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Description

Field of the Invention

[0001] 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. Furthermore, the present invention relates to base stations performing the above
method.

Background Art

[0002] 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.
[0003] 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.
[0004] 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.
[0005] 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.
[0006] 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, 1996.
[0007] 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 FDMA, 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 (3rd Generation Partnership Project) standard is such a CDMA system employing DCA.
[0008] 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.
[0009] 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).
[0010] Typically, DCA is combined with link adaptation techniques such as Adaptive Modulation and Coding (AMC)
and hybrid Automatic Repeat reQuest (ARQ).
[0011] 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.

Properties of non-power controlled systems

[0012] 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 all involved BS-MS links.
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[0013] Considering a DCA OFDMA multi-cell scenario and a frequency re-use factor of 1, the system is typically
interference limited. I.e. the channel quality per subcarrier block is primarily defined by the signal (S) to interference (I)
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): 

[0014] In case of an OFDMA system with DCA and frequency selective fading, the instantaneous SIR(t) for a given
link to a mobile station m varies over the subcarrier blocks b, since both the signal and the interference experience fading: 

[0015] 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.

[0016] The number of interferers in the denominator depends on the actual usage (allocation) of the subcarrier block
in the adjacent cells. I.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).

[0017] Further, there exists the so-called chicken-and-egg allocation problem: In cell A, the subcarrier block allocation
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/calculation in cell B needs to be performed, which requires the knowledge
of the subcarrier block allocation in cell A.
[0018] In case the chicken-and-egg problem may be avoided/solved by e.g. an iterative process, signaling of e.g. the
allocation status between base stations would be required. However, since the scheduling frames are in the millisecond
region, the signaling would introduce additional significant delay.
[0019] 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.

[0020] 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
Compared to power controlled systems, for non-power controlled 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.
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[0021] Compared to power controlled systems, for 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 trans-
mission delay and feedback signaling, as well as decreasing the bandwidth efficiency.
[0022] 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

[0023] 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.
[0024] 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 slow 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.
[0025] 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.
[0026] With slow/fast PC the instantaneous SIR estimation/measurement/calculation problem as outlined in the pre-
vious 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. I.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.
[0027] WO 00/67394 A1 discloses a cell structure and associated method of cell and frequency planning are presented
which reduce co-channel interference between nearby co-channel cell sites. The cell and frequency planning method
involves the definition of a number of frequency channel sub-groups within each existing cell. Each frequency channel
sub-group includes a number of frequency channels being broadcast at particular power levels ranging from low power
to high power. During a mobile station call, the lowest, yet sufficient power level is used for the call. The cell sites are
configured such that the frequency channel sub-groups being broadcast at the higher broadcast powers are transmitted
at lower broadcast powers in nearby co-channel cell sites.
[0028] US 5 708 969 A relates to a method of reducing interference within a cellular system by partitioning a designated
frequency spectrum within a service coverage area into a first and at least second spectrum inclusive of the designated
frequency spectrum and each with an associated power level. Assignment of communication units to a spectrum and
power level are based upon distance from the base site (as determined through signal strength measurements). The
spectral content of spectra in adjacent service coverage areas is adjusted to include non-coincidental frequencies.

