estimate from the signal level of the interfering cell. CIEstWeight is the
weighting coefficient of the interfering cell (1...10). ClEstType indicates
whether the signal level of the interfering cell is considered as a directly meas-
ured interference level or whether the signal level of the interfering cell is a

15 reference value which is used for calculating an interference level estimate.

By comparing the downlink RXLEV of the super-reuse TRX and the
downlink interference level, the BSC cén calculate the C/I ratio of the super-
reuse TRX.

20 3.3.1. Calculation of the RXLEV of the super-reuse TRX
For the above comparison, the RXLEV of the super-reuse TRX
must first be determined.

In the following, cases in which the super-reuse TRX is allocated to
a regular cell (case 1) or to a child cell (cases 2 and 3) are considered.

25 1) The average downlink receiving level AV_RXLEV_TRX(k) of the super-
reuse TRX of a regular cell is calculated in the following way:

(AV_RXLEV-TRX(K)=AV_RXLEV_DL_HO+BS-TXPWR_MAX-BS_TXPWR) (1)

30 where AV_RXLEV_DL_HO is the average downlink RXLEV of the
serving cell. BS_TXBWR__MAX-BS_TXBWR is the difference between the
maximum downlink RF power permitted in the serving cell and the actual
downlink power due to the BTS power control.



.therein the BCCH frequency is a super-reuse frequency. The
base station BTS of cell 10 is typically furnished with both types of
TRX. Figure 5 illustrates a BTS in accordance with the invention,
conmprising 10 two TRXs 51 and 52. It is to be noted, however, that there
may be any desired nunber of TRXs. TRX 51 is a regular TRX whose radio
frequency A is one of the regul ar freguencies and al so provides the
BCCH frequency for the cell. TRX 52 is a super-reuse TRX whose radi o
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C e e SoRRIAN Feaina, eulAMROLER, PRk et e Cotmar Tebsa TaX adidts
frequenci es timyavdrage tiownlink peceivingdevelofdlse child cell. i nstance to obtain as
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TRXs 51 and 52 are f8y When dhenchildedel dstthenservmgi oell, the ayerape dqwinfinknt

55 providigg

Vbi {15 po e oV AN FRXCEGCTRRY dine sbel-feust TRX is collafiatlq if e
control | er ufallows¥ WaYi ng a signal ling connection with the BSC thr ough t he
transm ssi on system equi pnent 55. The BTS in accordance with the invention
may be a fully commercial base station, e.g. GSM Base Station DE21 by
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cel | can onl byiibe interfering cell.

3.3.4. Estimated interference level

20 If the call is on a super-reuse TRX (BCCH frequency) of the child
cell or the child cell is a handover candidate and the potential source of inter-
ference is another child cell with the same super-reuse frequency (also BCCH
frequency), the corresponding interference level cannot be directly measured
and reported by the MS because of the same BCCH frequencies. In this case,

25 the BSC can only estimate the level of interference caused by the other child
cell by means of the signal levels which the MS can measure and report.

If the RF signal profile of a regular adjacent cell is similar to the
interference profile within the coverage area of the serving cell, it is possible to
define the regular adjacent cell as the interfering cell (reference cell) instead of

30 the true source of interference. The RF signal profile is considered the same
as the interference profile when the ratio between the RF signal level and the
interference level (for example 6 dB) remains approximately unchanged within
the service area of the serving cell. This ratio is represented by means of the '
above parameter LevelAdjustment set for each interfering or reference cell, as



13 reached by handover from an adjacent regular cell, which is terned a

par ent

cell. Figure 4 shows a child cell 44 having a super-reuse

frequency $4. The cellular network, in the primary enbodi nent
"‘6f the invention a BSC, controls traffic division into regular and
‘'super-reuse frequencies by 5 neans of radio resource allocation at the call
"“set-up phase and later on during the1 aII by nmeans of handover

procedures.

Figure 6 shows a schematic bl di agram of a BSC. A group

f\cl)mut Fggef\a/t\ll ﬁﬂu%fa}%‘d %%'¢@b§%M€§Rs H c@ﬁt ﬁ" i® néi%z%&%&he ar oup

swi t ch GSw ithe papamgtar GIEsttrpeect call's in intra-BSC hand- 10 overs.

Controller

unit 62 handles all control operations within the base station

subsystem BSS, such as the execution of handover algorithnms. Network con-
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25

30

Rtk may employ several calculation methods, which are selected for instance
cell-specifically by means of special parameters. The average taking method
will be described by way of exampie in the following.

Average taking method

The estimated downlink interference level AV_RXLEV_ESTM(k) is
calculated by means of the average taking method in the following way (when
only the RXLEVs of the reference cells are taken into account):

AV_RXLEV_ESTM(k) =

[WA(K) * (AV_RXLEV_INTF1(k) + LEV_ADJ_INTF1(k) ) + ,
W2(K) * (AV_RXLEV_INTF2(k) + LEV_ADJ_INTF2(k) ) }/ (3)

WA (k) + W2(K) + W3(K) + WA(K) + W5(k)]

The downlink C/I ratio CI_RATIO(k) of the super-reuse transceiver
TRX(k) is calculated by means of the average taking method in the following
way (when only the RXLEVs of the interfering cells are taken into account;
instead of the RXLEVs of the reference cells, the downlink interference level
AV_RXLEV_ESTM(k) estimated by means of equation 3 is used): '

CI_RATIO(k) =



. 3.0 I NTELLI GENT UNDERLAY- OVERLAY HANDOVER 3.1 Ceneral principle 25
The capacity increase practically provided by the underl ay-overl ay
network of the invention is dependent on how efficiently the nobile
stations M5 can be directed to use the super-reuse frequencies and how
wel | call quality deterioration is sinultaneously avoi ded.

