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(54) Method for managing resources in a telecommunication system

(57) The invention provides a method for managing
resources in a telecommunication system, the method
comprising steps of:
- associating (S1) a first plurality of mobile stations to a
first group, wherein each mobile station of the first plu-
rality of mobile stations has a connection quality that is
above a first dynamic threshold (200);

- associating (S2) a second plurality of mobile stations
to a second group, wherein each mobile station of the
second plurality of mobile stations has a connection qual-
ity that is below a second dynamic threshold (202);
- associating (S3) the first group to a first resource dis-
tribution scheme; and
- associating (S4) the second group to a second resource
distribution scheme.
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Description

Field of the invention

[0001] The invention relates to a method for managing resources in a telecommunication system.

Background and related art

[0002] In common multi-cellular telecommunication systems different resource distribution schemes are possible for
managing resources. A resource distribution scheme distributes resources for schedulable connections in the telecom-
munication system.
[0003] Two resource distribution schemes are for example the frequency distribution schemes reuse 1 (RU1) and
reuse 3 (RU3). In RU1 the whole available frequency bandwidth is provided to mobile stations in the cell using RU1. In
RU3 only a third of the available frequency bandwidth is provided to mobile stations in the cell using RU3.

Summary of the invention

[0004] The invention provides a method for managing resources in a telecommunication system. Preferably, the
telecommunication system is a wireless telecommunication system comprising a plurality of mobile stations. The method
comprises the steps of associating a first plurality of mobile stations to a first group. Each mobile station of the first
plurality of mobile stations has a connection quality that is above a first dynamic threshold. A dynamic threshold means
that the value of the threshold can be adapted for optimizing the method. Thus, the first threshold is not fixed. It is to be
noted that each mobile station of the first plurality of mobile stations has a connection quality that may differ from the
connection quality of another mobile station of the first plurality of mobile stations.
[0005] In a second step a second plurality of mobile stations is associated to a second group. Each mobile station of
the second plurality of mobile stations has a connection quality that is below a second dynamic threshold. The second
dynamic threshold may also be adapted for optimizing the method. The connection quality of a mobile station of the
second plurality of mobile stations may differ from the connection quality of another mobile station of the second plurality
of mobile stations.
[0006] The first group is then associated to a first resource distribution scheme and the second group is associated
to a second resource distribution scheme.
[0007] According to embodiments of the invention the first and the second threshold are adapted to resource require-
ments of schedulable connections between mobile stations associated with either one of said groups and at least one
base station. In other words, the dynamic thresholds are increased or decreased dependent on resource requirements
of schedulable connections between mobile stations of the first and of the second group. For example, the dynamic
thresholds are adapted such that the first and the second resource distribution scheme provide their resources for
optimizing the scheduling of the schedulable connections.
[0008] According to embodiments of the invention at least one of the first and the second threshold is decreased when
there are schedulable connections of the second plurality of mobile stations and free resources in the first resource
distribution scheme. Free resources in the first resource distribution scheme mean that more connections may be
scheduled according to the first resource distribution scheme than there are actually scheduled by the first resource
distribution scheme.
[0009] According to embodiments of the invention at least one of the first and the second threshold is increased when
there are schedulable connections of the first plurality of mobile stations and free resources in the second resource
distribution scheme. Free resources in a distribution scheme mean that additionally to the actually scheduled connections
more connections may be scheduled according to the resource distribution scheme.
[0010] According to embodiments of the invention the first and the second threshold are signal quality thresholds.
This means, the connection quality is defined by the signal quality. If the signal quality of a mobile station is above the
first threshold the mobile station is associated to the first group and if the signal quality of a mobile station is below the
second threshold the mobile station is associated to the second group. The first and the second dynamic thresholds
may be identical or not identical. If the thresholds are not identical, mobile stations with a signal quality in between the
two thresholds associated to one of the two groups keep being associated to this group. A re-associating of a mobile
station to another group is only triggered when its signal quality exceeds the first threshold or falls below the second
threshold.
[0011] A mobile station that has been disconnected from the telecommunication system is immediately associated to
one of the two groups after its registration with the telecommunication system. If its signal quality is below the second
