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of interference between radio cells in a
wireless communication system comprising
cells in which subcarrier blocks are used
for communication. A number of adjacent
cells build a cell cluster. Moreover, the
present invention relates to a corresponding
method adapted for use in a system in which
multi beam antennas or multiple antennas
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relates to base stations performing the above
method as well as a communication system
comprising the base stations. To reduce the
large average SIR variations without causing
additional SIR estimation, measurement
and calculation problem as introduced with
power control the invention suggests to
group subcarrier blocks into a plurality of
subcarrier block sets in each cell of a cell
cluster, to determine transmission power
levels for each of the cells of said cell cluster,
and to assign transmission power levels to
the subcarrier block sets.
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TRANSMISSION POWER LEVEL SETTING DURING CHANNEL ASSIGNMENT FOR INTERFERENCE
BALANCING IN A CELLULAR WIRELESS COMMUNICATION SYSTEM

Field of the Invention

The present invention relates to a method for balancing the distribution of interference
between radio cells in a wireless communication system. The system comprises a
plurality of radio cells in which a plurality of subcarrier blocks is used for communication,
wherein each subcarrier block comprises a plurality of subcarriers. Further, a number of
adjacent radio cells build a cell cluster. Moreover, the present invention relates to a
corresponding method adapted for use in a system in which radio cells are divided into
sectors. Furthermore, the present invention relates to base stations performing the above
method as well as a communication system comprising the base stations.

Background Art

In modern packet-based cellular mobile communication systems, Dynamic Channel

" Assignment (DCA) schemes are popular, since they are an efficient tool to increase the

(air interface) system throughput. DCA schemes utilize the short term fluctuations (fast
fading) of the channel quality of the links between base stations (BS) and mobile stations
(MS). In such a system a so-called scheduler (usually part of the base station) tries to
assign system resources preferably to mobile stations in favorable channel conditions.

In time domain DCA works on a frame-by-frame basis, where a frame duration is
typically in the (sub-)millisecond region. Furthermore - depending on the multiple access
scheme - the air interface resources are divided in e.g. code and/or frequency domain.

The following description concentrates on downlink scenarios (BS transmits to MS),
however without loss of generality, DCA can also be applied to the uplink (MS transmits
to BS). In any case, the scheduler performing the DCA needs to have detailed channel
knowledge of the BS ~ MS links, which is gathered by channel estimation. If the
scheduler is located in the network and the measurement is performed in the MS, the
channel information is signaled from MS to BS. It is important, that the channel quality is
measured on a instantaneous basis in order to reflect the instantaneous received signal
power and the instantaneous interference.
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In Frequency Division Multiple Access (FDMA) systems, DCA is performed in
time-frequency domain, since physical layer channels are defined in frequency domain.
Typically, the channel quality varies significantly in frequency domain (frequency
selective fading). Hence, depending on the conditions of the channels over all available
frequencies and all active mobile stations, the scheduler can assign the channels
dynamically at each scheduling instant to specific BS — MS links.

In an OFDMA (Orthogonal Frequency Division Multiple Access) system, the frequency
resource is partitioned into narrowband subcarriers, which typically experience flat
fading. Here, generally the scheduler dynamically assigns subcarrier blocks (containing
M adjacent or separated subcarriers) to a specific MS in order to utilize favorable
channel conditions on a link. Example of such a system is known from Rohling et al.,
"Performance of an OFDM-TDMA mobile communication system", IEEE Proceedings on
the Conference on Vehicular Technology (VTC 1996), Atlanta, 1 996.

In case of a CDMA (Code Division Multiple Access) the system resources are defined in
code domain and, therefore, the scheduler dynamically assigns codes to specific BS —
MS links. Note, that in contrast to FD'MA, for a given link the channel quality is similar for
all resources/codes (fading is not code selective) and, hence, in code domain the DCA is
performed with respect to the number of codes to assign to a specific MS and not which
codes to assign.. The DCA is focused on the time domain scheduling utilizing the fast
fading characteristics. HSDPA (High Speed Downlink Packet Access) within the 3GPP
(3" Generation Partnership Project) standard is such a CDMA system employing DCA.

A MC-CDMA (Multi-Carrier CDMA) system can be considered as a combination of
CDMA and (O)FDMA. Hence, DCA can be performed as well in code as in frequency
domain.

Generally, the DCA throughput efficiency increases with the number of active mobile
stations in a cell, since this increases the number of links in good channel conditions
and, therefore, increases the probability that a channel in favorable conditions is
scheduled (multi-user diversity).

Typically, DCA is combined with link adaptation techniques such as Adaptive Modulation
and Coding (AMC) and hybrid Automatic Repeat reQuest (ARQ).
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Furthermore, DCA can be combined with power control schemes, where the power
assigned to a specific channel (in code, frequency domain) is controlled in order to
compensate the channel power variations and/or to support the AMC operation.

Systems without Power Control

As described in the previous section, for efficient DCA operation the scheduler in the BS
when assuming a non-power controlled system needs detailed knowledge on the
instantaneous quality of all channels over all available subcarrier blocks and ail involved
BS-MS links.

Considering a DCA OFDMA multi-cell scenario and a frequency re-use factor of 1, the
system is typically interference limited. l.e. the channel quality per subcarrier block is
primarily defined by the signal (S) to interference (/) ratio (SIR), where the interference is
dominated by the intercell-interference (co-channel interference) caused by the
transmissions on the respective channel (subcarrier block) in adjacent cells (C denotes
the set of adjacent cells): |

ChannelQuality = SIR =§. ~ i

153, (1)

in case of an OFDMA system with DCA and frequency selective fading, the
instantaneous SIR(?) for a given link to a mobile station m varies over the subcarrier
blocks b, since both the signal and the interference experience fading:

SIR? (t)-ff 0, s
b

JORHON @
As mentioned earlier, the performance of a system employing DCA and AMC greatly
depends on the accuracy of the SIR estimation. Therefore, according to equation (2) the
following problems occur:

All values in equation (2) experience fast fading and will change between the point in
time of the measurement and the point in time of the actual transmission (after
performing DCA and AMC selection). This delay causes inaccurate DCA and AMC
operation. The delay even increases, if the measurement is performed at the MS and
needs to be fed back by signaling to the BS.
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The number of interferers in the denominator depends on the actual usage (allocation) of
the subcarrier block in the adjacent cells. l.e. depending on the actual load in the
adjacent cells some subcarrier blocks might not be used. Generally, at the point in time
of the measurement, the usage of subcarrier block at the point in time of the transmission
is unknown in adjacent cells due to the following reasons:

The channel quality measurement is performed based on an outdated interference
caused by the subcarrier block allocation (scheduling) in the adjacent cells
(measurement for the n-th frame is performed at the (n-k)-th frame, where the subcarrier
allocation is most likely different).

Further, there exists the so-called chicken-and-egg allocation problem: In cell A, the
subcarrier block allocaton and AMC can only be performed after the SIR
measurement/calculation in cell A has been performed, which requires knowledge of the
subcarrier block allocation in cell B (adjacent cells). However, before the subcarrier block
allocation in cell B can be performed the SIR measurement/caiculation in cell B needs to
be performed, which requires the knowledge of the subcarrier block allocation in cell A.

In case the chicken-and-egg problem may be avoided/solved by e.g. an iterative
process, signaling of e.g. the allocation étatus between base stations would be required.
However, since the scheduling frames are in the millisecond region, the signaling would
introduce additional significant delay.

Additionally, without any power control, the average SIR (neglecting fast fading
influences) for a BS — MS link strongly depends on the geometry (e.g. distance to BS) of
the MS causing the following effects:

With increasing distance between BS and MS, the SIR for the respective links
decreases, since the average received signal power decreases and the average
received interference power increases. This translates in a significantly lower achievable
data rate per subcarrier—block for links to mobile stations in low geometry.

The difference in average SIR can be on the order of tens of dB, which requires a large
dynamic range for the AMC scheme definition. This leads to an increased amount of
signaling, since the required number of combinations of modulation schemes and code
rates increases when keeping the AMC granularity with respect to smaller dynamic
ranges.
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Compared to power controlled systems, in non-power controlied systems it is more likely
that multilevel modulation schemes (e.g. 8-PSK, 16-QAM, 64-QAM, etc) are chosen for
links to mobile stations in high geometry. Although, this increases the available
throughput for those mobile stations, it can decrease the overall system throughput
compared to a system, where the available power is distributed such that only
non-multilevel modulation schemes (e.g. QPSK) are used. This is caused by the reduced
power efficiency of multilevel modulation schemes.