“In the invention, the BSC controls traff%& division into regular and 30
super-reuse frequencies by neans of radi®'resource allocation at the cal

t- d i f . Th
hec al | o. P IWERFAVIRIER] TR0V XY CllTESo-TRODACD INTESRIRY T T0°
handed over WAGKI GV RXLEM TRX (KM RXIdeY L INTF 46Ky GWL ADITRKTBHKNIF

wherefore a reguAVCRMLEWSEIRRAYAIRXLEY E8IM(RPe regul ar TRX, yyypically
a BCCH TRX, as illusTratedT™n FIigure 5. AfTer

14 this, the BSC nonitors the dowmlink C'1 ratio on each super-reuse
f requencysof( W3(k)t+e 4@gw #y cell separately for each ongoi ng cal (4) The
nonitoring is accom plished in such a way that the BSC cal cul ates the
downlink C/1 ratio of the super-reuse TRX by neans of various
paranmeters and by nddné ADJniNEI(k) isSthewdjusteent pararaptert(bavelAdjustment)i a

the BTS. ThefhbNhtdierinyirdidfente! ciVahd Vx(k) is the weighting coefficient of the

interfering/reference cell (parameter ClEstWeight, set for each interfering cell).

10 3.4. Handover threshold comparison

The underlay-overlay feature in accordance with the invention intro-
duces two special handover thresholds in addition to the normal handover
thresholds:

- SuperReuseGoodCiThreshold is a threshold used in the compari-
16 son of the downlink C/I ratio of the super-reuse TRX to initiate a handover to
the super-reuse TRX.

- SuperReuseBadCiThreshold is a threshold used in the compar-
ison of the downlink C/I ratio of the super-reuse TRX to initiate a handover
away from the super-reuse TRX. Both handover thresholds are composed of

20 three parts: the actual threshold (CiRatio), the total number of comparisons
(Nx) to be taken into account before a decision is possible, the number of
comparisons out of total comparisons (Px) where the downlink C/l ratio has to
be lower/greater than or equal to the threshold before any measures are pos-
sible. Each time the PSC receives measurement results from MS1 (e.g. after

25 each SACCH multiframe), the BSC compares the downlink C/l ratio of spe-
cified super-reuse TRXs with a specified handover threshold. When the call is
on a regular TRX, the threshold comparison concerns every super-reuse TRX
of the serving cell and those child cells which are adjacent to the serving cell,
and the handover threshold is SuperReuseGoodCiThreshold. If the call has

30 been handed over to a super-reuse TRX, the threshold comparison concerns
only the super-reuse TRX itself and the handover threshold is SuperReuse-
BadCiThreshold.

The threshold comparison and the steps to be taken are as follows:



ation is sinple. By conparing the downlink signal |evel of the serving cel
(C= Carrier) and the downlink signal |evels of the neighbouring cells
(I =Interfer- ence) which use the same super-reuse frequencies as the
-serving cell, the BSC can calculate the C1 ratio on the super-reuse
“frequencies at the |location 10 of each active nobile station M5. The C

L can be calculated in this way, since {he downlink transmt power is the
*same on the regular and super-reuse fre- quenC|es of the cell.

B and ihe cells ;?‘e‘ﬁe%@@%ﬁﬁ% 0f s BTG, g "L RARCHRL Wit Syper-*15
Wien t he doReuseGeodCidhresheold. | fat {east in Bxi ¢gnmparisonsoutsof the tobrh Nx gomre
si gnal rp%V%anfthEh@ioWi'illﬁRe@?I Fatld oP th &Sﬁf&rﬂ%ﬂhetmxdwhmdékj fgatio

of the supe reuse re Als
The BSC af)wgamrm%n pﬁ@qean( thedhre L@@w@r fram @ tegular TRX

super - r euse toRswpErretise TRXK) can be/ madebhcao@buhhof thegod €A s&tidRX i s
suffi- 20 ciently good (handover HJ err] in Figure 4). If the dowlink I

rati o of the super- 2) Compasisoi ROf ﬂhecdmwslmkoﬁfl ratioeCBFAHEHK) witln Ssipehe
call fromt r. cel |
(handover é%ﬁdr]élgﬂ?{srhg '%%f%f‘gg& n trcgﬁ}d;,aﬁg% aJUt-gc??]ichr]tocel Iﬁ%&]&r t he
BSC - such azartaansdhedqwmlmku lratgmfstm super-reyse JiRX, Cla BAIOHK), i® lawer
regul ar/ ser thaf diddual Y thdfireSIRAI CIRANS] o HERALYSF frortPa slBeflRtie TRXEK)
rati o of  each su r r t'nec% L h{L during each “cal | .
The cal |1 B f'?é‘?ﬁ‘i@?%@ﬁ? ntofthe bad {kratier | g ceII when

t he downl i nk C/I ratlo of the child cell is sufficiently good (handover
HJ err] in wnlink C/1 ratio of the child cell
becones pooré'g Hgn&l&ﬁp‘?d@usmmﬂﬂggﬂ?@%r fromthe child cell to one

regul ar/ par enb. £ hira-2ell HapdovéOfrbimea eé(}jdlé# TRXasld sddéandey@WHxO[ err] in

F 4 N
and handovers 1 oJR SICFERaRTIRGS IS POFYBY I el TaRdEes wHER fhes | ¢

t he cel | ul arharefover threshold comparison indicates that a handover the cause of which
15 is a good C/l ratio, can be made from a regular TRX to a specified super-reuse
TRX. If there are several super-reuse TRXs in the serving cell which meet the
handover requirements for the C/l ratio simultaneously, the handover algo-
rithm ranks the super-reuse TRXs according to the C/l ratios. If there is an
appropriate super-reuse TRX in the serving cell and in the child cell at the
20 same time, the BSC prefers the child cell to the serving cell. In other words,
the BSC performs an inter-cell handover to the child cell instead of the intra-
cell handover.