threshold it is associated to the second group and if its signal quality is above the first threshold it is associated to the
first group. In case the two thresholds are not identical and the signal quality of the newly registered mobile station is in
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between the first and the second threshold the mobile station is preferably associated to the first group. Alternatively,
the mobile station may in this case be associated to the second group.
[0012] According to embodiments of the invention a first mobile station from the first group is associated to the second
group only if the connection quality of the first mobile station being associated to the second group is at least as good
as the connection quality of the first mobile station being associated to the first group. In other words, the first mobile
station is only associated to the second group if its connection quality when it is associated to the second group is at
least as good as its connection quality when it is associated to the first group. Thus, the first mobile station is not
associated to the second group if its connection quality would suffer from the association to the second group. The first
mobile station stays in this case in the first group.
[0013] According to embodiments of the invention a second mobile station from the second group is associated to the
first group only if the connection quality of the second mobile station being associated to the second group is expected
to have the least difference to the connection quality of the second mobile station being associated to the first group
compared to the respective differences of mobile stations from the second plurality of mobile stations. In other words,
the second mobile station is the mobile station from the second group, whose connection quality will suffer the least in
comparison to the other mobile stations from the second group in case of associating the second mobile station to the
first group. This means the connection quality of every other mobile station from the second group would suffer more
when the respective mobile station would be associated to the first group.
[0014] According to embodiments of the invention, if there are schedulable connections of the second plurality of
mobile stations and free resources in the first distribution scheme, these free resources are assigned to at least one
mobile station of the second group. If there are schedulable connections of the first plurality of mobile stations and free
resources in the second distribution scheme, these free resources are assigned to at least one mobile station of the first
group. In other words, free resources in any distribution scheme may be assigned to mobile stations being associated
to another distribution scheme if there are still schedulable connections left.
[0015] According to embodiments of the invention the resources are time, frequency and/or code resources. This
means, the resource distribution schemes distribute either certain time and frequency slots to the users being associated
to the respective resource distribution scheme or a number of coding sequences to the users of the respective resource
distribution scheme.
[0016] For example, in an OFDMA system time and frequency are distributed by the resource distribution schemes
while in a CDMA system coding sequences are distributed by the resource distribution scheme.
[0017] According to embodiments of the invention the resources of the two resource distribution schemes are separated
in space, time, frequency, power and/or code. This means, the resources distributed by the first resource distribution
scheme are different in time, space, frequency, power and/or code from the resources distributed by the second resource
distribution scheme.
[0018] According to embodiments of the invention the first resource distribution scheme provides a first resource range
to schedulable connections of the first plurality of mobile stations and the second resource distribution scheme provides
a second resource range to schedulable connections of the second plurality of mobile stations. A resource range may
for example be a frequency bandwidth, certain time periods, and/or code ranges.
[0019] Preferably the second resource ranges of two neighboring base stations are disjoined. This means, that two
neighboring base stations do not provide the same second resource range to mobile stations associated to the respective
second groups. The first resource range of two neighboring base stations is preferably the same resource range. In
other words, two neighboring base stations may provide the same first resource range to mobile stations from the
respective first groups.
[0020] In another aspect the invention relates to a computer readable storage medium containing instructions that
when executed by a base station cause the base station to perform a method as described above.
[0021] In yet another aspect the invention relates to a base station apparatus comprising means for associating a first
plurality of mobile stations to a first group, wherein each mobile station of the first plurality of mobile stations has a
connection quality that is above a first dynamic threshold, means for associating a second plurality of mobile stations to
a second group, wherein each mobile station of the second plurality of mobile stations has a connection quality that is
below a second dynamic threshold, means for associating the first group to a first resource distribution scheme, and
means for associating the second group to a second resource distribution scheme.
[0022] In yet another aspect the invention relates to a telecommunication system comprising a plurality of base stations
according to claim 14. Preferably the telecommunication system is a wireless telecommunication system.