Further, in contrast to power controlled systems, in non-power controlled systems it is
more likely that mobile stations in low geometry cannot receive any data with single
transmission attempts, but would need several retransmissions. Therefore, the average
number of transmissions (ARQ retransmissions) increases, which in turn increases the
transmission delay and feedback signaling, as well as decreasing the bandwidth
efficiency.

Data transmission to mobile stations in high geometry is burstier in the time domain,
since on average higher modulation and coding schemes can be selected. This results in
a burstier subcarrier block allocation. This will make the SIR estimation according to
equation (2) more difficult, since the subcarrier block allocation changes more often.

Properties of Power Controlled Systems

DCA and AMC can also be combined with Power Control (PC) schemes. Employing PC
the system tries to compensate fluctuations of the received signal power due to the
signal path loss, shadowing effects (slow fading) and or fast fading effects. Generally, PC
schemes can be classified into two categories: Fast PC and slow PC.

In contrast to systems without PC, for slow PC systems the average SIR does not
depend on the geometry of the mobile stations, assuming only siow fading effects and
unlimited minimum and maximum transmit power. Hence, the achievable data rates per
subcarrier block do not depend on the MS position. Note however, the slow PC can only
operate within certain limits (dynamic range of the control commands), i.e. the power
compensation might not be sufficient or fast enough for any link.

Fast power control is usually performed jointly with the AMC in order to adapt the
transmission rate to short term fluctuations and in order to optimize the overall power
usage.
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With slow/fast PC the instantaneous SIR estimation/measurement/calculation problem as
outlined in the previous sections above, is more severe compared to the non-PC case.
That is, the unknown number of interference components of the sum in the denominator
equation (2) do not only experience fast fading, but significantly vary in amplitude due to
the PC in adjacent cells. l.e. the intercell-interference on a given subcarrier block from a
given adjacent cell can vary from frame to frame in tens of dB depending on which MS is
scheduled on the respective subcarrier block, since the transmitted power might vary
significantly depending primarily on the MS location. This is especially critical, if the
interference is dominated by few interferers, since there is no interference averaging
effect.

Summary of the Invention

One object of the present invention to reduce the large average signal to interference
ratio (SIR) variations due to the mobile stations (MSs) geometries without causing the
additional SIR estimation, measurement and calculation problem as introduced with
power control. Hence, the present invention may be especially suited for environments
without power control.

The object is solved by the subject matter of the independent claims. The different
embodiments of the present invention are subject matters of the dependent claims.

In more detail, the present invention provides a method for balancing the distribution of
interference between radio cells in a wireless communication system. The system may
comprise a plurality of radio cells in which a plurality of subcarrier blocks is used for
communication. Each subcarrier block may comprise a plurality of subcarriers and a
number of adjacent radio cells may build a cell cluster. Further, it should be noted that
the term "subcarrier block” may also be understood as a (physical layer) channel in a
FDM (Frequency Division Multiplex) based communication system, e.g. in case the
number of subcarriers of a subcarrier block is equal to one.

According to the method the subcarrier blocks may be grouped into a plurality of
subcarrier block sets (SBSs) in each radio cell of the cell cluster. Further, a plurality of
transmission power levels may be determined for each of the radio cells of the cell
cluster and the plurality of transmission power levels may be assigned to the subcarrier
block sets of radio cells of the cell cluster. It is noted that according to this embodiment,
the number of transmission power levels and subcarrier block sets are independent of
one another, i.e. same do not necessarily have to be of same number.
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Further, the radio cells of the cell cluster may each comprise corresponding subcarrier
block sets having the same subcarriers.

The plurality of transmission power levels may be assigned to the subcarrier block sets
of radio cells of the cell cluster, such that in a single radio cell, there is a mapping of each
of the plurality of transmission power levels to a subcarrier block set of the single radio
cell, and there is a mapping of each of the plurality of transmission power levels to one of
the corresponding subcarrier block sets in the radio cells of the cell cluster. This rule for
the distribution of power levels may be especially applicable in situations in which the
number of available transmission power levels is chosen to be larger or equal to the
number of subcarrier block sets.

Further, the plurality of transmission power levels may be assigned to the subcarrier
block sets of radio cells of the cell cluster, such that in a single radio cell, there is a
mapping of each of the plurality of subcarrier block sets of the single radio cell to a
transmission power level, and there is a mapping of each of the corresponding subcarrier
block sets in the radio cells of the cell cluster to one of the plurality of transmission power
levels. In contrast to the distribution rule exemplary mentioned above, this rule for the
distribution of power levels may be especially applicable in situations in which the
number of available subcarrier block sets is chosen to be larger or equal to the number
of transmission power levels.

According to another embodiment, the mapping used in the two above mentioned
assignment rules is a unique mapping. This means that e.g. when mapping the
transmission power levels to subcarrier block sets, each of the transmission power levels
is mapped to a corresponding single subcarrier block set. If the subcarrier block sets are
mapped to the transmission power levels, each subcarrier block set is mapped to a
corresponding single transmission power level.

To simplify the distribution of transmission power levels and subcarrier block sets, their
number may be determined based on the number of radio cells forming a cell cluster.
Hence, in a further embodiment, the present invention provides a method for balancing
the distribution of interference between radio cells in a wireless communication system,
comprising a plurality of radio cells in which a plurality of subcarrier blocks is used for
communication, wherein each subcarrier block comprises a plurality of subcarriers.
Further, N adjacent radio cells may build a cell cluster, wherein N is an integer number of
2 or more.



10

16

20

25

30

WO 2005/046275 PCT/EP2004/012563

According to this embodiment of the present invention the subcarrier blocks may be
grouped into N subcarrier block sets in each radio cell of the cell cluster. Hence, the
number of subcarrier block sets corresponds to the number of radio cells in a cluster in
this embodiment. Further, N transmission power levels may be determined for each of
the radio cells of the cell cluster and the N transmission power levels may be assigned to
the N subcarrier block sets of radio cells of the cell cluster, such that each of the N
transmission power levels in a radio cell is assigned to one of the N subcarrier block sets
of the radio cell, and each of the N transmission power levels is assigned to one
subcarrier block set of corresponding subcarrier block sets.

When choosing the number of cells in a cell cluster, the number of subcarrier block sets
and the number of transmission power levels as proposed in this embodiment, the
general distribution rules as defined above may be significantly simplified.

Another embodiment of the present invention relates to a system in which the number of
transmission power levels and subcarrier block sets are each integer multiples of the
number of radio cells in a cell cluster. This embodiment also provides a method for
balancing the distribution of interference between radio cells in a wireless communication
system. Again the system may comprise a plurality of radio cells in which a plurality of
subcarrier blocks is used for communication, wherein each subcarrier block may
comprise a plurality of subcarriers. N adjacent radio cells may build a cell cluster,
wherein N may be an integer number of 2 or more.

According to the method, the subcarrier blocks may be grouped into x-N subcarrier block
sets in each radio cell of the cell cluster, wherein the radio cells of the cell cluster each
comprise corresponding subcarrier block sets having the same subcarriers. x represents
an integer number of 1 or more. Further, y-N transmission power levels may be
determined for each of the radio cells of the cell cluster, wherein y is an integer number
of 1 or more.

Next, the y-N transmission power levels may be assigned to the x-N subcarrier block sets
of radio cells of the cell cluster, such that each of the y-N transmission power levels in a
radio cell is assigned to one of the x*N subcarrier block sets of the radio cell, and y/x
transmission power levels on average are assigned to one subcarrier block set of
corresponding subcarrier block sets.

It is noted that the ratio y/x may also result in a non-integer number depending on the
choice of the parameters x and y. Obviously, it is not possible to assign half of a
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transmission power level to a subcarrier block set. However, it is possible to distribute an
integer number of power levels to subcarrier block sets such that different quantities of
power levels are assigned to each of the subcarrier block sets. Hence, on average the

ratio of y/x power levels is assigned.

It is further noted that the different embodiments of the method for balancing the
interference in a wireless communication system outlined above should not be
understood as restricting the power levels in the different cells of a cell cluster to identical
power levels. The individual power levels in each radio cell of a cell cluster may be
identical or may be different from each other. This is of advantage to be able to adapt to
the e.g. respective channel conditions and cell-sizes in the different cells.

In all embodiments above, the method may further comprise the steps of measuring the
path loss of a communication signal of a communication terminal and the path loss of the
interference from adjacent cells. The embodiments above may further comprise the
assignment of the communication terminal to one or multiple subcarrier blocks of one of

the subcarrier block sets based on the measurement.