3.5.2. Intra-cell handover from a super-reuse TRX to a regular TRX
25 The BSC recognises the necessity to make a handover when the
handover threshold comparison indicates that some of the following criteria for
a handover are present: downlink interference, downlink quality and bad C/I
ratio. When the cause of the handover attempt is downlink interference or
downlink quality and the intra-cell handover to a regular TRX fails, the BSC
30 may perform a handover to another regular cell in order to maintain the call.



this feature is controlled by means of various paraneters as illustrated in

Fi g- ure 7. These required paraneters are stored in the network
configuration 35 database 63 at the BSC (Figure 6). The network operator
-ean adm ni ster the 15

-paraneters for exanple through the operations and mai ntenance centre OMC
.. of the network. The underl ay-overlay fe re in accordance wth the
"I nvention has special requirenments f every stage of the handover

“al gorithm ess- I ng of asurenment res t hreshol d conpari son
and deci si og{%ﬁgﬁtfq’ﬁﬁu h%"&%‘(ﬁéﬁ%ﬁﬁg§,L’p?ﬁﬁeq§?tublﬁgﬁgent under| ay- overl ay
feature in accordanddesBSIC résognises theenecassity fosnaké abapdover whent thet he
above-descri s A 00; o ThtS A fact
fhat the BearSovefHRShoky EoEkisBhRuicates thaR"an, ilka-ogh Rfdbl, Yhel 20
ari si ng fromauserafiwhielis uplink intederencegmight b pquireds lfthe. intrgseell hand-
fr e?uenci §s dv%ﬁ%ﬁéﬁfpth@'&i\@g%r?t@{eﬁé@éb eromlamg rblfemé ihapdbvélR ﬁt?tjéhabl'iédt]l, |
criteria, s power Qhudge ow.si gnal .| evel or poor, si uality.
'n the fol | 4 EC AV hertTd Sither 81 Tt Sal HertiGyerAT Rk ariboRtore o’
accor dance w tsguldreTRX\ir ordertoanaintkinthe balll i n detail, these steps being:

1) processing of radio link neasurenents, 2) C'| determ nation procedure,
3) handover threshold conparison, and 4) selection of a handover candi date.

15 3.2 Proc i4n _ ' i ; - As stated
previ ousl ,e‘ﬁ?\#é?‘?t%ﬁ/%@g?ﬁgévﬁﬂﬁﬁgﬁg{ggﬂggg c&ullgecekl)l the BSC are

based on1Beasur enentTheBSG §9¢Q3515$Qseﬂ‘909°$9ri'éiliwoaﬁ@k8rg \handover when the

handover threshold comparison indicates that a handover, the cause of which
is a good C/1 ratio, could be made from a regular TRX to a specified super-
reuse TRX of the child cell. In order for the handover to the child cell to
- become possible, the child cell must also satisfy the following requirements for
15 the radio link properties:

1. AV_RXLEV_NCELL(n) > RXLEV_MIN(n) + MAX(0, Pa)
where Pa = (MS_TXPWR_MAX(n) - P) (5)
2. PBGT(n) > HO_MARGIN_PBGT(n)
20
RXLEV_MIN(n) is the level which the signal level AV_RXLEV_
NCELL(n) in the child cell (n) must exceed before the handover is possible.
This parameter is set for each adjacent cell for the normal handover algorithm.
MS_TXBWR_MAX(n) is the maximum RX power than an MS is permitted to
25 use on a traffic channel in the adjacent cell. H_MARGIN_BGT(n) is the margin
which the power budget PBGT(n) of the child cell (n) must exceed before the
handover is possible. Also these are parameters that are set for each adjacent
cell for the normal handover. B is the maximum power of the MS.

If there are appropriate super-reuse frequencies in many child cells,

30 the BSC ranks the child cells according to priority levels and the load of the
child cells and selects the best child cell to be the target cell. If there are sev-

eral super-reuse TRXs in the child cell which meet the requirements for the C/I

ratio simultaneously, the handover algorithm ranks the TRXs according to the
C/l ratios.
35
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ous paraneters. Database 63 at the BSC is capable of nmaintaining a neas-
urenment table of 32 neighbouring cells per each call and storing the
measure- 20 nment results as they arrive. Furthernore, a specific nunber of

-interfering cells has been defined for each super-reuse TRX, as
illustrated in Figure 7. The interfering cells nust be adjacent to the
serving cell, as the M5 only neasures cells defined in the list of

"Tei ghbouring cells. In the primry embod?drent of the i nvention, for the
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e cells 'S sent to the in a

The information on el ng nmeasure ] .
nei ghbour i n@ Bandoyersare present dewrlinkinterfrrepee) dowalink ayality amd badsE/land
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0} e . . I N rreri,ng c S S .,.add] aGen SeryiLng ce )
ot hervi se ¢ ol whishigi e best Hatal stinats solfiting Grie the GroehgSh it titgna
I evel s of tereing regutarcells availgbleanitisin the areg of tive BSG)cthedBSO mayinitiatesul t s
of the i nterfpiddon8e! handivr cays8d bins%akGentdldl tiddRish Gtelifln Srder to
strongest nel gnoouring cells, erefore the .
16 neasunaintainhe icall. Adersalisetrup and after ahhandevensg thereiis preferably &bl e
Cal 12110 given Pt tine during whih the SN Mk e st uctabe 1o
vary dependi#ﬂ?gm? cp,\@rqgﬁpt gj@ggg This perfodS is aIFo’wecP for the%S to -c?eco e

the identifiers BSIC of the interfering/reference cells before the C/l evaluation

is started. Furthermore, repeated handovers for the same MS are preferably

prevented by setting a minimum interval between handovers related to the

16 same connection. Furthermore, if a handover attempt fails for some reason, a

new attempt to the same connection is only permitted after a minimum interval.

The figures and the description pertaining to them are only intended
to illustrate the present invention. In its details, the present invention may vary
within the scope and spirit of the attached claims.



5 of the interfering cell is considered as a directly neasured interference
| evel or whet her the RXLEV of the interfering cell is a reference value
estimate, as wll

be expl ained in. 1) Directly i e
rovel Gnenthe AT, roesursrent Test U5ogt e
nelghbourlng ceII I X posjitions in 10.t sanpl e
_are occupi ed, the Weakest RXLEV of the s#4& reportedﬂl Mgured as
t he nmeasurenent value for those int eréeri ng cells t g from
t he neasurenent sanple. Wen the M5 r $s the - neasurenent results of

| ess than si x neighbouring cells, a zero is entered as t he neasur enent
value for those interfering cells that are mssing fromthe 15 neasurenent
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find a super-reu avi n I .Cl ent ratiQ I
handover. 30°N€ SUPer-reyse foguengy) 'SHB’?"SGQrFOrﬁﬁm%d’?MHV i 'aeytﬁ!mw phthe
TRX, the C Ipase stafign) uati on concer ns only the super-reuse TRX itself. In

such & case. the BU o ang coRSfing tra 1GahidfioL8Bn i the oI Betbbet SISl  "°

15 least one regular and said at least one super-reuse frequency by means of
intra-cell handovers induced by estimated interference on said at least one
super-reuse frequency.