Summary of the Invention

[0029] One object of the present invention is to reduce the large intercell interference fluctuations caused by power
control schemes.
[0030] The object is solved by the subject matter of the independent claims.
[0031] In more detail, a method is provided 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.
[0032] 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 ranges may be determined for each of the
radio cells of the cell cluster, wherein a transmission power range defines a range of transmission power levels used
for transmission power control, and the plurality of transmission power ranges may be assigned to the subcarrier block
sets of radio cells of the cell cluster. It is noted that according to this example, the number of transmission power ranges
and subcarrier block sets are independent of one another, i.e. same do not necessarily have to be of same number.
According to a further example, the radio cells of the cell cluster may each comprise corresponding subcarrier block
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sets having the same subcarriers.
[0033] More specifically, a transmission power range as mentioned above may define a range of transmission power
levels used to power control of a communication channel (subcarrier block) to a mobile communication terminal, i.e.
when choosing a subcarrier block for communication, only a predetermined transmission power level range of the
subcarrier block set to which the respective subcarrier block belongs to may be used for power control.
[0034] The plurality transmission power ranges 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 ranges to a
subcarrier block set of the single radio cell, and there is a mapping of each of the plurality of transmission power ranges
to one of the corresponding subcarrier block sets in the radio cells of the cell cluster. This rule for the distribution of
power ranges may be especially applicable in situations in which the number of available transmission power ranges is
chosen to be large or equal to the number of subcarrier block sets.
[0035] Further, the plurality transmission power ranges 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 range, 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 ranges. In contrast to the distribution
rule exemplary mentioned above, this rule for the distribution of power ranges 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 ranges.
[0036] According to another example, the mapping used in the two above mentioned assignment rules is a unique or
one-to-one mapping. This means that e.g. when mapping the transmission power ranges to subcarrier block sets, each
of the transmission power ranges is mapped to a corresponding single subcarrier block set. If the subcarrier block sets
are mapped to the transmission power ranges, each subcarrier block set is mapped to a corresponding single transmission
power range.
[0037] To simplify the distribution of transmission power ranges and subcarrier block sets, their number may be
determined based on the number of radio cells forming a cell cluster.
[0038] Hence, in a further example, a method is provided 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.
[0039] According to this example, the subcarrier blocks may be grouped 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. Hence, the number of subcarrier block sets corresponds to the number of radio cells in a cluster
in this example. Further, N transmission power ranges may be determined for each of the radio cells of the cell cluster,
wherein a transmission power range defines a range of transmission power levels used for transmission power control,
and the N transmission power ranges may be assigned to the N subcarrier block sets of radio cells of the cell cluster,
such that each of the N transmission power ranges 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 ranges is assigned to one subcarrier block set of corresponding
subcarrier block sets.
[0040] When choosing the number of cells in a cell cluster, the number of subcarrier block sets and the number of
transmission power ranges as proposed in this example the general distribution rules as defined above may be signifi-
cantly simplified.
[0041] Another example relates to a system in which the number of transmission power ranges and subcarrier block
sets are each integer multiples of the number of radio cells in a cell cluster. This example 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.
[0042] 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 ranges may be
determined for each of the radio cells of the cell cluster, wherein a transmission power range defines a range of trans-
mission power levels used for transmission power control, and wherein y is an integer number of 1 ore more.
[0043] Next, the y·N transmission power ranges 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 ranges in a radio cell is assigned to one of the x·N subcarrier
block sets of the radio cell, and y/x transmission power ranges on average are assigned to one subcarrier block set of
corresponding subcarrier block sets.
[0044] It is noted that the ratio y/x may also result in an non-integer number depending on the choice of the parameters
x and y. Obviously, it is not possible to assign half of a transmission power range to a subcarrier block set. However, it
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is possible to distribute an integer number of power ranges to subcarrier block sets in that different quantities of power
ranges are assigned to each of the subcarrier block sets such that on average the ratio of y/x power ranges is assigned.
[0045] It is further noted that the different examples of the method for balancing the interference in a wireless com-
munication system outlined above should not be understood as restricting the power ranges in the different cells of a
cell cluster to identical power ranges. The individual power ranges 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 e.g. the respective channel conditions
and/or cell-sizes in the different cells.
[0046] In all examples 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 examples above may
further comprise the assignment of the communication terminal to at least one subcarrier block of one of the subcarrier
block sets based on the measurement.
[0047] A transmission power range 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 range.
[0048] 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.
[0049] In an alternative example 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 range may
be determined based on the assigned block set.
[0050] The transmission power range of the assigned subcarrier block set may be chosen based on 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 transmission power range
comprising low transmission power levels 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 an accordingly transmission power range comprising large transmission power
levels may be required for a communication between the communication terminal and the base station.
[0051] Further, it should be noted the channel quality fluctuations may be countered by changing the transmission
power level within the allowed power range for the respective subcarrier block set, by changing the transmit power range
(i.e. changing the subcarrier block set), or by performing link adaptation by changing the modulation and coding scheme.
[0052] It is of further advantage, if the transmission power ranges 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.
[0053] Further, the transmission power ranges in a radio cell may vary between the radio cells. As explained above,
this allows individual control of the transmission power ranges in each of the cells to adapt same to changing channel
quality conditions in the respective cell.
[0054] 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 ranges in a radio cell may be reconfigured.
[0055] The reconfiguration of the power ranges 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 measure-
ments in the radio cell and/or the other radio cells of its cell cluster.
[0056] Further, information related to a reconfiguration of the subcarrier 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 control unit (e.g. radio network controller)
to the radio cells forming a cell cluster.
[0057] According to a further example 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 ranges or subcarrier block sets in
the respective radio cell.
[0058] 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 example, a method is
therefore provided 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. Each subcarrier block may comprise a plurality of subcarriers,
and a number of adjacent radio cells build a cell cluster.
[0059] 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 ranges may be determined for each sector of each radio cell
of the cell cluster, wherein a transmission power range defines a range of transmission power levels used for transmission
power control. Next, the plurality of transmission power ranges 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. In another example, each sector of a radio cell
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may have adjacent sectors in the other radio cells of the cell cluster. Further, a sector of a radio cell and its adjacent
sectors belonging to other radio cells may build a sector cluster and each may comprise corresponding subcarrier block
set having the same subcarriers.
[0060] The plurality of transmission power ranges 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
ranges to a subcarrier block set of the sector, and there is a mapping of each of the plurality of transmission power
ranges to one of the corresponding subcarrier block sets in the sector cluster.
[0061] Alternatively, the plurality of transmission power ranges 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 range, and there is a mapping of each of the plurality of the corresponding
subcarrier block sets in the sector cluster to one transmission power range.
[0062] As outlined above, the mapping may be a unique or one-to-one mapping.
[0063] To simplify the distribution of transmission power ranges 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 example, a method is provided
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.
[0064] 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 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 the other radio cells each comprise corresponding subcarrier
block set having the same subcarriers and wherein N may be an integer number of 2 or more. Further, N transmission
power ranges may be determined for each sector of each radio cell of the cell cluster, wherein a transmission power
range defines a range of transmission power levels used for transmission power control. The N transmission power
ranges 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 ranges in a 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 ranges is assigned to one subcarrier
block set of corresponding sectors.
[0065] Another example relates to a system in which the number of transmission power ranges 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.
[0066] In this example 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 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 the other radio cells each comprise corre-
sponding subcarrier block set having the same subcarriers. x may be an integer number of 1 ore more and N may be
an integer number of 2 or more.
[0067] Further, y·N transmission power ranges may be determined for each sector of each radio cell of the cell cluster,
wherein y may be an integer number of 1 ore more.
[0068] The y·N transmission power ranges 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 sector, each of the y·N transmission power ranges in a
sector of a radio cell is assigned to one of the x·N subcarrier block sets of the sector, and y/x transmission power ranges
on average are assigned to one subcarrier block set of corresponding sectors.
[0069] 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 a subcarrier block of a subcarrier block set
in a sector based on the measurement.
[0070] In a further step a transmission power range 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 range.
[0071] According to another example 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 range
may be determined based on the assigned block set.
[0072] The transmission power ranges in different sectors may vary as well as the transmission power ranges in
sectors of a radio cell.