A transmission power level for the communication terminal may be determined based on
the above mentioned measurement, and the communication terminal may be assigned to
at least one subcarrier block set based on the determined transmission power level.

It should be noted that the actual channel assignment may be carried out onto a
subcarrier block. In this context, the assignment to a subcarrier block set may be
regarded as a pre-selection.

In an alternative embodiment, it may also be considered to assign a block set to a
communication terminal first and to choose the respective transmission power level
based on the assignment. Hence, the transmission power level may be determined
based on the assigned block set.

The transmission power level of the assigned subcarrier block set may be indirectly
proportional to the ratio of the measured signal path loss and the measured interference
path loss. Consequently, for a communication terminal that is located close to a base
station of a radio cell the measurement results may indicate that a low transmission
power level may be sufficient for a communication between the communication terminal
and the base station. In contrast, for a communication terminal that is located near to the
cell boundaries of a radio cell the measurement results may indicate that an accordingly
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high transmission power level may be required for a communication between the
communication terminal and the base station.

Further, it should be noted that e.g. a degrading channel quality may not be countered by
raising the transmission power level. Altematively, the transmission power may only be
increased at a low level or remain constant. The degradation in the channel quality may
be countered by changing the modulation (and coding) scheme used on a channel (or for
a subcarrier block) or by changing the assigned subcarrier block set.

It is of further advantage, if the transmission power levels in different radio cells of a cell
cluster vary, such that same may be adapted to the respective channel conditions in
each of the radio cells of the cell cluster.

To be able to adapt to changing channel quality conditions also the subcarrier block sets
in a radio cell may be reconfigured. For the same reason as above also the transmission
power levels in a radio cell may be reconfigured.

The reconfiguration of the power levels and/or the subcarrier block sets in the radio cell
may be performed in accordance with the other radio cells of its cell cluster. The
reconfiguration may be based on channel quality measurements in the radio cell and/or
the other radio cells of its cell cluster.

Further, information related to a reconfiguration of the sub carrier block sets in a radio cell
may be signaled from the radio cell to the other radio cells of its cell cluster or may be
signaled from a supervising unit (e.g. radio network controlier) to the radio cells forming a
cell cluster.

According to a further embodiment of the present invention also information related to
channel qualities in a radio cell may be signaled from the radio cell to the other radio
cells of its cell cluster. By signaling the channel qualities in a radio cell to adjacent radio
cells, same may include the information when reconfiguring the transmission power
levels or subcarrier block sets in the respective radio cell.

The main idea underlying the present invention may also be applicable to systems in
which radio cells are divided into sectors, i.e. to systems using multi-beam antennas or
multiple antennas. Employing this layout, a single cell may be divided in a plurality of
sectors each covered by an antenna beam. According to another embodiment, the
present invention therefore provides a method for balancing the distribution of
interference between radio cells in a wireless communication system. The system may
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comprise a plurality of radio cells each of them comprising at least two sectors, wherein
in each sector a plurality of subcarrier blocks is used for communication. Each subcarrier
block may comprise a plurality of subcarriers, and a number of adjacent radio cells build
a cell cluster.

The subcarrier blocks may be grouped into a plurality of subcarrier block sets in each of
the sectors of each radio cell of the cluster. A plurality of transmission power levels may
be determined for each sector of each radio cell of the cell cluster. Next, the plurality of
transmission power levels may be assigned to the plurality of subcarrier block sets of a
sector of a radio cell and its adjacent sectors of the other radio cells.

Each sector of a radio cell may have adjacent sectors belonging to other radio cells of
the cell cluster. Further, a sector of a radio cell and its adjacent sectors in the other radio
cells may build a sector cluster and each may comprise corresponding subcarrier block
set having the same subcarriers.

The plurality of transmission power levels may be assigned to the subcarrier block sets
of radio cells of the cell cluster, such that in a single sector of a radio cell, there is a
mapping of each of the plurality of transmission power levels to a subcarrier block set of
the sector, and there is a mapping of each of the plurality of transmission power levels to
one of the corresponding subcarrier block sets in the sector cluster.

Alternatively, the plurality of transmission power levels may be assigned to the subcarrier
block sets of radio cells of the cell cluster, such that in a single sector of a radio cell,
there is a mapping of each of the plurality of subcarrier block sets of the sector to a
transmission power level, and there is a mapping of each of the plurality of the
corresponding subcarrier block sets in the sector cluster to one transmission power level.

As outlined above, the mapping may be a unique mapping.

To simplify the distribution of transmission power levels and subcarrier block sets, their
number may be determined in relation to the number of radio cells forming a cell cluster.
Hence, in a further embodiment, the present invention provides a method for balancing
the distribution of interference between radio cells in a wireless communication system.
The system may comprise a plurality of radio cells each of them comprising at least two
sectors, wherein in each sector a plurality of subcarrier blocks is used for
communication, wherein each subcarrier block comprises a plurality of subcarriers. A
number of adjacent radio cells may build a cell cluster,.
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The subcarrier blocks may be grouped into N subcarrier block sets in each of the sectors
of each radio cell of the cluster, wherein each sector of a radio cell may have N-1
adjacent sectors in the other radio cells of the cell cluster, and wherein a sector of a radio
cell and its adjacent sectors in the other radio cells each comprise corresponding
subcarrier block set having the same subcarriers. N may be an integer number of 2 or

mare.

Further, N transmission power levels may be determined for each sector of each radio
cell of the cell cluster. The N transmission power levels may be assigned to the N
subcarrier block sets of a sector of a radio cell and its adjacent sectors of the other radio
cells, such that in a sector, each of the N transmission power levels in the sector of a
radio cell is assigned to one of the N subcarrier block sets of the sector, and each of the
N transmission power levels is assigned to one subcarrier block set of corresponding

sectors.

Another embodiment of the present invention relates to a system in which the number of
transmission power levels and subcarrier block sets are each integer multiples of the
number of radio cells in a cell cluster. This embodiment also provides a method for
balancing the distribution of interference between radio cells in a wireless communication
system. Again, the system may comprise a plurality of radio cells each of them
comprising at least two sectors, wherein in each sector a plurality of subcarrier blocks is
used for communication, wherein each subcarrier block comprises a plurality of
subcarriers. A number of adjacent radio cells may build a cell cluster,.

In this embodiment, the subcarrier blocks may be grouped into x-N subcarrier block sets
in each of the sectors of each radio cell of the cluster, wherein each sector of a radio cell
may have N-1 adjacent sectors in the other radio cells of the cell cluster, and wherein a
sector of a radio cell and its adjacent sectors in the other radio cells each comprise
corresponding subcarrier block set having the same subcarriers. x may be an integer
number of 1 or more. N may be an integer number of 2 or more.

Further, y-N transmission power levels may be determined for each sector of each radio
cell of the cell cluster, wherein y may be an integer number of 1 or more.

The y-N transmission power levels may be assigned to the x:N subcarrier block sets of a
sector of a radio cell and its adjacent sectors of the other radio cells, such that in a radio
cell, each of the y-N transmission power levels in a sector of a radio cell is assigned to
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one of the x-N subcarrier block sets of the sector, and y/x transmission power levels on
average are assigned to one subcarrier block set of corresponding sectors.

The communication system may further comprise a plurality of communication terminals
communicating with base stations associated to the plurality of radio cells. The path loss
of a communication signal of a communication terminal and the path loss due to
interference from adjacent sectors for the communication signal may be measured e.g.
at a base station, and the communication terminal may be assigned to at least one
subcarrier block of a subcarrier block set in a sector based on the measurement.

In a further step a transmission power level for the communication terminal may be
determined based on the measurement, and the communication terminal may be
assigned to a block set based on the determined transmission power level.

According to another embodiment, it may also be considered to assign a block set to a
communication terminal first and to choose the respective transmission power level
based on the assignment. Hence, the transmission power level may be determined
based on the assigned block set.

The transmission power levels in different sectors may vary as well as the transmission
power levels in sectors of a radio cell.

Further, the subcarrier block sets may be reconfigured in a sector of radio cell. Same
applies to the transmission power levels of a sector as well.

The reconfiguration of the power levels and/or the subcarrier block sets in the sector may
be performed in accordance with the other sectors of its sector cluster. Further, the
reconfiguration may be based on channel quality measurements in the sector and/or the
other sectors of its sector cluster.

In the context of reconfiguration, information related to a reconfiguration of the subcarrier
block sets in a sector may be signaled from its radio cell to radio cells comprising sectors
of the sector cluster. Also, information related to channel qualities in a sector may be
signaled from its radio cell to radio cells comprising sectors of the sector cluster.