2. A cellular radio network as claimed in Claim 1, character-
ized inthat

20 the cause of a handover from a regular frequency to a super-reuse
frequency is a sufficiently good interference level on the super-reuse fre-
quency, and "

the cause of a handover from a super-reuse frequency to a regular
frequency is too poor an interference level on the super-reuse frequency.

25 3. A system as claimed in Claim 1 or Claim 2, characterized
in that

the BCCH frequency of the cell is always a regular frequency, and
that the radio frequency assigned in call-setup or a handover from another cell
is always a regular frequency. '

30 4. A cellular radio network as claimed in Claim 1, character--
ized in that it further comprises at least one microcell having only super-
reuse frequencies one of which is a BCCH frequency, and that call set-up in
the microcell is barred, and the cellular network comprises means for controi-
ling traffic load distribution between regular cells and the microcell by means of

35 inter-cell handovers induced by the interference level in the microcell.



17 frequency is good enough or whether the ca over to
a regul ar f r equency. T The BSC cal crtﬂ ;1 gblggmd@mdeu nk C/ |
rati o of the super mu I‘Hu“ t he manner set o ans of

-t he processed maasll{mmml“ (aver ages) and l& set for
“said TRX. The processed neastr eherit results are LEV of

. the serving cell, the downlink RXLEV of ?ge i nterferl ng ceI | s and the
”dovvnl ink RXLEV of the child cell. The pafaneters are Level Adj ust mant

"Cl Est Wi ght and C Est T, t

(Figure g) Level Adj ﬁm%%pﬁﬁ?%&@%s%%a'%eW%?nﬁh ftﬂ% [ nter r| ng
cell (-63 d@laxmsagomnsmmadnob& agaatadohamim@lrﬂr@cedurenm avhieh the mobile
level esti mag&tidd ams) hﬁeﬁs@:@al thbeéﬁihapfedéwg Wé\%lfcﬁrthégsér@inb céil BRb Mot

O st Type | AL l'@zeq ot thespciarant cals g farvars dhe drlessiremert reeiliodo e | i s

consi Felres i’i:mrﬁio?erepﬁi![ralleff&ﬁé_ ans ofthyqellulaﬂrmtwb?ence l evel or whet her thed

signal |eve .erfer [ r use

for cal cul atqlﬁa a-%@}h’} fee e 3“?@3‘&? @0#%{ c%,,%‘ﬁ&?%ggﬁg‘%s t:S’rl ng

the downl i nlesﬁnm the mtaasfetem leveloa thexsupar-rebse frequengiesi mﬂdher\sem ence

| evel , the ?IlOFer E{%%E@é éﬁ#}ﬂe@uﬁ’é t he super- reuse TRX
on o nf‘l

20 3. 3 1. Ca e super-reuse TRX For
t he above corrparl sorf. Arreliniarredigr netyork afeflajragd dn fHgim 5, character-

10 ized in that one or more adjacent cells have been assigned to each super-
reuse frequency of the serving cell, the measured receiving level of the adja-
cent cell being used for estimating the interference on said super-reuse fre-
quency. -

7. A cellular radio network as claimed in Claim 5 or Claim 6,

16 characterized in that the measurement results of the mobile station
only concern a limited number of ambient cells, and that at least one reference
cell has been assigned to at least one super-reuse'frequency of the serving
cell from among said ambient cells, said reference cell having an interference
profile of a similar type as a more remote cell which is a potential source of

20 interference on the super-reuse frequency but cannot be directly measured by
the mobile station, and that the handover controller means is adapted to estim-
ate the level of interference caused by said more remote cell on the super-
reuse frequency, using the measured signal level of the reference cell.

8. A cellular radio network as claimed in Claim 7, character-

25 ized inthat the handover algorithm is adapted to estimate the signal level of
the interfering cell by correcting the measured receiving level of the reference
cell taking into account the difference in the signal levels of the reference cell
and the actual interfering cell.

9. A method for increasing traffic carrying capacity in a cellular radio

30 system,characterized inthatit comprises the steps of

dividing the radio frequencies of the cellular radio network into
regular radio frequencies for which lower frequency reuse is utilized to achieve
seamless overall coverage, and super-reuse frequencies to which higher fre-
quency reuse is applied to provide a high traffic carrying capacity,

35 allocating to at least some of the cells both at least one regular fre-
quency and at least one super-reuse frequency so that the regular frequency



must first be determ ned. In the fol |l owi hg—eases—nwhich —

 the super-reuse. ' I a regular cell; g d
child cell (caseslmmﬁm"lﬂm t‘r5| dered. 25 1) The aVe 0
-Tecei ving | evel AV RXLEV TRX(X) t he super- reuse T

*cell is calculated in the foll ow ng way:
v (AV_RXLEV- TRX( k) =AV_RXLEV_DL_HO+( BS- TXP\Wg MAX- BS_TXPWR) (1) 30
“where AV_RXLEV DL_HO is the average dowdilink RXLEV of the serving cell.

BS TXBWR k RF

power per mMA?gt@ In eé%rglrasﬁmﬁ’éﬁlg Eéﬁgop a\g%glolas andt | nrkfbgoé\w@lr gue :

to the BTS AYRBEY isolRtensed to serve pnmarlly in the vicinity of the base statlon

;ger age downl |2) E&iﬁg‘glhhﬁ%ﬁh&:|I§/|a6<|!3%'|§\t/nb@adﬁ'ﬁ\ h@d@lv%t\?éhééldlséﬁierét rlééme TRX
Su U

covare.  one TaoufRs sdces ef fhast bBe sl eurrs e vy, sap A A San

3) Wen tHhe hahdbdensehduced biestinrated intedetencerun saidratdeastond super—r‘éuse

recei vi ng I (abeﬁgy_RXLEV TRX(k) of the super-reuse TRX is calculated in the

fol |l ow ng way- AV_RXLEV_TRX( k) =AV_RXLEV DL HO+( BS_TXPWR NMAX- BS TXPWR)
(2) 10. Amethod as claimed inClaim 9, characterized by