EP 2 259 614 B1

8

5

10

15

20

25

30

35

40

45

50

55

[0073] Independent of the use of single or multi-beam antennas, the subcarrier block set size in corresponding sub-
carrier block sets may be equal, i.e. each of the subcarrier block sets comprises the same number of subcarrier blocks
and/or subcarriers.
[0074] Further, the subcarrier block sets may be reconfigured in a sector of radio cell. Same applies to the transmission
power ranges of a sector as well.
[0075] The reconfiguration of the power ranges 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.
[0076] 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.
[0077] 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 control unit may be a radio network controller (RNC) or, in the evolved architecture an functional enhanced Node B,
the Node B+.
[0078] 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.
[0079] The communication terminal may further comprise receiving means for receiving information indicating a sub-
carrier 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.
[0080] All the different examples 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 examples of method as outlined above.
[0081] Further, a communication terminal is provided which is adapted for its operation in the above described com-
munication systems. In the communication terminal a power control means may be adapted to perform power control
in a transmission power control range in an interval defined by a transmission power level of 0 and a maximum transmission
power level.
[0082] Also, a radio communication system is provided comprising a base station adapted to carry out the method
according to the different examples and at least one communication terminal and the communication terminal described
above.

Brief Description of the Drawings

[0083] 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(a) shows a transmission power distribution for subcarrier blocks according to the prior-art,
Fig. 1(b) shows three examples for a transmission power distribution for subcarrier blocks according to an embodiment

of the present invention,
Fig. 2 shows a transmission power distribution for subcarrier blocks in adjacent cells on a frame-by-frame basis

according to the prior-art,
Fig. 3 shows a transmission power distribution for subcarrier blocks in adjacent cells on a frame-by-frame basis

according to an embodiment of the present invention,
Fig. 4 shows an example for a subcarrier block set power range distribution for subcarrier blocks in adjacent cells

according to an embodiment of the present invention,
Fig. 5 shows three examples for a multi-cell power range subcarrier block set configuration with equally sized

subcarrier block sets according to an embodiment of the present invention,
Fig. 6 shows an example for a subcarrier block set power range allocation pattern in adjacent radio cells each

divided in a plurality of sectors according to an embodiment of the present invention, and
Fig. 7 shows another example for a subcarrier block set power range allocation pattern in adjacent radio cells

each divided in a plurality of sectors according to an embodiment of the present invention.

Detailed Description

[0084] In the following the present invention will be described 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.
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[0085] According to an embodiment of the present invention the OFDM subcarrier blocks may be divided into N
subcarrier block-sets (SBS). Fig. 1 (a) shows the distribution of transmission power for subcarrier blocks according to
a prior art system. Fig. 1 (b) shows three examples for the distribution of power limits (or ranges) with different SBS
definitions according to different embodiments of the present invention. The assignment of the power limits may be
performed in accordance with the SBS power limits in adjacent cells in order to control the SIR levels depending on the
SBS as e.g. shown in Fig. 5.
[0086] Compared to prior art, this power-limit definition has the advantage that the intercell-interference variations on
subcarrier block basis are reduced, since the caused interference from a given adjacent cell cannot exceed a specific
upper limit due to the SBS upper transmit power limit.
[0087] In prior art the transmit power per subcarrier block may have any value between zero and a defined maximum
with the constraint that the total transmit power must not exceed the maximum allowed transmit power. Fig. 1(a) shows
such a subcarrier-block power allocation for a power controlled system.
[0088] According to an embodiment of the present invention the subcarrier blocks may be divided into subcarrier block
sets (SBS), wherein an upper limit (and possibly a lower limit) for the subcarrier block transmit power may be defined.
Fig. 1 (b) shows three examples of SBS definitions, wherein in the leftmost example a SBS is build from adjacent
subcarrier blocks. Alternatively, a predetermined number of consecutive subcarrier blocks may be grouped into a sub-
carrier block set, which is assigned to a transmission power limit. The example shown in the middle associates subcarrier
blocks spaced by a fixed interval to a subcarrier block set, while in the rightmost example in Fig. 1 (b) a free distribution
of subcarrier blocks into subcarrier block sets is shown. Further, it should be noted that the different subcarrier block
sets of a radio cell do not necessarily comprise an equal number of subcarrier blocks as shown in the three examples.
[0089] The definition of different transmission power ranges or limits may provide the possibility to map mobile stations
in low geometry to subcarrier blocks belonging to a SBS with a transmit power control range having large power levels,
to map mobile stations in medium geometry to subcarrier blocks belonging to a SBS with a transmit power control range
having medium power levels and to map mobile stations in high geometry to subcarrier blocks belonging to a SBS with
a transmit power control range having low power levels. It is noted again, that only exemplary three transmission power
ranges are used in this embodiment.
[0090] With respect to DCA and PC, different methodologies for the subcarrier assignment may be possible. PC for
a given MS may be considered first and then a subcarrier block from a SBS for which the limits are not exceeded by the
subcarrier block transmit power may be assigned. Alternatively, a subcarrier block and may be assigned to the MS and
then the transmit power according to the allowed limits is assigned (i.e. perform the PC within the given limits).
[0091] One of the benefits of the present invention is that the created intercell interference for a given subcarrier block
is upper bounded by the maximum transmit power allowed for the subcarrier block by the SBS power limit definition.
This way the SIR variation may be reduced and a worst case SIR may be estimated in adjacent cells. Since in prior art
any transmit power (within overall power limits) is allowed for any subcarrier, the created intercell interference varies
over a large range. The SIR variation (from frame-to-frame) may be even more reduced, if also a lower power limit is
defined for the subcarrier blocks.
[0092] Fig. 2 and Fig. 3 show an example of subcarrier block transmit power assignments of the adjacent radio cells
to cell 1 (BS1) (see Fig. 4) for a prior art system and for a system according to an embodiment of the present invention.
Assuming, a MS is e.g. located within radio cell 1 close to radio cell 2 and radio cell 3 (MS position in the upper right of
cell 1), radio cell 2 and radio cell 3 cause the main interference.
[0093] Fig. 2 indicates that the transmit power per subcarrier block in a prior art system. As apparent therefrom the
intercell interference may vary significantly from frame-to-frame, since the interference caused by radio cell 2 and radio
cell 3 on a given subcarrier can vary depending on the transmitted power, which can be between zero and a maximum
transmit power. Since the frame-by-frame fluctuations in interference may not be known in radio cell 1, the SIR per
subcarrier block may change within this large range. Hence, the DCA and AMC selection performance may be reduced
significantly due to this "unknown" variation in the SIR per subcarrier block.
[0094] Considering the method proposed by the present invention, Fig. 3 shows that the transmit power per subcarrier
block may only fluctuate within specified limits i.e. within a predefined range of transmission power control levels when
performing power control for a subcarrier block. This may allow improving the accuracy of SIR estimation/prediction
which may result in an improved DCA and AMC selection performance. Moreover the definition of power ranges may
be performed such that e.g. a mobile station in low geometry (i.e. close to the cell boundary) will be assigned to one or
multiple subcarrier block(s) belonging to a subcarrier block set having a power range of high transmit power levels. The
opposite would be applies for mobile stations in high geometry.
[0095] Additionally to the division of subcarrier blocks into subcarrier block sets, the power limit definitions in adjacent
radio cells may be aligned. Taking as an example the division of subcarrier blocks into subcarrier block sets as shown
in Fig. 4, i.e. three subcarrier block set per radio cell, the transmission power ranges in which power control is performed
may be defined according to the table below.
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[0096] Considering radio cells 1 to 3 as a cell cluster of strong interfering cells (see Fig. 5), the power limits may be
coordinated such that across the considered radio cells of the cluster for each subcarrier block set a high, a medium
and a low upper power limit is defined once. Regarding the intercell interference this may have the following effects: A
subcarrier block belong to a SBS with a high power limit is interfered by subcarrier blocks with medium and low power
limit, a subcarrier block belong to a SBS with a medium power limit is interfered by subcarrier blocks with high and low
power limit, and a subcarrier block belong to a SBS with a low power limit is interfered by subcarrier blocks with high
and medium power limit.
[0097] Though the examples shown in Fig. 3 and also the distribution rule as defined in the table above refer to three
subcarrier block sets per radio cell and three transmission power ranges, the present invention is generally applicable
to any number of transmission power ranges and subcarrier block sets in a radio cell. As becomes obvious from the
examples given above, certain constellation in the choice of the number of transmission power ranges and the number
of subcarrier block sets may facilitate a simple assignment rule of transmission power levels to subcarrier block sets (or
vice-versa).
[0098] The following matrix shows an example for the generalization of the "assignment rule" stated above, wherein
PRn