Independent from the system architecture, i.e. the usage of sectorized radio cells or not,
the information related to the reconfiguration of power levels or subcarrier block sets may
be signaled to a control unit in the communication system. Taking the example of the
Release 99/4/5 UTRAN (UMTS Terrestrial Radio Access Network) architecture, such a
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control unit may be a radio network controller (RNC) or, in the evolved architecture an
functionally enhanced Node B, the Node B+.

Further, also independent from the system architecture, information related to a
subcarrier block assignment and/or a subcarrier block set assignment may be signaled to
a communication terminal.

According to a further embodiment of the present invention, a communication terminal in
a wireless communication system is provided. The communication terminal may
comprise receiving means for receiving the information indicating a subcarrier block
assignment and/or a subcarrier block set assignment, and selection means for selecting
the signaled assigned subcarrier block and/or signaled assigned subcarrier block set for
data transmission.

All the different embodiments of the inventive method for balancing the co-channel
interference in radio cells may be advantageously used in a base station. The base
station may be equipped with the respective means for performing the different method
steps according to the different embodiments of method as outlined above. The present
invention also provides radio communication system comprising a base station adapted
to carry out the method according to the different embodiments and at least one
communication terminal.

Brief Description of the Drawings

In the following the present invention is described in more detail in reference to the
attached figures and drawings. Similar or corresponding details in the figures are marked
with the same reference numerals.

Fig. 1 shows the transmit (TX) power for subcarrier blocks in the prior art (a) and
three examples for a given radio cell (b) with different power offsets for
subcarrier blocks belonging to the subcarrier block sets (SBS) (with
Pses 1> Pses2 > Psgs 3) according to and embodiment of the present
invention,

Fig. 2 shows three examples showing the muilti-cell SBS configuration with three
equal sized subcarrier block sets according to an embodiment of the present
invention,
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Fig. 3 shows a distribution of the average SIR depending on the geometry with
respect to a base station for a prior art system without pawer control,

Fig. 4 shows the art relative SIR occurrences for the locations within the
boundaries of a radio cell attached to a base station BS in the prior art,

Fig. 5 shows a SBS power allocation pattern in a hexagonal cell layout with three
SBSs,

Fig.6to 9 show a distribution of the average SIR depending on the geometry for
different transmission power levels of subcarrier block sets and for a
combination of same according to an embodiment of the present invention,

Fig. 10 shows the relative SIR occurrences for the locations within the boundaries of
cell BS1 according to an embodiment of the present invention,

Fig. 11 shows the mean and standard deviation for the average SIR for selected
power-offset combinations according to an embodiment of the present
invention,

Fig. 12 shows an example for a SBS power allocation pattern in a hexagonal cell
layout with three SBSs and three sectors per cell according to an
embodiment of the present invention, and

Fig. 13 shows another example of a SBS power allocation pattern in a hexagonal
cell layout with three SBSs and three sectors per cell according to an
embodiment of the present invention.

Detailed Description

In the following the present invention will be descrived with regard to wireless
communication system using OFDM. Though the examples relate to OFDM, it should be
noted that the ideas underlying the present invention may be readily applied to other
FDM based communication systems as well. |

According to an embodiment of the present invention the OFDM subcarrier blocks may
be divided into N subcarrier block sets (SBS). For each SBS a different constant (or
semi-static) transmit power level is defined, as depicted for three examples in Fig. 1 (b).
The assignment of the transmission power levels may be performed in accordance with
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the SBS power levels in adjacent cells in order to manipulate the distribution of the SIR
levels within radio cells.

Compared to prior art, this power-offset assignment may have two major impacts on the
system: Firstly, it allows to assign mobile stations such, that the path loss can be
compensated somewhat by assigning subcarrier blocks from appropriate SBSs. l.e.
mobile stations in low geometry can preferably be assigned to SBSs with high transmit
power (and low intercell-interference) and mobile stations in high geometry can
preferably be assigned to SBSs with low transmit power (and high intercell-interference).
Hence, the average SIR for mobile stations in low geometry (at the cell edge) should be
increased and the average SIR for mobile stations in high geometry (close to the cell
center) should be decreased. The term "geometry" may refer to the quality of a
communication link between a communication terminal and a base station in a radio cell
given a specified transmit power. The geometry may be inversely proportional to the path
loss, which is dependent on e.g. the distance of the communication terminal to the base
station, obstructions such as buildings, etc.

Secondly, the created amount of interference in adjacent cells may differ significantly for
the SBSs, which in turn influences the SIR of links in adjacent cells. Compared to a DCA
and AMC system with Power Control (PC), the amount of interference may be estimated
more precisely, since the power levels cannot change instantaneously (assuming full
load) and, hence, may be known in adjacent cells. |.e., in case the assigned MS to a
given subcarrier block in an adjacent cell changes, the created interference does not
change, since the transmitted power remains constant (except fast fading effects).

In the following simulation of the SIR distribution within radio cells and the distribution's
standard deviation will be presented for a prior art communication system (see Fig. 1 (a),
Fig. 3 and Fig. 4) as well as for systems operating according to the different
embodiments of the present invention (see Fig. 1 (b), Fig. 5 to 10).

In the simulation, the following assumptions have been made. A regular hexagonal cell
layout with one sector per radio cell (omni directional antenna pattern) has been chosen.
An example of the cell layout is for example shown in Fig. 5. Further, there are three
SBS per cell (N = 3), wherein a SBS is build of adjacent subcarrier blocks (example 1 in
Fig. 2).

Moreover each SBS contains an equal number of subcarrier blocks. The mobile stations
are distributed uniformly in each cell. The system is fully loaded, i.e. all subcarrier blocks
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are used in all radio cells, i.e. all radio cells transmit on all subcarrier blocks with a
predetermined transmission power level. Further, a perfect hard-handover is provided,
i.e. mobile stations which are physically located within the hexagon of cell A belong to
cell A. All base stations transmit with equal total power and the power level ratios
between SBSs may be equal for all cells. The simulations show average SIR values, i.e.
fast fading effects have been neglected.

Fig. 3 shows the SIR distribution (for any subcarrier block) with respect to a radio cell
and its base station BS, for a prior art system without power control, when the respective
subcarrier block is used in all adjacent cells (interference form from non-adjacent cells is
neglected). l.e. in the example a constant transmission power level for all subcarrier
blocks is used. The SIR distribution within the radio cell boundaries of BS; spreads over
a large range in dB, with a standard deviation (STD) of 8.4 dB (see Fig. 4). Hence, in a
conventional system the SIR for a radio channel between base station BS; and a
communication terminal close to the base station BS4 may be larger than required for
data reception with the modulation coding scheme providing the highest data rate
(highest SIR requirement) at a given bit/block error rate. However, close to the radio
cell's boundary the SIR may drop below a level necessary for data reception with the
modulation coding scheme providing the lowest data rate (lowest SIR requirement) at a
given bit/block error rate . As can be seen in Fig. 4 there is a large standard deviation in
the distribution of SIR levels within the radio cell. It is noted that the rightmost bar in the
figure represents all SIR of 30dB and above in the radio cell.

One aspect of the present invention is to achieve a more homogeneous or balanced
average SIR distribution within a radio cell. Hence, the present invention according to
one embodiment aims to decrease the SIR STD, to counter the problems mentioned in
the introduction and without introducing the problems involved with power control.

Bearing in mind, that the SIR is influenced by both the received signal powwer and the
received interference power, two effects may be observed. Firstly, the received average
signal power decreases with increasing distance between BS and MS (path loss).
Secondly, the received intercell-interference power increases with increasing distance
between BS and MS, since the distance to at least one adjacent interfering BS
decreases.
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Both effects are addressed by the present invention. The first effect may be countered by
the definition of different transmission power levels for the defined SBSs as shown in the
examples of Fig. 1 (b).

Fig. 1 (b) shows three different examples for the division of subcarrier blocks into
subcarrier block sets. Taking the left-most example in the figure, the first three subcarrier
blocks are assigned to a subcarrier block set which is in turn associated with a
transmission power level P'sgs 1. As becomes clear from this example, a predetermined
number of consecutive subcarrier blocks may be grouped into a subcarrier block set
which is assigned to a transmission power level. The example shown in the middle of
Figure 1 (b) provides subcarrier blocks in predetermined intervals to a single subcarrier
block set. Every third subcarrier block is assigned to a subcarrier block set. However, it is
also possible to freely distribute subcarrier blocks to different subcarrier block sets, as
illustrated in the right-most example of Fig. 1 (b). In all three examples shown, the
different subcarrier block sets and their subcarrier blocks are indicated by the different
height of the bars shown in the figure. Further, it should be noted that not necessarily an
equal number of subcarrier blocks has to be assigned to each of the subcarrier block
sets, but the total available subcarrier blocks may be freely distributed into subcarrier
block sets.