performing an intra-cell handover from a regular frequency to a
super-reuse frequency when the super-reuse frequency has a sufficiently good
10 interference level, and
performing a handover from a super-reuse frequency to a regular
frequency when the super-reuse frequency has too poor an interference level.
11. A method as claimed in Claim 9 or Claim 10, character-
ized by
15 allocating a regular frequency as the BCCH frequency of the cell in
each case,
assigning a regular frequency in call set-up or in a handover from
another cell in each case.
12. A method as claimed in Claim 9, 10 or 11, characterized
20 by
measuring the signal receiving level, preferably also the quality, of
the serving cell at the mobile station,
measuring the signal receiving level of the cells ambient to the
serving cell at the mobile station,
25 forwarding the measurement results from the mobile station to the
cellular radio network,
estimating the interference level on the super-reuse frequencies of
the serving cell on the basis of the measurement results.
13. A method as claimed in Claim 12, characterized by
30 assigning one or more adjacent cells to each super-reuse frequency
of the serving cell, the measured receiving level of the adjacent cell being
used for estimating the interference level on said super-reuse frequency.
14. A method as claimed in Claim 12 or Claim 13, character-
ized by
35 the measurement results reported by the mobile station only con-
cerning a limited number of ambient cells,



10 3.3.2. Directly neasured interference |evel The nost

common situation is that the interfering cell is a regular . cell. which
is adjacent to the serving cell and the interfering cell has the sane

-set of super-reuse frequencies as the serving cell. Al so the |ocation of
‘the interfering cell is close enough to cause interference. In this
_Situation, the 15 average downlink receiyjng | evel AV _RXLEV_ | NFx(k) of the
|nterfer|ng cel | corresponds direct!4 to the interference level | on

‘the super-reuse TRX Gauieth ot jofth bR RIS TERGoCH! least one sibek-rbuse

Estimated interference per-reuse
TRX (BCCH f friequency)ofdhet seivingi cell from amangosaidhambient celis) salﬂsre&emgover

candi dat e AR HairpaR WitbAereiRe TR of A5Rier type 46 BTG ie‘inél@%é’ﬂ%hi%ﬁ' | d
cell with the sane per-reuse uencg a uenqy
correspondi %2 PRtERR érweelqiu@ﬁer@ BaheSUREE IS SR Ry U

reported By b‘eiwrééﬂyhﬁeamdcﬁy mba-ngan@sﬁﬁaﬂ frequencies. In this case,

childcell by mesbapo R €Yot ietslos leRd R otk %Bi@%t%‘f‘and

report. on the super-rauset freqienay, gusing theimeasunéd sigral Uevel afdihecrafer-cel |
is simlar tpabhe interference profile within the coverage area of the
serving cell, Tt 1S possible to define the regular adj acent cell as the

interfering cell (réferemethedas claimeddafiaim 36, ¢ Ranaatesdaed by
interferggce. The R'ioﬁ&ﬂﬁ tRé Mddstired swle@eleﬂthbhafé@ﬁee cell télﬁn% the

interference prof he ratip b n | eye
|t ort o encacRyl ther RS Enstnghe siasdl Ve ofths seressneR el 514 Saidh
W t hin tdwinﬂne'esﬂmatlenoﬁthé intederencaedevedl | . This ratio is represented

by neans of the above paraneter Level Adjustnment set for each
interfering or reference cell, as
* ThisShec Hes B AR O A
* [ L M S *

Ll Illl" mn I !ill
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- 19 illustrated in Figure 7. The type. of the adjacent cell is indicated
by neans of- the paraneter C EstType™ “7.. 3.3.3.1 Interference |evel
estimation based on several cells 5 ' In order to increase the
reliability of the estimation, several refer- ence cells may be used
for calculating the estimted downlink interference | evel
LAV_RXLEV_ESTM k). AV_RXLEV_ESTM k) and tag downlink C/'I ratio of the
super-reuse TRX are cal cul ated by using sinmilar eval uation nethods.

Vari ous mat Apysiaceal net hods, such as the average taking nethod and the 10
maxi mum t aki ng nmet hod, can be used to calculate the downlink C/I ratio of
t he super-reuse TRX or the estimated downlink interference level. A
cel I ul ar neffhe inventiork relatesctopa wellalay eadio metivork andcn nethod der indrneasingr e

! d f | .
The'aver age AN CAIHA capdRy '"S?%%L%'hﬁi%%%y A
f ol | owi ng‘§J frim of the cellulappeiweik hagihaen divideddn stich & way that tYPI*F?;a"&fstthat ed
downl i nk i ntregdiar ﬁ@aaeheiésl(AAW'i)/EﬁEi%erréuse freﬁ@éﬁéiés?“'(s 82, $9215%)0

e PYer 800 ced MhbloVen 1o each oI (TS b He ol Habumneies er o R o
tional frequency reuse pattern to provide seamless overall coverage (overlay).
A very tight frequency reuse pattern is used for the super-reuse frequencies to
10 provide additional capacity (underlay). The cellular network controls the divi-
sion of traffic into regular and super-reuse frequencies by means of radio
resource allocation at the call set-up phase and later on during the call by
means of handover procedures. The cellular network monitors continuously
the downlink co-channel interference of each super-reuse frequency in the cell
16 separately for each ongoing call. The call is handed over from a regular fre-
quency to a super-reuse frequency (HO2) when the co-channel interference
level on the super-reuse frequency is sufficiently good. When the co-channel
interference level on the super-reuse frequency deteriorates, the call is

handed over from the super-reuse frequency back to the regular frequency
20 (HO3).

(Figure 4)



[WA(K) * (AV_RXLEV I NTFi(k) + LEV ADJ_INTFL (K)) + W2 (k) *

(AV_RXLEV | NTF2(k) + LEV_ADJ I NTF2(k) ) ]/ (3) 25 [W (k) +
W2 (k) + WB(k) + WA(k) + WB(K)] The downlink C/'I ratio
‘Cl RATI k) of the super-reusé transceiver TRX(k) is calcul ated by neans
of the average taking nethod in the follow ng way (when only the RXLEVs
Qf the interfering cells are taken into /gcount; 30 instead of t RXLEV;
of the reference cells, the downlink in1 ference | evel AVRX JM K)
esti mated by neans : i 3 is used): Cl _RATI k) = o
20 [ WB( k) * (AV_[RXLEV_TRX(k]- AV_RXLEV_| NTF3(k) - LEV_ADJ | NTF3(k)) +
WA(K) * ( AV_RXLEV_TRX( WS/ _RXLEV_|I NTF4( k) - LEV_ADJ_| NTF4(k))] +, _
1* (AV_RXLEV_TRX( k)|- AV_RXLEV_E$TM k) _ Y]/ 5 (WB(k) + W4(k)
+ 1) e - (4)
LEVADJI NFTx(k) is the adiis/témnt par anmet er (Level Adj ustnent)
BSC
L »~BTS39
BTS2 BTS4