x refers to a transmission power range in radio cell n having an transmission power range index x, identifying the X
available different transmission power ranges per radio cell:

[0099] In the table above, the power ranges PRn
x of an power range index x may vary between different radio cells

or may represent the same power range. Important to note is that in the given example the index x=1 refers to the power
range PRn

x in radio cell n having the lowest transmission power levels available for power control, while x=X refers to
the power range PRn

x in radio cell n having the largest transmission power levels available for power control. Moreover,
PRn

x ≤ PRn
x-1 is valid for all x. The distribution of the power ranges among different cells may be achieved by a permutation

of the index x indicating the strengths of power levels i.e. the transmission power level range of a signal emitted by a
base station of radio cell n. As can be further seen in the table, each of the power range indices x ∈ {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 ranges X. Also the number of radio cells in a cluster N is the same as the
number of subcarrier block sets M or transmission power ranges X respectively. Note, that a possible embodiment allows
PRn

x = PRn
x-1, which essentially means that in the respective cell SBSm and SBSm+1 can have an identical transmit

power range. Naturally, this may only be valid for selected subcarrier block sets. This embodiment may be considered
similar to the case when having less power ranges than subcarrier block sets for a given cell and a single power range
is used for multiple subcarrier block sets.
[0100] In case M>X, more than one subcarrier block set may be assigned to a single transmission power range. 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

Cell SBS1 Power Ranges SBS2 Power Ranges SBS3 Power Ranges

Power Limits high > 
medium > low

Upper Limit
Lower 
Limit

Upper Limit
Lower 
Limit

Upper Limit
Lower 
Limit

Cell 1 (BS1) PMAX SBS1 > 
PMAX SBS2 > PMAX

SBS3

PMAX
SBS1 

(high)
PMAX

SBS2
PMAX

SBS2 
(medium)

PMAX
SBS3

PMAX SBS3 
(low)

0

Cell 2 (BS2) PMAX
SBS2 > 

PMAX
SBS3 > PMAX SBS1

PMAX SBS1 
(low)

0
PMAX SBS2 

(high)
PMAX

SBS3
PMAX

SBS3 
(medium)

PMAX 

SBS1

Cell 3 (BS3) PMAX
SBS3> 

PMAX
SBS1> PMAX SBS2

PMAX
SBS1 

(medium)
PMAX

SBS2 
SBS2

PMAX
SBS2 

(low)
0

PMAX SBS3 
(high)

PMAX 

SBS1

SBS1 SBS2 SBS3 ... SBSM-1 SBSM

radio cell 1 PR1
1 PR1

2 PR1
3 ... PR1

X-1 PR1
X

radio cell 2 PR2
X PR2

1 PR2
2 ... PR2

X-2 P PR2
X-1

radio cell 3 PR3
X-1 PR3

X PR3
1 ... PP3

X-3 PR3
X-2

... ... ... ... ... ...

radio cell N-1 PRN-1
3 PRN-1

4 PRN-1
5 ... PRN-1

1 PRN-1
2

radio cell N PRN
2 PRN

3 PRN
4 ... PRN

X PRN
1
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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 range indices x once.
[0101] When choosing the number of transmission power ranges 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 ranges per radio cell are also equal, a simple mapping scheme as outlined above
may be used.
[0102] Fig. 4 further shows that the subcarrier block set alignment according to this method may be extended to a
multicell scenario while keeping the denoted interference properties.
[0103] The proposed subcarrier block set multicell alignment may have the following effects/benefits. The SIR for MS
in low geometries may be reduced, since they are preferably assigned to subcarrier blocks belonging to subcarrier block
sets with high transmit power i.e. having an associated transmission power range comprising large transmit powers,
which experience less interference e.g. by medium and low power subcarrier blocks. The SIR for MS in high geometries
may be increased, since they are preferably assigned to subcarrier block belonging to SBS with low transmit power,
which experience increased interference e.g. by high and low medium subcarrier blocks. Employing the principles of
the present invention as outlined, the required dynamic range for the transmit power control may be decreased.
[0104] According to a further embodiment of the present invention, the lower power limits (PMIN) are equal to the upper
limits (PMAX) of the "next stronger" subcarrier block set, i.e. for PMAX

SBS 1 ≥ PMAX
SBS 2 ≥ PMAX

SBS 3 ≥ ... then PMIN
SBS 1

= PMAX
SBS 2, PMIN

SBS 2 = PMAX
SBS 3 ... a.s.o.