The definition of different transmission power levels may provide the possibility to map
mobile stations in low geometry to subcarrier blocks belonging to a SBS with high
transmit power, to map mobile stations in medium geometry to subcarrier blocks
belonging to a SBS with medium transmit power and to map mobile stations in high
geometry to subcarrier blocks belonging to a SBS with low transmit power. It is noted
again, that only exemplary three transmission power levels are used in this embodiment.

The second effect is mainly addressed by way of assignment rules for the distribution the
transmit power levels to the SBSs in adjacent cells in a multi-cell system. Considering a
cell cluster of three radio cells, the examples in Fig. 2 show that the power levels in radio
cells 1-3 are assigned such that for respective SBSs a high, a medium and a low power
level is defined. l.e., it is noted that the different exemplary subcarrier block set
allocations correspond to the examples shown in Fig. 1 (b).

The following rule for the assignment of power levels may be defined: Given a radio cell
1 (BS4) with a SBS transmit power levels (P % “sgs number) cOmbination of Plsgs 1= P'sgs

2> Psgs 3, the SBS transmit power level combinations for adjacent radio cells 2 (BS;) and
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3 (BSs) are defined as Plsps 2> Pisps 3> Psgs 1 and Psas 3>P%sgs 12P%sgs 2. It is further
noted that a cell cluster does not comprise all adjacent radio cells. As shown in Fig. 5,
the resulting "cluster structure" is comparable to those known from channel reuse
schemes.

Though the examples shown in Fig. 2 refer to three subcarrier block sets per radio cell
and three transmission power levels, the present invention is generally applicable to any
number of transmission power levels and subcarrier block sets in a radio cell. As
becomes obvious from the example given above, certain constellation in the choice of
the number of transmission power levels and the number of subcarrier block sets may
facilitate a simple assignment rule of transmission power levels to subcarrier block sets
(or vice-versa).

The following matrix shows an example for the generalization of the "assignment rule"
stated above:

sBS, | sBS, | SBS; | | sBSw: | SBSu

radocell 1| Py | Py, | Py | P | P
"""" adocel2] P L PR L PR L . | P | P
""""" adocelld] P | Px 1 P 1 . 1 Pxe | P
radocelN-A| PMy o PM, oMy 1 Lo vy
------- rdocelN| % | P | PY | . | P% | PY

In the table above, the power levels P" of an index x may vary between different radio
cells or may represent the same power level. It is Important to note, that in the given
example the index x=1 refers to the lowest of the chosen power levels P in radio cell n,
while x=X refers to the largest chosen power level P% in radio cell n. Moreover,
P" < P".1 is valid for all x. The distribution of the power levels among different cells is
achieved by a permutation of the index x indicating the strength i.e. power level of a
signal emitted by a base station of radio cell n. As can be further seen in the table, each
of the power intensity indices x e {1,2,3,...,X } occurs once in each column and each row

of the matrix. Hence, in the example shown, the number of subcarrier block sets M
equals the numbers of transmission power levels X. Also the number of radio cells in a
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cluster N is the same as the number of subcarrier block sets M or transmission power
levels X respectively. Note, that a further embodiment of the present invention allows
setting P"x = P"x4, which essentially means that in the respective cell SBS,, and SBS
can have an identical transmit power. Obvious, this may only be valid for selected
subcarrier block sets. This embodiment is similar to the case when having less power
levels than subcarrier block sets for a given cell and a single power levels is used for
multiple subcarrier block sets.

To further generalize the distribution rule, the following table addresses a situation in
which there are more transmission power levels X than subcarrier block sets M, i.e. X>M.
For simplicity, we assume X=2-M. Hence, always two power levels may be mapped on a
single subcarrier block set.

SBS; | SBS; | SBSs | .. | SBSw: | SBSy

radio cell 1| P';, P,  P'xs Plxz} P'xr, P

Pt S, b e
) 1

o 1 it 1

t P'xs, P'xai Pxa, P'xa2

radiocellN| P's, Py | P's, P’ P'7, Pl |

o
x
A
b
kA
-
)
o

As the indices x in the power level P indicate in the table neighboring power levels
({1.21.{3,4}, ..., {X-1,X}) are mapped to a single subcarrier block set. It should be noted
that of course any other distribution of two power levels to a subcarrier block set may be
also possible according to a further embodiment of the present invention. Furthermore, in
case there are more power levels chosen than subcarrier block sets available, it may be
also possible to allocate for unequal numbers of transmission power levels to the
subcarrier block sets. When choosing a distribution it should be considered to follow the
rule as stated above, i.e. that each row and column in the matrix may only comprise each
of the power level indices x once. In case of the definition of multiple power levels per
subcarrier block set, the transmitter may be free to select any of those power levels for
transmission. Typically, the transmitter selects the power level based on the
instantaneous channel quality of the respective receiver to which to transmit to.
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In case M>X, more than one subcarrier block set may be assigned to a single
transmission power level. Also in case N#M, i.e. the number of radio cells in a cluster
and the number of subcarrier block sets is not equal, a distribution rule may follow the
rule as stated above, i.e. that each row and column in the matrix may only comprise each
of the power level indices x once.

When choosing the number of transmission power levels and subcarrier block sets equal
to a multiple of the number of cells in a cell cluster, a simple distribution rule may be
defined. In case the number of subcarrier block sets and the number of transmission
power levels per radio cell are also equal, a simple mapping scheme as outlined above
may be used.

The choice and distribution of power levels and subcarrier block sets may lead to a
decreased interference level for the SBS with high transmit power and a to an increased
interference level for the SBS with low transmit power compared to prior art systems.

Extending the rule to a hexagonal multi-cell layout build built out of 3-cell clusters it may
be achieved, that adjacent cells are always assigned different SBS power levels as
illustrated in Fig. 5.

Fig. 6 to 8 show the SIR distribution for the SBS1 to SBS3 for radio cell 1 (BS;), when
the assigned transmit power offsets (power levels) are 2.6 dB, -0.4 dB and -5.4 dB for
SBS 1, 2 and 3 respectively. The power offsets may be defined with respect to the
average power per SBS of 0 dB, i.e. 2.6 dB + [0 -3 -8] dB). Within the boundaries of
radio cell 1), it may be observed that for all SBSs the SIR decreases with increasing
distance from BS;. Moreover, as expected the average SIR decreases from SBS1 to
SBS3.

Fig. 9 shows the SIR distribution for the following setting. SBS1 (high power) covers the
low geometries within radio cell 1 (Area 1), SBS2 (medium power) covers the medium
geometries within cell 1 (Area 2), and SBS3 (low power) covers the high geometries
within cell 1 (Area 3). l.e. mobile stations may be assigned to subcarrier blocks belonging
to SBSs, which covers the area in which they are located. One should bear in mind that
the geometry may depend on the path loss, which is not strictly coupled to the distance
between transmitter and receiver, but may also depend on obstructions. The given
example, however, depicts a simplified layout, where the path loss depends only on the
distance.
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Compared to the prior art SIR distribution in a radio cell as shown in Fig. 3 and 4, the SIR
distribution using the present invention is more homogeneous, i.e. the SIR close to the
radio cell boundaries is increased and the SIR at the radio cell center is decreased.

This effect is also illustrated in Fig. 10. The standard deviation (STD) of the SIR
distribution within a radio cell is significantly lowered to 5.5dB compared to the STD of
8.4dB for prior-art systems. Looking at the SIR range from 1 to 10 dB, this means that for
the given power offsets 85% of the average SIR values are within this range (49% for
prior art). This allows defining the AMC schemes within a reasonable dynamic range.
Moreover, this may help to achieve more homogeneous data rates for all mobile stations
in a given cell. Further, the probability of having retransmissions to mobile stations in low
geometry may be reduced as well as the probability of using power inefficient multilevel
modulation schemes.