C1

c2




of the interfefing/reference cell énd Vx(k) is the weighting coefficient of

t he interfering/reference cell - (paranmeter C EstWight, set for each
interfering cell). 10 3.4. Handover threshold conparison The
nder | ay-overlay feature in accordance with the invention intro- duces
two speci al handover thresholds in addition to the normal handover

t hr eshol ds: _ - Super Reuse C Threshold is a threshqld us%ﬁ&
i'n the conpari- 15 son of the downlink | ratio of the super-re

initiate a handover to - ‘the super-reuse TRX. ' -

Super ReuseBadCi Threshold is a threshold used in the conpar- i son of the
downlink CI ratio of -the super-reuse TRX to initiate a handover away

fromthe super-reuse TRX. Both handover thresholds are conposed of 20 three
parts: the actugl thresholg (C Ratio), the total nunber of conparisons

(Nx) to be taken\into accpunt before a decision is possible, the nunber of
conpari sons out o\ total/conparisons (Px) where the dowmmlink C1 ratio has
to be | ower/gyeater Xhan or egtial to the threshold before any measures
are pos- si bl/e. ime the/PSC recei ves neasurenent results from MS1
(e.g. after_25 ¢ if{ame),~t he ) BSC canpares thesdownlink C/1
rati o of spe- s/Mth a specified/handover

t hreshol d. When t\e call g egyf ar TRX, Qhe thrﬂsholg%conparison
concerns every supe & serving any t hd& chi/l d
cells which are gflj acent : g CA xandever

to a super=Ter
super-reuse TRX |
BadCi Thr eshol d.

taken are as follg

kp  20=
) gy%.
- / 4 % /

20



21 1) Corrpari'son of the downlink CI ratio G RATIQk) with

Super - ReuseGoodCi Threshol d. - }f at 'l east in Bx conparison out of the
total Nx com pari sons the downlink C1 ratio of the super-reuse TRX,
G RATIAQ k), is greater than or equal to the threshold G Ratio, a

handover froma regular TRX 5 to a super-reuse TRX(k) can be made_on
account of the good C/I ratio. 6 2) Conparison of th@ I

C/| ratio C RATIOQ(k) w th Super- Re%/seBadO' Threshol d. If at gli nBx
conparison out of the total Nx com pari sons tthe downlink C/'1 ratio of
t he super-reuse TRX, C RATIQ(k), is |ower than or equal to the
threshol'd G Ratio, a handover from a super-reuse TRX(k) 10 to a regular TRX
is required on account of the bad C/I ratio. 3.5. Handover deci sion

al gorithns 3.5.1. Intra-cell handover froma regular TRX to a
super-reuse TRX The BSC recogni ses the possibility to make a
handover when the -handover threshold conparison indicates that a
handover, the cause of which 15 is a good CI ratio, can be made from a
regular TRX to a specified super-reuse TRX. 1f\there aye several
super-reuse TRXs in the serving cell which neet the
‘requirenents for the CI ratio simltaneously, the
ranks the super-reuse TRXs according to the i
appropriate super-reuse TRX in the seryj
the 20 sane tinme, the BSC prefers the
ot her words, the BSC perforns &an i
instead of the intra- cell




3.5.2. Intra-cell handover froma super-reuse TRX to a regular TRX 25

The BSC recogni ses the necessity t.o-nmake a handover when the handover

t hreshol d conparison indicates that sonme of the following criteria for

a- handover are present: downlink interference, downlink quality-and bad C |
rati o. When the cause of the handover attenpt is downlink interf ce or
downlink quality and the intra-cell handgger to a regular TRX faaﬁ{l

BSC 30 may perform a handover .to anot her regul ar ceII in order t

the call. 3. 5. 3
Intra-cell handover bet ween ‘superhxreuse TRXs The BSC

recogni ses the necessity’to make ndover 'wh'e1ﬁ~the_~_ﬁandover t hreshol d
conpari son indicates th;;(n an i ntr d t he cause—ef-which is

hand- 5 over 7/

uplink interference, nrght be n ed. p
attenpt to anot her rSerAr eusg’ fails is got enabled,
t he BSC rra@\lERﬂgﬁMr,Z 3 a- cel | handover 4 er-cel | hand’over
to a regular  TRXA'n order to Ri Rtain_the ';V' 3.5Nd. Intepfcell
handover froma re¢gul ar cel BES1a cRpjdcell 30 TS4 The \BSC 7

B /

recogni ses the pessiXility\td nake handover
' BTS3 /\ "

—
—— e,
—

—
—
— —




handover threshol d conparison indicates that a handover, the cause of which

is a good C/1

reuse TRX of the child cell.

becone possi bl e,
requirenents for

t he

child cell

RXLEV._M N(n) + MAX(0, Pa)

(5)

| evel

whi ch t he si gnal

2. PBGT(n) > HOVARG NPBGT(n) 20
| evel AV_RXLEV

%ere

nust exceed before the handover is possible.

ratio, could be nade froma regular TRX to a specified super-
In order for the handover to the child cell
nmust al so satisfy the foll ow ng
15 the radio |ink properties:

to

1. AV_RXLEV_NCELL(n)_>

Pa

( MB_TXPWR_MAX(

" RXLEV M N(

1g.