[0105] According to a further embodiment of the present invention, the lower power limits (PMIN) are smaller (e.g. by
a defined offset) than the upper limits (PMAX) of the next subcarrier block set, i.e. for PMAX

SBS 1 ≥ PMAX
SBS 2 ≥ PMAX

SBS 3
≥ ... a.s.o. then PMIN

SBS 1 < PMAX
SBS 2, PMIN

SBS 2 < PMAX
SBS 3 ... a.s.o.

[0106] According to another embodiment, a MS in low geometry may be assigned to high power subcarrier block sets
and vice versa. I.e. a communication terminal is assigned a radio channel (one or multiple subcarrier block(s) of a
subcarrier block set) based on its geometry. It should be noted that in a real (non-ideal hexagonal) deployment and
environment the term geometry does not necessarily solely depend on the MS - BS distance (MS distance to the cell
center), but it refers more to the signal path loss. I.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).
[0107] A subcarrier block as used in the previous sections may comprise M subcarriers, where M may also be 1. I.e.
in case of M=1 the system would be "reduced" to a FDM system.
[0108] A subcarrier block-set (SBS) can contain S subcarrier blocks, where S can vary depending on the defined SBS,
however preferably the same subcarrier blocks should be used for respective SBSs in adjacent cells
[0109] A subcarrier block-set (SBS) may contain S subcarrier blocks, where S can vary depending on the defined
SBS. However, according to another embodiment of the present invention, 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.
[0110] Further, the SBS power limits may vary depending on the radio cell. For x defined SBSs, up to x-1 SBSs may
have the same power limit. The power limits may be reconfigured for each cell individually or in accordance with adjacent
radio cells.
[0111] Another aspect of the present invention is related to the signaling related to the (re)configuration of subcarrier
block sets in the radio cells and the transmission power ranges or limits. 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.
[0112] 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 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.
[0113] 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.
[0114] 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 basically define an "active" subcarrier block set for the respective
mobile station.
[0115] 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
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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.
[0116] 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, sectorized radio cell may be used. An example for a hexagonal radio
cell layout with 3 sectors per cell is shown in Fig. 6 and 7. It may be assumed that the antenna patterns of the sectors
within a radio cell 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. 6, for
sector 2 of radio cell 1 (BS1) there exist two adjacent sectors in adjacent radio cells, namely sector 2 in radio cell 3 (BS3)
and sector 3 in radio cell 2 (BS2). These three adjacent sectors in the different radio cells may also be considered as a
sector cluster.
[0117] In each of the sectors shown in a single radio cell, the same subcarrier blocks (i.e. subcarriers) may be simul-
taneously used. For balancing the interference the methods as proposed above for the use of single beam antennas
may be employed. The method 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.
[0118] When comparing Fig. 6 to Fig. 4, it is noted that the same choice of the number of transmission power ranges
and subcarrier block sets and a similar mapping between power ranges and subcarrier block sets may be employed.
As illustrated in Fig. 6, the same power range-subcarrier block set combinations may be used within the sectors of a
radio cell. Hence, the "pattern" of coordinated power range-subcarrier block set combinations among sectors belonging
to a sector cluster may correspond to same known from Fig. 4 for coordinated power range-subcarrier block set com-
binations for a radio cell cluster. However, in case of employing sectorized radio cells, the power ranges chosen in the
sectors of a single radio cell may differ from each other.
[0119] Further, the transmission power ranges 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. Depending
on the network architecture this may be performed directly or via control unit in the communication system, e.g. an Radio
Network Controller (RNC).
[0120] Another example for a possible power range-subcarrier block set combination is illustrated in Fig. 7. In this
embodiment of the present invention, the sectors of a single radio cell do not use the same power range-subcarrier block
set combination, as in the example of Fig. 6. The resulting "pattern" of coordinated power range-subcarrier block set
combinations considered on a sector basis is similar to the one shown in Fig. 4. This means that a sector in Fig. 7
corresponds to a radio cell in Fig. 4 to abstain from the fact that more than one sector is controlled by a base station of
a radio cell.
[0121] The proposed method can also be applied to MC-CDMA systems. Here, the transmit power limits for a given
SBS should 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.
[0122] 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.

Claims

1. A base station for a wireless communication system, the system comprising radio cells, wherein in each radio cell
a plurality of subcarrier blocks are used for communication, each subcarrier block comprising a plurality of subcarriers,
the base station comprising: processing means for grouping the subcarrier blocks of a radio cell associated to the
base station into a plurality of subcarrier block sets, SBS, wherein the radio cell and its adjacent radio cells in the
wireless communication system build a cell cluster, and each cell in the cell cluster comprises corresponding sub-
carrier block sets using the same subcarrier blocks, and
assigning means for assigning transmission power ranges to the plurality of subcarrier block sets, respectively,
wherein a transmission power range defines a range of transmission power levels used for transmission power
control for subcarrier blocks, wherein said assigning means is adapted to assign said plurality transmission power
ranges 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 ranges to a subcarrier
block set of said single radio cell, and
there is a mapping of each of said plurality of transmission power ranges to one of said corresponding subcarrier
block sets in the radio cells of said cell cluster.