It should be noted, that the decrease in STD may also result in & decrease in the mean
value of the average SIR. However, this decrease may not have a significant impact,
since values beyond 30 dB — contributing significantly to the mean value of the average
SIR in the prior art case - can usually not be utilized efficiently due to AMC limitations.
Fig. 11 and the table below show results obtained for different power offset settings.

i i  Percentage
i Mean i between 1 and
Power Offsets [dB] ; (SIR) [dB] | STD(SIR)[dB] | 10 dB[%]
None (prior art) : :
000! 82 | 8.4 E 49
[0.9 -0.1 -1.1]or |
0 —1 2] +09| 82 | 75 | 65
[2.2 -0.8 -2.8]or | g
0-38+22; 9 | 6.4 | &
[2.6 -0.4 -5.4]or | § ;
03 -8+26] 5 | 5.5 | 85
[2.8 -0.2 -92]or
o-3-12]+28f %7 | 4.9 ' 87

As can be seen in the table above, the mean SIR as well as the standard deviation is
decreasing when employing the methods proposed according to the different
embodiments of the present invention. Though the mean SIR is reduced, more
communication terminals have an SIR in the range of 1 to 10 dB allowing e.g. more
homogenous achievable data rates or more efficient utilization of AMC schemes.
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What has to be understood is that according to one embodiment the key aspects of this
embodiment are the definition of subcarrier block sets (SBS) within the radio cells of a
wireless communication system as well as the definition of different power offsets
(transmission power levels) for the SBSs. Further, the power offset definitions in adjacent
cells may be aligned, such that at least the interference for the SBS with the highest
power is reduced.

According to a further embodiment, a MS in low geometry may be assigned to high
power SBSs and vice versa. l.e. a communication terminal is assigned a radio channel
(subcarrier block set) based on its geometry. It should be noted that in a real (non-ideal
hexagonal) deployment and environment the term geomefry does not necessarily
correspond to the MS — BS distance (MS distance to the cell center), but it refers more to
the signal path loss. l.e. a MS can be very close to the BS, but have a low average SIR,
since the signal path it is shadowed by a building and the interference path(s) is (are)
LOS (line-of-sight).

A subcarrier block as used in the previous sections may comprise M subcarriers, where
M may also be 1. |.e. in case of M=1 the system would be "reduced" to a FDM system.

A subcarrier block set (SBS) may contain S subcarrier blocks, where S can vary
depending on the defined SBS. However, in a preferred embodiment the same
subcarrier blocks may be used for respective SBSs in adjacent cells. In the latter case,
for each of the subcarrier block sets in each radio cell of a cell cluster there may exist a
corresponding subcarrier block set in an adjacent radio cell correspond in that the same
subcarriers are assigned to the corresponding subcarrier block sets.

Further, the SBS power offsets may vary depending on the radio cell. For x defined
SBSs, up to x-1 SBSs may have the same power offset. The power offsets may be
reconfigured for each cell individually or in accordance with adjacent radio cells.

Another aspect of the present invention is related to the signaling for the (re)configuration
of subcarrier block sets in the radio cells and the transmission power levels. Since a
reconfiguration in a radio cell may be coordinated with adjacent the cell's radio cells, it
may be necessary to signal information related to the reconfiguration to the adjacent
cells.

For example information relating to the channel quality, i.e. interference levels in a radio
cell may be signaled to the neighboring radio cells in order to enable same to use this
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information when considering a reconfiguration of their power levels used. Also when the
grouping of subcarrier blocks into subcarrier block sets has to be changed, the new

distribution or mapping of subcarrier blocks to subcarrier block sets have to be signaled
to the adjacent cells, as those may use the same mapping in the respective cell.

Depending on the network architecture this information may also be transmitted to a
supervising unit (e.g. radio network controller) controlling a cell cluster and may utilize
respective information in order to initiate a (re)configuration.

According to a further embodiment of the present invention, another aspect of the
invention is the signaling related to the communication between transmitter and receiver.
The signaling between the transmitter and the receiver may comprise the signaling of a
subcarrier block set assignment and a subcarrier block assignment. Before an actual
frequent (frame-by-frame) assignment of the subcarrier block, there may be a relatively
less frequent pre-assignment of a mobile station to a subcarrier block set, which may
pbasically define an “active” subcarrier block set for the respective mobile station.

This may allow to reduce the signaling overhead for the subcarrier block assignment,
since the signaling has only be performed with respect to the subcarrier block set to
which the mobile station is pre-assigned. Moreover, it may allow reducing the signaling
overhead for the channel quality feedback signaling from receiver to transmitter, which
may be carried out only for the respective subcarrier block set.

Further, it is noted that the ideas underlying the present invention may be applied to any
cell layout. According to another embodiment of the present invention, a sectorized radio
cell may be used. An example for a hexagonal radio cell layout with 3 sectors per cell is
shown in Fig. 12 and 13. It may be assumed that the antenna patterns of the adaptive
array antennas define sectors within a radio cell which interfere with each other in a
neglectable manner (i.e. antenna beam width < 120°). In this case the interference of
sectors of adjacent cells (within the antenna beam width) may be dominating. As shown
in Fig. 12, for sector 2 of radio cell 1 (BS,) there exist two adjacent sectors in adjacent
radio cells, namely sector 2 in radio cell 3 (BS3) and sector 3 in radio cell 2 (BS,). These
three adjacent sectors in the different radio cells may also be considered as a sector
cluster.

In each of the sectors shown in a single radio cell, the same subcarrier blocks (i.e.
subcarriers) may be simultaneously used. For balancing the interference the methods as
proposed above for the use of non sectorized radio cells may be employed. The method
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is only adopted to the new cell layout in that instead of performing interference balancing
on radio cells of a cell cluster, the interference between sectors of a sector cluster is
balanced.

When comparing Fig. 12 to Fig. 5, it is noted that the same choice of the number of
transmission power levels and subcarrier block sets and a similar mapping between
power levels and subcarrier block sets may be employed. As illustrated in Fig. 12, the
same power level-subcarrier block set combinations may be used within the sectors of a
radio cell. Hence, the "pattern" of coordinated power level-subcarrier block set
combinations among sectors belonging to a sector cluster may correspond to same
known from Fig. 5 for coordinated power level-subcarrier block set combinations for a
radio cell cluster. However, in case of employing multiple sectors within a radio cell, the
power levels chosen in the sectors of a single radio cell may differ from each other.

Further, the transmission power levels and subcarrier block sets within a sector may be
reconfigured as described above. The signaling that may be necessary to inform
adjacent radio cells on the reconfiguration of a sector may be transmitted to the base
stations providing the antenna beam of adjacent sectors of a sector cluster.

Another example for a possible power level-subcarrier block set combination is illustrated
in Fig. 13. In this embodiment of the present invention, the sectors of a single radio cell
do not use the same power level-subcarrier block set combination, as in the example of
Fig. 12. The resulting "pattern" of coordinated power level-subcarrier block set
combinations considered on a sector basis is similar to the one shown in Fig. 5. This
means that a sector in Fig. 13 corresponds to a radio cell in Fig. 5 to abstain from the
fact that more than one sector is controlled by a base station of a radio cell.

The ideas underlying the present invention may also be readily applied to MC-CDMA
(Multi Carrier - CDMA) systems. When using a MC-CDMA system, the transmit power
levels for a given SBS may be defined for the sum of the power-per-code for a given
(sub)carrier-(block). Such a MC-CDMA system may employ spreading in time and/or
frequency domain.

Further, it is noted that the principles underlying the present invention may be applicable
to communication on the downlink and/or the uplink of a communication system.
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CLAIMS

1. A method for balancing the distribution of interference between radio cells in a
wireless communication system, the system comprising a plurality of radio cells in
which a plurality of subcarrier blocks is used for communication, wherein each
subcarrier block comprises a plurality of subcarriers, wherein a number of
adjacent radio cells build a cell cluster, the method comprising the steps of:

grouping said subcarrier blocks into a plurality of subcarrier block sets in each
radio cell of the cell cluster,

determining a plurality of transmission power levels for each of the radio cells of
said cell cluster, and

assigning the plurality of transmission power levels to the subcarrier block sets of
radio cells of the cell cluster.

2. The method according to claim 1, wherein the radio cells of the cell cluster each
comprise corresponding subcarrier block sets having the same subcarriers.

3. The method according to claim 2, wherein said plurality of transmission power
levels is assigned to the subcarrier block sets of radio cells of the cell cluster,
such that

in a single radio cell, there is a mapping of each of said plurality of
transmission power levels to a subcarrier block set of said single radio cell,
and

there is a mapping of each of said plurality of transmission power levels to
one of said carresponding subcarrier block sets in the radio cells of said
cell cluster.