NCELL(n) in the child cell (n)

This paraneter is set for

each adjacent cell for the _normal handover al goritdZym MBTXB n) is
t he maxi num RX power thanS®h Ms is permtted to 25, use on .atraffi/oc nel
in the adjacent cell. HMRGN_BGT(M is the I n whai-ch—thg powe
budget PBGT(n) t he c!i Id cell [(rREGULARceed beffre the Handovér is
possi bl e. Al so tlhes& ar ¢€ rsTRhat are set EfB(;(ﬂ‘s]cF] adj acerft  ANTg! |
for the nornal Handgver] B i S t hE==as of _t he M3 -
If there are apgrop& atq super-reuse freEuenci es i many khild cqlls, 30
the BSC ranks the clpl djcells according yo priorjity |levels and tHhe | oad of
t he chiggcedl | s&nd |sel ects tjhe best child |1 to be|l thetarjget cell.
If there argseM- & efel—superrir CONTROLLER! cel | /Whilch neet
the requirenents foiggthg C/ | i i usly, the #andover
al gori thmranks jthegRX4 according to th C/| D2tios.| 35
7
e
= SUPER $1 _I .
= | TRX ANTg
- Fig. 6
/ ]lgo
DATA BASE ' '
62
A
CONTROL
ol
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23 . 3.5.5. Inter-cell handover froma child cell to a regular cell

The BSC recogni ses the necessity to nmake a handover when the handover

t hreshol d conpari son indicates that some of the following criteria for

a- handover are present: downlink interference, downlink quality and bad C I
S:ratio. If there are several regular ccra]éjs avail abl e, the BSC sel ects one

* regul ar cell which has the best sig strength condition to be the

t target cell f there . aLe.N0 regul ar ceH-s—avaidabl e within the area of
the BSC, thé BSC may ilnitifte an it er-BSC hanfiover caused by the

. conventional teradition crifjeri -gporcér to majntain the call. After
call set-up_ after jal | handov@rs, {dere is preferably a 10 given period
of time durfgg which the 1l e%uatié is considefed unreliable and

. the handoveF=s not al| owedl.. Thi® perifid is allowed for the M5 to decode
“the identifiers BSIC of the injenfering/reference ¢ells before the C|
eval uati on is starged. Furth-grm)re-- repeated handovers for the same M5
are preferably prevent ed by Setti a mnimum iinterval between

handovers related to the‘c’i‘LE' sarregconn t| on. Furthg¢rnore, if a handover

attenpt fails for sone reagon, a:;’“ nsvﬁ?atterrpt t® the sanme connection is
only permtted after a m'gpi mumji & & v The figures and the
description pertaining|tg tthemja ...onl'as dcbontended toillustrate the
present invention. In |t<3detaill %ﬂ hegplesent invégntion may vary

wi thin the scope and spifdt| of |thbOattgabed cl ai ns.
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£ m o
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|l x|

TRX
TRX1
TRX2

SuperReuseGoodC,Threshold Id

(CiRatio, Nx, Px)
SuperReuseBadCThreshold Id

Handover threshold 1
(CiRatio, Nx, Px)

BTS2

Base station

BTS1




ATOUp 33 ~3

24 d ai ns:

ggga el lul ar radi o network
conprising allocated radio freq ' élncells characteri zed by 5
said all ocated radi o frequenci ¢ i ded |nto regul ar radio fre-
quenci es for which | ower frequengy 9 zed to achieve a seanl ess

overal | u ell i whi ch high frequency reuse

is appli egétgéacgrsgl\? t§ ﬁ?@ﬁp | dﬁ'?ﬂﬂ"nc?/ of h'Qc’]1 cell ’ at

| east sorfveskept oe S(gﬂlﬁeadilayvnnnga BTt ARel-efd eeﬁn A W{Heaéct[]]%

frequenmg&p nd s%ec! of. said su euse f reguenci es !at said
Ieas? o‘ﬁe ?ncflp )prqgeqsn Huefithesesso vtions lrmnemeythm cel

boundar y costs tcetpamﬁeﬁ!ﬁdr SPhgl net reQdsls oRe éHﬁ&bc?lﬁHﬁPn%W&ﬂi{@% Bﬂt

i nt end erve- r n th icinit ase
neans gor@ o?ﬁr' ”?arrgfq%p@%é'&grﬁﬁ?ﬁ*ﬂ@mmmﬁJDhlﬂNﬁétm@hﬂlnlﬁTSmesmdd at 15
| east onéramgui;saoneodne@ﬁ@hgat | east one super-reuse frequency by neans of

I ntra-cel | nd I mated interference on said at |east one
euper-reﬁwgw{?@#ﬂﬁ%ﬂvga 2. Acellular radio network as clained
in daiml, ¢ h gr %o%aetcuﬁtheth’e two conﬂué@ b?afshiﬁtra%% petwork deSI%ﬁ he cause of

a handover from sai ast one re | east

one supecovenage dndecapaaily, itds possible tn kuitd g rm:omatwommmrim two (Orevel on

sai o 7 TiBY SEnareBlEl Wyerdi8ne. oq. & macrocql Ryef Bidfidtlo BURIEEKE | 0™
f r equencygrage end the othem e. gutarrmtermmdidaw Ipmdmgmamltyuifbe 'ceverage
f e Yayer uses,a coawentlgnala‘frééfﬁéﬁép Asuse PAtIEH 4dY ChRirEhde 36 prbfE 2 ¢ h

ar adc
seamless overall coverage. The "capacity layer” uses a very tight frequency

reuse pattern and a shorter cell range to achieve high capacity with a few
15 channels. Multi-layered networks are often also referred to as "underlay-over-
lay” networks. ' '

Inan underlay-overlay network there are many ways to control the..

- handover between layers. The handover decision can be made on the basis of
field strength or power budget values. In this case, the interference level must

20 be predefined for each BTS site and the handover thresholds and transmit
power are adjusted to minimise the interference. The interference control is
always a statistical method and the resulting average quality is therefore not a
quality guarantee for a single connection. For this reason, the achieved in-

crease in capacity is questionable.

4

25 It is an object of the present invention to improve frequency utiliza-
tion in an underlay-overlay cellular radio network without increase in co-chan-
nel interfarence, and thereby to significantly improve capacity without any
major additional investments or extensive modifications to the network.

In accordance with a first aspect of the present
invention, there is provided a cellular radio network
comprising allocated radio frequencies reused in cells,
characterized by |

said allocated radio frequencies being divided into regular radio fre-
quencies for which lower frequency reuse is utilized to achieve a ssamless
overall coverage, and super-reuse frequencies to which high frequency reuse
is applied to provide a high traffic carrying capacity,



+ . regul ar

. kn that requency of the cell is always one of said
hat the radi o frequency assigned in
bm anot her cell is always one of said regul ar

\ celluldar radio network as clainmed in daim

cal | -setup or
.frequenci es.