2. A base station for a wireless communication system, the system comprising radio cells, wherein each radio cell
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comprises at least two sectors, in each sector a plurality of subcarrier blocks are used for communication, and each
subcarrier block comprising a plurality of subcarriers, the base station comprising:

processing means for grouping the subcarrier blocks of a sector of a radio cell associated to the base station
into a plurality of subcarrier block sets, SBS, wherein the sector of the radio cell and its adjacent sectors in other
radio cells in the wireless communication system build a sector cluster, and each sector in the sector cluster
comprises corresponding subcarrier block sets using the same subcarrier blocks, and assigning means for
assigning transmission power ranges to the plurality of subcarrier block sets, respectively, wherein a transmission
power range defines a range of transmission power levels used for transmission power control for subcarrier
blocks, wherein said assigning means is adapted to assign said plurality transmission power ranges 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 ranges
to a subcarrier block set of said sector, and
there is a mapping of each of said plurality of transmission power ranges to one of said corresponding
subcarrier block sets in said sector cluster.

3. A method for assigning transmission power ranges for a base station for a wireless communication system, the
system comprising radio cells, wherein in each radio cell a plurality of subcarrier blocks are used for communication,
each subcarrier block comprising a plurality of subcarriers, the method comprising the steps of:

grouping the subcarrier blocks of a radio cell into a plurality of subcarrier block sets, SBS, wherein the radio
cell and its adjacent radio cells in the wireless communication system build a cell cluster, and each cell in the
cell cluster comprises corresponding subcarrier block sets using the same subcarrier blocks, and
assigning transmission power ranges to the plurality of subcarrier block sets, respectively, wherein a transmission
power range defines a range of transmission power levels used for transmission power control,
wherein said plurality transmission power ranges 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 ranges to a subcarrier
block set of said single radio cell, and
there is a mapping of each of said plurality of transmission power ranges to one of said corresponding
subcarrier block sets in the radio cells of said cell cluster.

4. A method for assigning transmission power ranges for a base station for a wireless communication system, the
system comprising radio cells, wherein each radio cell comprises at least two sectors, in each sector a plurality of
subcarrier blocks are used for communication, and each subcarrier block comprising a plurality of subcarriers, the
method comprising the steps of:

grouping the subcarrier blocks of a sector of a radio cell into a plurality of subcarrier block sets, SBS, wherein
the sector of the radio cell and its adjacent sectors in other radio cells in the wireless communication system
build a sector cluster, and each sector in the sector cluster comprises corresponding subcarrier block sets using
the same subcarrier blocks, and
assigning transmission power ranges to the plurality of subcarrier block sets, respectively, wherein a transmission
power range defines a range of transmission power levels used for transmission power control,
wherein said plurality of transmission power ranges 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 ranges
to a subcarrier block set of said sector, and
there is a mapping of each of said plurality of transmission power ranges to one of said corresponding
subcarrier block sets in said sector cluster.

Patentansprüche

1. Basisstation für ein drahtloses Kommunikationssystem, wobei das System Funkzellen umfasst,
wobei in jeder Funkzelle eine Vielzahl von Hilfsträgerblöcken für die Kommunikation verwendet wird, wobei jeder
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Hilfsträgerblock eine Vielzahl von Hilfsträgern umfasst, wobei die Basisstation umfasst:

eine Verarbeitungseinrichtung zum Gruppieren der Hilfsträgerblöcke einer Funkzelle, die der Basisstation zu-
geordnet ist, zu einer Vielzahl von Hilfsträgerblock-Sätzen (Subcarrier Block Sets, SBS), wobei die Funkzelle
und ihre benachbarten Funkzellen in dem drahtlosen Kommunikationssystem einen Zellen-Cluster bilden, und
jede Zelle in dem Zellen-Cluster entsprechende Hilfsträgerblock-Sätze umfasst, welche dieselben Hilfsträger-
blöcke verwenden, und
eine Zuweisungseinrichtung zum Zuweisen von Sendeleistungs-Bereichen für jeden aus der Vielzahl von Hilfs-
trägerblock-Sätzen, wobei ein Sendeleistungs-Bereich einen Bereich von Sendeleistungs-Pegeln definiert, der
für die Sendeleistungs-Steuerung für die Hilfsträger-Blöcke verwendet wird, wobei die Zuweisungseinrichtung
so eingerichtet ist, dass sie den Hilfsträgerblock-Sätzen von Funkzellen des Zellen-Clusters die Vielzahl von
Sendeleistung-Bereichen so zuweist, dass

in einer einzelnen Funkzelle eine Zuordnung jedes der Vielzahl von Sendeleistungs-Bereichen zu einem
Hilfsträgerblock-Satz der einzelnen Funkzelle vorliegt, und
eine Zuordnung jedes der Vielzahl von Sendeleistungs-Bereichen zu einem der entsprechenden Hilfsträ-
gerblock-Sätze in den Funkzellen des Zellen-Clusters vorliegt.

2. Basisstation für ein drahtloses Kommunikationssystem, wobei das System Funkzellen umfasst,
wobei jede Funkzelle mindestens zwei Sektoren umfasst, wobei in jedem Sektor eine Vielzahl von Hilfsträgerblöcken
für die Kommunikation verwendet wird, wobei jeder Hilfsträgerblock eine Vielzahl von Hilfsträgern umfasst, wobei
die Basisstation umfasst:

eine Verarbeitungseinrichtung zum Gruppieren der Hilfsträgerblöcke eines Sektors einer Funkzelle, die der
Basisstation zugeordnet ist, zu einer Vielzahl von Hilfsträgerblock-Sätzen, SBS, wobei der Sektor der Funkzelle
und seine benachbarten Sektoren in anderen Funkzellen in dem drahtlosen Kommunikationssystem einen
Sektor-Cluster bilden, und jeder Sektor in dem Sektor-Cluster entsprechende Hilfsträgerblock-Sätze umfasst,
welche dieselben Hilfsträgerblöcke verwenden, und
eine Zuweisungseinrichtung zum Zuweisen von Sendeleistungs-Bereichen für jeden aus der Vielzahl von Hilfs-
trägerblock-Sätzen, wobei ein Sendeleistungs-Bereich einen Bereich von Sendeleistungs-Pegeln definiert, der
für die Sendeleistungs-Steuerung für Hilfsträgerblöcke verwendet wird,
wobei die Zuweisungseinrichtung so eingerichtet ist, dass sie den Hilfsträgerblock-Sätzen von Funkzellen des
Zellen-Clusters die Vielzahl von Sendeleistungs-Bereichen so zuweist, dass

in einem einzelnen Sektor einer Funkzelle eine Zuordnung jedes der Vielzahl von Sendeleistungs-Bereichen
zu einem Hilfsträgerblock-Satz des Sektors vorliegt, und
eine Zuordnung jedes der Vielzahl von Sendeleistungs-Bereichen zu einem der entsprechenden Hilfsträ-
gerblock-Sätze in dem Sektor-Cluster vorliegt.

3. Verfahren zum Zuweisen von Sendeleistungs-Bereichen für eine Basisstation für ein drahtloses Kommunikations-
system,
wobei das System Funkzellen umfasst, wobei in jeder Funkzelle eine Vielzahl von Hilfsträgerblöcken für die Kom-
munikation verwendet wird, wobei jeder Hilfsträgerblock eine Vielzahl von Hilfsträgern umfasst, wobei das Verfahren
folgende Schritte umfasst:

Gruppieren der Hilfsträgerblöcke einer Funkzelle zu einer Vielzahl von Hilfsträgerblock-Sätzen, SBS, wobei die
Funkzelle und ihre benachbarten Funkzellen in dem drahtlosen Kommunikationssystem einen Zellen-Cluster
bilden, und jede Zelle in dem Zellen-Cluster entsprechende Hilfsträgerblock-Sätze umfasst, welche dieselben
Hilfsträgerblöcke verwenden, und
Zuweisen von Sendeleistungs-Bereichen für jeden aus der Vielzahl von Hilfsträgerblock-Sätzen, wobei ein
Sendeleistungs-Bereich einen Bereich von Sendeleistungs-Pegeln definiert, der für die Sendeleistungs-Steu-
erung verwendet wird,
wobei den Hilfsträgerblock-Sätzen von Funkzellen des Zellen-Clusters die Vielzahl von Sendeleistungs-Berei-
chen so zugewiesen wird, dass

in einer einzelnen Funkzelle eine Zuordnung jedes der Vielzahl von Sendeleistungs-Bereichen zu einem
Hilfsträgerblock-Satz der einzelnen Funkzelle vorliegt, und
eine Zuordnung jedes der Vielzahl von Sendeleistungs-Bereichen zu einem der entsprechenden Hilfsträ-
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gerblock-Sätze in den Funkzellen des Zellen-Clusters vorliegt.

4. Verfahren zum Zuweisen von Sendeleistungs-Bereichen für eine Basisstation für ein drahtloses Kommunikations-
system,
wobei das System Funkzellen umfasst, wobei jede Funkzelle mindestens zwei Sektoren umfasst, wobei in jedem
Sektor eine Vielzahl von Hilfsträgerblöcken für die Kommunikation verwendet wird, und jeder Hilfsträgerblock eine
Vielzahl von Hilfsträgern umfasst, wobei das Verfahren folgende Schritte umfasst:

Gruppieren der Hilfsträgerblöcke eines Sektors einer Funkzelle zu einer Vielzahl von Hilfsträgerblock-Sätzen,
SBS, wobei der Sektor der Funkzelle und seine benachbarten Sektoren in anderen Funkzellen in dem drahtlosen
Kommunikationssystem einen Sektor-Cluster bilden, und jeder Sektor in dem Sektor-Cluster entsprechende
Hilfsträgerblock-Sätze umfasst, welche dieselben Hilfsträgerblöcke verwenden, und
Zuweisen von Sendeleistungs-Bereichen für jeden aus der Vielzahl von Hilfsträgerblock-Sätzen, wobei ein
Sendeleistungs-Bereich einen Bereich von Sendeleistungs-Pegeln definiert, der für die Sendeleistungs-Steu-
erung verwendet wird,
wobei den Hilfsträgerblock-Sätzen von Funkzellen des Zellen-Clusters die Vielzahl von Sendeleistungs-Berei-
chen so zugewiesen wird, dass

in einem einzelnen Sektor einer Funkzelle eine Zuordnung jedes der Vielzahl von Sendeleistungs-Bereichen
zu einem Hilfsträgerblock-Satz des Sektors vorliegt, und
eine Zuordnung jedes der Vielzahl von Sendeleistungs-Bereichen zu einem der entsprechenden Hilfsträ-
gerblock-Sätze in dem Sektor-Cluster vorliegt.

Revendications

1. Station de base pour système de communication sans fil, le système comprenant des cellules radio, dans laquelle,
dans chaque cellule radio, une pluralité de blocs de sous-porteuses est utilisée pour la communication, chaque bloc
de sous-porteuses comprenant une pluralité de sous-porteuses, la station de base comprenant :

un moyen de traitement pour grouper les blocs de sous-porteuses d’une cellule radio associée à la station de
base en une pluralité d’ensembles de blocs de sous-porteuses SBS, soit Subcarrier Block Set, dans laquelle
la cellule radio et ses cellules radio adjacentes dans le système de communication sans fil construisent un
groupe de cellules, et chaque cellule du groupe de cellules comprend des ensembles de blocs de sous-porteuses
correspondants ayant les mêmes blocs de sous-porteuses, et
un moyen d’attribution pour attribuer respectivement des plages de puissance de transmission à la pluralité
d’ensembles de blocs de sous-porteuses, dans laquelle une plage de puissance de transmission définit une
plage de niveaux de puissance de transmission utilisée pour une commande de puissance de transmission
pour des blocs de sous-porteuses,
dans laquelle ledit moyen d’attribution est adapté pour attribuer ladite pluralité de plages de puissance de
transmission aux ensembles de blocs de sous-porteuses de cellules radio du groupe de cellules, de telle manière
qu’il y ait

dans une cellule radio unique, un mappage de chaque plage de ladite pluralité de plages de puissance de
transmission par rapport à un ensemble de blocs de sous-porteuses de ladite cellule radio unique, et
un mappage de chaque plage de ladite pluralité de plages de puissance de transmission par rapport à un
ensemble desdits ensembles de blocs de sous-porteuses correspondants dans les cellules radio dudit
groupe de cellules.