4. The method according to one of claims 1 to 3, wherein said plurality transmission
power levels is assigned to the subcarrier block sets of radio cells of the cell
cluster, such that

in a single radio éell, there is a mapping of each of said plurality of
subcarrier block sets of said single radio cell to a transmission power level,
and
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there is a mapping of each of said corresponding subcarrier block sets in
the radio cells of said cell cluster to one of said plurality of transmission
power levels.

5.  The method according to claim 3 or 4, wherein the mapping is a unique mapping.

A method for balancing the distribution of interference between radio cells in a
wireless communication system, the system comprising a plurality of radio cells in
which a plurality of subcarrier blocks is used for communication, wherein each
subcarrier block comprises a plurality of subcarriers, wherein N adjacent radio
cells build a cell cluster, N being an integer number of 2 or more, the method
comprising the steps of:

grouping said subcarrier blocks into N subcarrier block sets in each radio cell of
the cell cluster, wherein the radio cells of the cell cluster each comprise
corresponding subcarrier block sets having the same subcarriers,

determining N transmission power levels for each of the radio cells of said cell
cluster,

assigning N transmission power levels to the N subcarrier block sets of radio cells
of the cell cluster, such that

each of the N transmission power levels in a radio cell is assigned to one
of the N subcarrier block sets of said radio cell, and

each of the N transmission power levels is assigned to one subcarrier
block set of corresponding subcarrier block sets.

A method for balancing the distribution of interference between radio cells in a
wireless communication system, the system comprising a plurality of radio cells in
which a plurality of subcarrier blocks is used for communication, wherein each
subcarrier block comprises a plurality of subcarriers, wherein N adjacent radio
cells build a cell cluster, N being an integer number of 2 or more, the method
comprising the steps of:

grouping said subcarrier blocks into x:N subcarrier block sets in each radio cell of
the cell cluster, wherein the radio cells of the cell cluster each comprise
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corresponding subcarrier block sets having the same subcarriers, X being an
integer number of 1 or more,

determining y-N transmission power levels for each of the radio cells of said cell
cluster, y being an integer number of 1 or more,

assigning y-N transmission power levels to the x:N subcarrier block sets of radio
cells of the cell cluster, such that

each of the y'N transmission power levels in a radio cell is assigned to one
of the x-N subcarrier block sets of said radio cell, and

y/x transmission power levels on average are assigned to one subcarrier
block set of corresponding subcarrier block sets.

The method according to one of claims 1 to 7, wherein the offsets between the
transmission power levels in a radio cell vary between the radio cells.

A method for balancing the distribution of interference between radio cells in a
wireless communication system, the system comprising a plurality of radio cells
each of them comprising at least two sectors, wherein in each sector a plurality of
subcarrier blocks is used for communication, wherein each subcarrier block
comprises a plurality of subcarriers, wherein a number of adjacent radio cells
build a cell cluster, the method comprising the steps of:

grouping said subcarrier blocks into a plurality of subcarrier block sets in each of
the sectors of each radio cell of said cluster

determining a plurality of transmission power levels for each sector of each radio
cell of the cell cluster,

assigning the plurality of transmission power levels to the plurality of subcarrier
block sets of a sector of a radio cell and its adjacent sectors of said other radio
cells.

The method according to claim 9, wherein each sector of a radio cell has adjacent
sectors in the other radio cells of the cell cluster, and wherein a sector of a radio
cell and its adjacent sectors in said other radio cells build a sector cluster and
each comprise corresponding subcarrier block set having the same subcarriers.
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11.  The method according to claim 10, wherein said plurality of transmission power
levels is assigned to the subcarrier block sets of radio cells of the cell cluster,
such that

in a single sector of a radio cell, there is a mapping of each of said plurality

of transmission power levels to a subcarrier block set of said sector, and

there is a mapping of each of said plurality of transmission power levels to
one of said corresponding subcarrier block sets in said sector cluster.

12.  The method according to claim 10 or 11, wherein said plurality transmission
power levels is assigned to the subcarrier block sets of radio cells of the cell
cluster, such that

in a single sector of a radio cell, there is a mapping of each of said plurality
of subcarrier block sets of said sector {o a transmission power level, and

there is a mapping of each of said plurality of said corresponding
subcarrier block sets in said sector cluster to one transmission power level.

13. The method according to claim 11 or 12, wherein the mapping is a unique
mapping.

14. A method for balancing the distribution of interference between radio cells in a
wireless communication system, the system comprising a plurality of radio cells
each of them comprising at least two sectors, wherein in each sector a plurality of
subcarrier blocks is used for communication, wherein each subcarrier block
comprises a plurality of subcarriers, and wherein a number of adjacent radio cells
build a cell cluster, the method comprising the steps of:

grouping said subcarrier blocks into N subcarrier block sets in each of the sectors
of each radio cell of said cluster, wherein each sector of a radio cell has N-1
adjacent sectors in the other radio cells of the cell cluster, and wherein a sector of
a radio cell and its adjacent sectors in said other radio cells each comprise
corresponding subcarrier block set having the same subcarriers, N being an
integer number of 2 or more,

determining N transmission power levels for each sector of each radio cell of the
cell cluster,
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assigning the N transmission power levels to the N subcarrier block sets of a
sector of a radio cell and its adjacent sectors of said other radio cells, such that

in a sector, each of the N transmission power levels in the sector of a radio
cell is assigned to one of the N subcarrier block sets of said sector, and

each of the N transmission power levels is assigned to one subcarrier
block set of coresponding sectors.

15. A method for balancing the distribution of interference between radio celis in a
wireless communication system, the system comprising a plurality of radio cells
each of them comprising at least two sectors, wherein in each sector a plurality of
subcarrier blocks is used for communication, wherein each subcarrier block
comprises a plurality of subcarriers, and wherein a number of adjacent radio cells
build a cell cluster, the method comprising the steps of: '

grouping said subcarrier blocks into x:‘N subcarrier block sets in each of the
sectors of each radio cell of said cluster, wherein each sector of a radio cell has
N-1 adjacent sectors in the other radio cells of the cell cluster, and wherein a
sector of a radio cell and its adjacent sectors in said other radio cells each
comprise corresponding subcarrier block set having the same subcarriers, x being
an integer number of 1 or more, and N being an integer number of 2 or more,

determining y-N transmission power levels for each sector of each radio cell of the
cell cluster, y being an integer number of 1 or more,

assigning the y-N transmission power levels to the x'N subcarrier block sets of a
sector of a radio cell and its adjacent sectors of said other radio cells, such that

in a radio cell, each of the y-N transmission power levels in a sector of a
radio cell is assigned to one of the x:N subcarrier block sets of said sector,
and

ylx transmission power levels on average are assigned to one subcarrier
block set of corresponding sectors.

16. The method according to one of claims 1 to 15, wherein the communication
system comprises a plurality of communication terminals communicating with
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base stations associated to said plurality of radio cells, the method further
comprising the steps of:

measuring the path loss of a communication signal of a communication terminal
and the path loss due to interference from adjacent radio celis/sectors for said
communication signal, and

assigning the communication terminal to at least one subcarrier block of a
subcarrier block set in a radio cell/sector based on said measurement.

The method according to claim 16, further comprising the step of determining a
transmission power level for said communication terminal based on said
measurement, and wherein the communication terminal is assigned to at least
one subcarrier block of a block set based on the determined transmission power
level.

The method according to one of claims 1 to 17, wherein the transmission power
levels in different radio cells/sectors vary.

The method according to one of claims 2 to 18, wherein the subcarrier block set
size of corresponding subcarrier block sets is equal.

The method according to one of claims 1 to 19, further comprising the step of
reconfiguring the subcarrier block sets in a radio cell/sector.

The method according to one of claims 1 to 20, further comprising the step of
reconfiguring the transmission power levels in a radio cell/sector.

The method according to claim 20 or 21, wherein the reconfiguration of the power
levels and/or the subcarrier block sets in the radio cell is performed in accordance
with the other radio cells of a cell cluster.

The method according to claim 20 or 21, wherein the reconfiguration of the power
levels and/or the subcarrier block sets in the sector is performed in accordance
with the other sectors of a sector cluster.

The method according to one of claims 20 to 23, wherein the reconfiguration is
based on channel quality measurements.



WO 2005/046275 PCT/EP2004/012563

25.

26.

27.

28.

29.

30.

31.

32

The method according to one of claims 1 to 24, further comprising the step of
signaling information related to a reconfiguration of the subcarrier block sets in a
radio cell/sector from the/its radio cell to at least one adjacent radio cell.

The method according to one of claims 1 to 25, further comprising the step of
signaling information related to channel qualities in a radio cell/sector from thefits
radio cell to at least one adjacent radio cell.