1, c har alcbis fifez bef then celdds heviogt hethcdhiptfaes apel east
one m crogcel [} having Lyeone pr s [ 6.0 LA SUPSE- Levgesfipeguenci es
"one of which'Ts a BCC q ncyc,leasmfHgl %tt gtégch:a ﬁ no

Tr . set-uElnt e mcrocell
i s barredrense frraussiqifisw SRtttk sdfhaitsdeagh aBANECIBLaEALRSI | i ng
traffic | qadnel Btintepdeddo seevevpemarigginl cell tmeindanyaregiartseand said at least
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in that the method comprises the steps of:
dividing the radio frequencies of the cellular radio network into
regular radio frequencies for which lower frequency reuse is utilized to achieve
seamless overall coverage, and super-reuse frequencies to which higher fre-

15 quency reuse is applied to provide a high traffic carrying capacity,
allocating to at least some of the cells both at least

one of said regular frequencies and at least one of said !

super-reuse frequencies so that the regular frequency
-is intended to serve primarily in cell boundary regions and the super-reuse fre-
quency is intended to serve primarily in the vicinity of the base station,

20 controlling traffic load distribution in the cell between said at least
one regular and said at least one super-reuse frequency by means of intra-cell
handovers induced by estimated interference on said at least one super-reuse
frequency.

In the invention, the operating frequency spectrum of the cellular

25 network is divided into regular frequencies and super-reuse frequencies. By
means of these two sets of frequencies, two or more separate network layers
are provided, at least locally, in the cellular radio network in such a way that
typically both reguiar frequencies and super-reuse frequencies are employed

in each cell.
30 One layer, the ‘overlay layer', utilizes regular frequencies and a

conventional frequency reuse pattern and czll coverage to achieve seamless
overall coverage. Frequency planning for regular frequency reuse is made by
conventional criteria using safe handover margins and requiring low co-chan-
nel and adjacent channel interference probabilities. Regular frequencies are
35 intended to serve mobile stations mainly at cell boundary areas and other
locations where the co-channel interference ratio is poor. The overlay network
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regions and said at least one super-reuse frequency is intended to serve
primarily in the vicinity of the _bese station,
 means controlling traffic load distribution in the cell between said at
15 least one regular and said at least one super-reuse frequency by means of
intra-cell handovers induced by estimated interference on said at least one
super-reuse frequency. T

2. A cellular radio network as claimed in Claim 1, character-

ized inthat

20 the cause of a handover from said at least one regular frequency to
said at least one super-reuse frequency is a sufficiently good interference
level on the super-reuse frequency, and

the cause of a handover from 'said at least one super-reuse
frequency to said at least one regular frequency is too poor an interference

25 level on the super-reuse frequency.
3. A system as claimed in Claim 1 or Claim 2, characterized
in that
a BCCH frequency of the cell is always one of said regular
frequencies, and that the radio frequency assigned in call-setup or a handover
30 from another cell is always one of said regular frequencies.

4. A cellular radio network as claimed in Claim 1, character-
ized in that it further comprises at least one microcell having only one or
more of said super-reuse frequencies one of which is a BCCH frequency, and
that call set-up in the microcell is barred, and the cellular network comprises

35 means for controlling traffic load distribution between regular cells and the
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15 reuse frequency.

... 1. A cellular radio network as claimed in Claim 5 or Claim 6,
characterized in that the measurement results of the mobile station
only concern a limited number of ambient cells, and that at least one reference
cell has been assigned to at least one of the super-reuse frequencies in the

20 serving cell from among said ambient cells, said reference cell having an
interference profile of a similar type as a more remote cell which is a potential
source of interference on the super-reuse frequency but cannot be directly
measured by the mobile station, and that the handover controller means is
-adapted to estimate the level of interference caused by said more remote cell

25 on the super-reuse frequency, using the measured signal level of the
reference cell.

8. A cellular radio network as claimed in Claim 7, character-
ized inthat the handover algorithm is adapted to estimate the signal level of |
the interfering cell by correcting the measured receiving level of the reference

30 cell taking into account the difference in the signal levels of the reference cell
and the actual interfering cell.

9. A method for increasing traffic carrying capacity in a cellular radio
system,characterized inthatit comprises the steps of

dividing the radio frequencies of the cellular radio network into

35 regular radio frequencies for which lower frequency reuse is utilized to achieve

.
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10. A method as claimed in Claim 9, characterized by
performing an intra-cell handover from said at least one regular
frequency to said at least one super-reuse frequency when the super-reuse
15 frequency has a sufficiently good interference level, and
.performing_a handover from _said at least one super-reuse
frequency to said at least one regular frequency when the super-reuse
frequency has too poor an interference level.
11. A method as claimed in Claim 9 or Claim 10, character-
20 ized by _
allocating one of said regular frequencies as a BCCH frequency of
the cell in each case,
assigning one of said regular frequencies in call set-up or in a
handover from another cell in each case.
25 12. A method as claimed in Claim 9, 10 or 11, characterized
by
. measuring the signal receiving level, preferably also the quality, of
the serving cell at the mobile station,
measuring the signal receiving level of the cells ambient to the
30 serving cell at the mobile station,
forwarding the measurement results from the mobile station to the
cellular radio network,
estimating the interference level on the super-reuse frequencies of
the serving cell on the basis of the measurement resuits.
35 13. A method as claimed in Claim 12, characterized by
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assigning one or more adjacent cklls to each of the suger-reuse
frequencies in the seNing cell, the measured receivihg level of the adjacent
cell being used for estimating the interference level on said super-reuse
~ frequency.
5 14. A method as claimed in Claim 12 or Claim 13, character-
ized by
the measurement results reported by the mobile station only con-
cerning a limited number of ambient cells,
assigning at least one reference cell to at least one of the super-
10 reuse frequencies in the serving cell from among said ambient cells, said
reference cell having an interference profile of a similar type as a more remote
cell which is a potential source of interference on the super-reuse frequency
but cannot be directly measured by the mobile station, |
estimating the level of interference caused by said more remote cell
15 on the super-reuse frequency, using the measured signal level of the refer-
encecell. o |
15. A method as claimed in Claim 14, characterized by )
correcting the measured signal level of the reference cell taking into
account the difference in the signal levels of the reference cell and said remote
20 cell in the estimation of the interference level.
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