2. Station de base pour système de communication sans fil, le système comprenant des cellules radio, dans laquelle
chaque cellule radio comprend au moins deux secteurs, dans chaque secteur une pluralité de blocs de sous-
porteuses est utilisée pour la communication, et chaque bloc de sous-porteuses comprend une pluralité de sous-
porteuses, la station de base comprenant :

un moyen de traitement pour grouper les blocs de sous-porteuses d’un secteur d’une cellule radio associée à
la station de base en une pluralité d’ensembles de blocs de sous-porteuses SBS, dans laquelle le secteur de
la cellule radio et ses secteurs adjacents dans d’autres cellules radio dans le système de communication sans
fil construisent un groupe de secteurs, et chaque secteur dans le groupe de secteurs comprend des ensembles
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de blocs de sous-porteuses correspondants utilisant les mêmes blocs de sous-porteuses, et
un moyen d’attribution pour attribuer respectivement des plages de puissance de transmission à la pluralité
d’ensembles de blocs de sous-porteuses, dans laquelle une plage de puissance de transmission définit une
plage de niveaux de puissance de transmission utilisée pour une commande de puissance de transmission
pour des blocs de sous-porteuses,
dans laquelle ledit moyen d’attribution est adapté pour attribuer ladite pluralité de plages de puissance de
transmission aux ensembles de blocs de sous-porteuses de cellules radio du groupe de cellules, de telle manière
qu’il y ait

dans un secteur unique d’une cellule radio unique, un mappage de chaque plage de ladite pluralité de
plages de puissance de transmission par rapport à un ensemble de blocs de sous-porteuses dudit secteur, et
un mappage de chaque plage de ladite pluralité de plages de puissance de transmission par rapport à l’un
desdits ensembles de blocs de sous-porteuses correspondants dans ledit groupe de secteurs.

3. Procédé d’attribution de plages de puissance de transmission à une station de base pour un système de commu-
nication sans fil, le système comprenant des cellules radio, dans lequel, dans chaque cellule radio, une pluralité de
blocs de sous-porteuses est utilisée pour la communication, chaque bloc de sous-porteuses comprenant une pluralité
de sous-porteuses, le procédé comprenant les étapes suivantes :

groupage des blocs de sous-porteuses d’une cellule radio en une pluralité d’ensembles de blocs de sous-
porteuses SBS, dans lequel la cellule radio et ses cellules radio adjacentes dans le système de communication
sans fil construisent un groupe de cellules, et chaque cellule du groupe de cellules comprend des ensembles
de blocs de sous-porteuses correspondants utilisant les mêmes blocs de sous-porteuses, et
attribution respective de plages de puissance de transmission à la pluralité d’ensembles de blocs de sous-
porteuses, dans lequel une plage de puissance de transmission définit une plage de niveaux de puissance de
transmission utilisée pour une commande de puissance de transmission,
dans lequel ladite pluralité de plages de puissance de transmission est attribuée aux ensembles de blocs de
sous-porteuses de cellules radio du groupe de cellules, de telle manière qu’il y ait

dans une cellule radio unique, un mappage de chaque plage de ladite pluralité de plages de puissance de
transmission par rapport à un ensemble de blocs de sous-porteuses de ladite cellule radio unique, et
un mappage de chaque plage de ladite pluralité de plages de puissance de transmission par rapport à un
ensemble desdits ensembles de blocs de sous-porteuses correspondants dans les cellules radio dudit
groupe de cellules.

4. Procédé d’attribution de plages de puissance de transmission à une station de base pour un système de commu-
nication sans fil, le système comprenant des cellules radio, dans lequel chaque cellule radio comprend au moins
deux secteurs, dans chaque secteur, une pluralité de blocs de sous-porteuses est utilisée pour la communication,
et chaque bloc de sous-porteuses comprend une pluralité de sous-porteuses, le procédé comprenant les étapes
suivantes :

groupage des blocs de sous-porteuses d’un secteur d’une cellule radio en une pluralité d’ensembles de blocs
de sous-porteuses SBS, dans lequel le secteur de la cellule radio et ses secteurs adjacents dans d’autres
cellules radio dans le système de communication sans fil construisent un groupe de secteurs, et chaque secteur
dans le groupe de secteurs comprend des ensembles de blocs de sous-porteuses correspondants utilisant les
mêmes blocs de sous-porteuses, et
attribution respective de plages de puissance de transmission à la pluralité d’ensembles de blocs de sous-
porteuses, dans lequel une plage de puissance de transmission définit une plage de niveaux de puissance de
transmission utilisée pour une commande de puissance de transmission,
dans lequel ladite pluralité de plages de puissance de transmission est attribuée aux ensembles de blocs de
sous-porteuses de cellules radio du groupe de cellules, de telle manière qu’il y ait

dans un secteur unique d’une cellule radio unique, un mappage de chaque plage de ladite pluralité de
plages de puissance de transmission par rapport à un ensemble de blocs de sous-porteuses dudit secteur, et
un mappage de chaque plage de ladite pluralité de plages de puissance de transmission par rapport auxdits
ensembles de blocs de sous-porteuses correspondants dans ledit groupe de secteurs.
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