The method according to claim 25 or 26, further comprising the step of signaling
the information to a control unit in the communication system.

The method according to one of claims 16 to 27, further comprising the step of
signaling information related to a subcarrier block assignment and/or a subcarrier
block set assignment to a communication terminal.

A base station in a wireless communication system, the system comprising a
plurality of radio cells in which a plurality of subcarrier blocks is used for
communication, wherein each subcarrier block comprises a plurality of
subcarriers, wherein a number of adjacent radio cells build a cell cluster, the base
station comprising:

processing means for grouping said subcarrier blocks into a plurality of subcarrier
block sets in each radio cell of the cell cluster,

determination means for determining a plurality of transmission power levels for
each of the radio cells of said cell cluster,

assigning means for assigning the plurality transmission power levels to the
subcarrier block sets of radio cells of the cell cluster.

The base station according to claim 29, wherein the radio cells of the cell cluster
each comprise corresponding subcarrier block sets having the same subcarriers.

The base station according to claim 30, wherein said assigning means is adapted
to assign said plurality transmission power levels to the subcarrier block sets of
radio cells of the cell cluster, such that

in a single radio cell, there is a mapping of each of said plurality of
transmission power levels to a subcarrier block set of said single radio cell,
and
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there is a mapping of each of said plurality of transmission power levels to
one of said corresponding subcarrier block sets in the radio cells of said
cell cluster.

32. The base station according to claim 30 or 31, wherein said assigning means is
adapted to assign said plurality transmission power levels to the subcarrier block
sets of radio cells of the cell cluster, such that

in a single radio cell, there is a mapping of each of said plurality of
subcarrier block sets of said single radio cell to a transmission power level,
and

there is a mapping of each of said corresponding subcarrier block sets in
the radio cells of said cell cluster to one of said plurality of transmission
power levels.

33. A base station in a wireless communication system, the system comprising a
plurality of radio cells in which a plurality of subcarrier blocks is used for
communication, wherein each subcarrier block comprises a plurality of
subcarriers, wherein N adjacent radio cells build a cell cluster, N being an integer
number of 2 or more, the base station comprising:

processing means for grouping said subcarrier blocks into N subcarrier block sets
in each radio cell of the cell cluster, wherein the radio cells of the cell cluster each
comprise corresponding subcarrier block sets having the same subcarriers,

determining means for determining N transmission power levels for each of the
radio cells of said cell cluster,

assigning means for assigning N transmission power levels to the N subcarrier
block sets of radio celis of the cell cluster, such that

each of the N transmission power levels in a radio cell is assigned to one
of the N subcarrier block sets of said radio cell, and

each of the N transmission power levels is assigned to one subcarrier
block set of corresponding subcarrier block sets.

34. A base station in a wireless communication system, the system comprising a
plurality of radio cells in which a plurality of subcarrier blocks is used for
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communication, wherein each subcarrier block comprises a plurality of
subcarriers, wherein N adjacent radio cells build a cell cluster, N being an integer
number of 2 or more, the base station comprising:

processing means for grouping said subcarrier blocks into x-N subcarrier block
sets in each radio cell of the cell cluster, wherein the radio cells of the cell cluster
each comprise corresponding subcarrier block sets having the same subcarriers,
x being an integer number of 1 or more,

determination means for determining y-N transmission power levels for each of
the radio cells of said cell cluster, y being an integer number of 1 or more,

assigning means for assigning y-N transmission power levels to the x-N subcarrier
block sets of radio cells of the cell cluster, such that

each of the y:N transmission power levels in a radio cell is assigned to one
of the x-N subcarrier block sets of said radio cell, and

y/x transmission power levels on average are assigned to one subcarrier
block set of corresponding subcarrier block sets.

A base station in a wireless communication system, the system comprising a
plurality of radio cells each of them comprising at least two sectors, wherein in
each sector a plurality of subcarrier blocks is used for communication, wherein
each subcarrier block comprises a plurality of subcarriers, wherein a number of
adjacent radio cells build a cell cluster, the base station comprising:

processing means for grouping said subcarrier blocks into a plurality of subcarrier
block sets in each of the sectors of each radio cell of said cluster,

determination means for determining a plurality of transmission power levels for
each sector of each radio cell of the cell cluster,

assigning means for assigning the plurality of transmission power levels to the
plurality of subcarrier block sets of a sector of a radio cell and its adjacent sectors
of said other radio cells.

The base station according to claim 35, wherein each sector of a radio cell has
adjacent sectors in the other radio cells of the cell cluster, and wherein a sector of
a radio cell and its adjacent sectors in said other radio cells build a sector cluster
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and each comprise corresponding subcarrier block set having the same
subcarriers.

The base station according to claim 36, wherein said assigning means is adapted
to assign said plurality transmission power levels to the subcarrier block sets of
radio cells of the cell cluster, such that

in a single sector of a radio cell, there is a mapping of each of said plurality
of transmission power levels to a subcarrier block set of said sector, and

there is a mapping of each of said plurality of transmission power levels to
one of said corresponding subcarrier block sets in said sector cluster.

The base station according to claim 36 or 37, wherein said assigning means is
adapted to assign said plurality transmission power levels to the subcarrier block
sets of radio cells of the cell cluster, such that

in a single sector of a radio cell, there is a mapping of each of said plurality
of subcarrier block sets of said sector to a transmission power level, and

there is a mapping of each of said plurality of said corresponding
subcarrier block sets in said sector cluster to one transmission power level.

A base station in a wireless communication system, the system comprising a
plurality of radio cells each of them comprising at least two sectors, wherein in
each sector a plurality of subcarrier blocks is used for communication, wherein
each subcarrier block comprises a plurality of subcarriers, and wherein a number
adjacent radio cells builds a cell cluster, the base station comprising:

processing means for grouping said subcarrier blocks into N subcarrier block sets
in each of the sectors of each radio cell of said cluster, wherein each sector of a
radio cell has N-1 adjacent sectors in the other radio cells of the cell cluster, and
wherein a sector of a radio cell and its adjacent sectors in said other radio cells
each comprise corresponding subcarrier block set having the same subcarriers, N
being an integer number of 2 or more,

determination means for determining N transmission power levels for each sector
of each radio cell of the cell cluster,
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assigning means for assigning the N transmission power levels to the N
subcarrier block sets of a sector of a radio cell and its adjacent sectors of said
other radio cells, such that

in a sector, each of the N transmission power levels in the sector of a radio
cell is assigned to one of the N subcarrier block sets of said sector, and

each of the N transmission power levels is assigned to one subcarrier
block set of corresponding sectors.

A base station in a wireless communication system, the system comprising a
plurality of radio cells each of them comprising at least two sectors, wherein in
each sector a plurality of subcarrier blocks is used for communication, wherein
each subcarrier block comprises a plurality of subcarriers, and wherein a number
adjacent radio celis builds a cell cluster, the base station comprising:

processing means for grouping said subcarrier blocks into x-N subcarrier block
sets in each of the sectors of each radio cell of said cluster, wherein each sector
of a radio cell has N-1 adjacent sectors in the other radio cells of the cell cluster,
and wherein a sector of a radio cell and its adjacent sectors in said other radio
cells each comprise corresponding subcarrier block set having the same
subcarriers, x being an integer number of 1 or more, an N being an integer
number of 2 or more

determination means for determining y'N transmission power levels for each
sector of each radio cell of the cell cluster, y being an integer number of 1 or
more,

assigning means for assigning the y:N transmission power levels to the x'N
subcarrier block sets of a sector of a radio cell and its adjacent sectors of said
other radio cells, such that

in a sector, each of the y-N transmission power levels in a sector of a radio
cell is assigned to one of the x-N subcarrier block sets of said sector, and

y/x transmission power levels on average are assigned to one subcarrier
block set of corresponding sectors.
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The base station according to one of claims 29 to 39, wherein the base station is
adapted to perform of the method according to one of claims 16 to 28.

The base station according to one of claims 29 to 40, further comprising:

measuring means for measuring the path loss of a communication signal of a
communication terminal and the path loss due to interference for said
communication signal, and

assigning means to assign the communication terminal to at least one subcarrier
block of one of said subcarrier block sets based on said measurement.

A communication terminal in a wireless communication system comprising
receiving means for receiving information indicating a subcarrier block assignment
and/or a subcarrier block set assignment, and

selection means for selecting the signaled assigned subcarrier block and/or
signaled assigned subcarrier block set for data transmission.

A radio communication system comprising a base station according to one of
claims 29 to 42 and at least one communication terminal according to claim 43.
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