Brief description of the drawings

[0023] In the following preferred embodiments of the invention will be described, by way of example only, and with
reference to the drawings in which:



EP 2 337 416 A1

4

5

10

15

20

25

30

35

40

45

50

55

Fig. 1 is a schematic view of a wireless telecommunication system comprising a plurality of cells and base stations;

Fig. 2 is a graph of a connection quality of a mobile station;

Fig. 3 is a flow diagram of a method for managing resources in a wireless telecommunication system; and

Fig. 4 is a block diagram of a base station adapted for performing a method for managing resources in a wireless
telecommunication system.

Detailed description

[0024] Like numbered elements in these figures are either identical elements or perform the same function. Elements
which have been discussed previously will not necessarily be discussed in later figures if the function is identical.
[0025] Fig. 1 is a schematic view of a wireless telecommunication system 100 comprising a plurality of cells 102, 104
and 106. Each cell 102, 104 and 106 is served by a base station. Depicted are 12 cells and four sites 108, 110, 112 and
114 with three base stations each. Each base station serves a single cell. It is to be noted that only for one site 108 the
cells 102, 104 and 106 are marked with reference signs. Each cell 102 is also referred to as sector A, each cell 104 is
also referred to as sector B and each cell 106 is also referred to as sector C.
[0026] In each cell 102, 104 and 106 a lobe 116 is depicted representing the use of a resource distribution scheme
different from the used resource distribution scheme outside lobe 116. Lobe 116 fills out the central area of each cell
102, 104 and 106. Thus, in the center region of each cell 102, 104 and 106 a first resource distribution scheme is used
in the region of lobe 116. The first resource distribution scheme is referred to also as reuse 1 in Fig. 1. Outside lobe 116
a secondary source distribution scheme is used in the border region of each cell 102, 104 and 106. The second resource
distribution scheme outside lobe 116 is also referred to as reuse 3 in Fig. 1.
[0027] The wording reuse 1 and reuse 3 refers to the use of a range of the distributed resource. Reuse 3 means that
in this region in a cell only a third of the available resource range is distributed to schedulable connections of mobile
stations. In the first distribution scheme reuse 1, the whole resource range is distributed to mobile stations for schedulable
connections of the mobile stations with a base station.
[0028] For example the distributed resource may be a frequency bandwidth. Then in the reuse 1 regions in each cell
the whole frequency bandwidth would be available for connections of mobile stations in the respective reuse 1 area 116.
[0029] Because only a third of the available bandwidth is used in the border region of each cell, signal interferences
between signals originating from different base stations are minimized. Each cell 102 uses for example a first third of
the bandwidth, each cell 104 uses a second third of the bandwidth and each cell 106 uses a third third of the bandwidth.
A cell 102 of a first base station is never adjacent to a cell 102 of another base station. Thus, a reuse 3 region using the
first third of the bandwidth is never adjacent to another reuse 3 region using also the first third of the bandwidth.
[0030] In the lobes 116 the first resource distribution scheme reuse 1 is used. This is advantageous because the whole
frequency bandwidth can be used for scheduling connections of the mobile stations being located in the lobe 116. Thus,
more connections can be scheduled in the reuse 1 region compared to a reuse 3 region. The use of the reuse 3 distribution
scheme in the border cell regions is advantageous because signal interferences with neighboring cells are minimized.
[0031] The association of a mobile station to the first or the second resource distribution scheme depends on the
connection quality of the mobile station. If the connection quality for example exceeds a first threshold the mobile station
is associated to the first resource distribution scheme reuse 1; if the connection quality of the mobile station is below a
second threshold the mobile station is associated to the second resource distribution scheme reuse 3. In case of a
WiMAX/IEEE 802.16 system, and defining connection quality by the signal quality, as a measurable value for the signal
quality the carrier to interference and noise ratio (CINR) is used.
[0032] Mixed reuse 1/reuse 3 operation can be done either by frame separation in the time domain with distinct sub-
frames for reuse 1 and reuse 3 mobile stations, or by means of downlink power control where no frame separation in
the time domain is necessary, but reuse 3 mobile stations are scheduled with full power in a dedicated frequency segment
only and reuse 1 mobile stations can use the whole frequency band with reduced transmission power.
[0033] The association of mobile stations to the reuse 1 and reuse 3 clusters described here is mainly based on the
carrier to interference and noise ratio (CINR) of the individual mobile stations measured on the preamble for reuse 1
and reuse 3. For more flexibility also the CINR measured in the current scheduling zone is considered which is available
at the base station, e.g. due to channel quality information (CQI) reports from mobile stations for link adaptation. To
account for the high variability of the instantaneous channel an average CINR over a number of several recent feedbacks
and a hysteresis is used to assign mobile stations to the corresponding reuse cluster. Due to the averaging mainly the
path-loss and the interference will influence the reported CINR values. In this context the base station’s main task is to
optimally classify all served mobile stations with respect to overall resource utilization and to provide adequate service
quality under different interference situations.
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[0034] Reuse cluster classification aims at scheduling mobile stations with good CINR conditions in the reuse 1 and
mobile stations with low CINR conditions in the reuse 3 zone. Reuse 3 zones have orthogonal resources between
adjacent cells such that they exhibit reduced interference impact especially at cell borders. In reuse 1 zones all resources
are commonly used between adjacent cells.
[0035] The average preamble CINR does not change rapidly such that channel feedback in larger periods is sufficient
for classification. Therefore the base station, additionally to the zone channel quality information channel (CQICH),
periodically requests downlink preamble CINR measurements from the mobile stations, e.g. with the report request/
response (REP-REQ/RSP in WiMAX) signaling messages in order to update its internal reuse clusters.
[0036] Instead of a downlink preamble CINR measurement, sounding may be used for measuring interferences. It is
to be noted that interferences in the whole frequency band must be measured.
[0037] The base station periodically polls the mobile stations to report their channel quality and based on this information
dynamically assigns them to a reuse 1 or a reuse 3 cluster. The reuse 3 cluster is characterized by a certain, at least
minimum, service level even at sector borders and the reuse 1 cluster is characterized by high throughput in the sector
center.
[0038] Besides channel quality reports the mechanism also takes into account the distribution of the current load in
the sector, i.e. whether all mobile stations classified for the reuse 3 cluster actually can be served in the reuse 3 zone.
This is done by a dynamic adaptation of the upper and lower thresholds of the hysteresis. In case of too many mobile
stations in the reuse 3 cluster, the thresholds are decreased. Thereby those mobile stations in the reuse 3 cluster that
still have better channel conditions than other mobile stations in the reuse 3 cluster will be shifted to the reuse 1 cluster
and in the following frames will be served in the reuse 1 zone. Consequently the classification procedure sets a constraint
for the scheduling which rather has a relative than an absolute character such that always the mobile stations with the
worst channel conditions are assigned to the reuse 3 cluster.
[0039] Also, a mobile station will remain in the reuse 1 cluster if the evaluation of preamble measurements suggests
a change to cluster reuse 3 but the CINR measured in the reuse 1 zone for link adaption is still sufficient to serve the
mobile station with the same burst profile.
[0040] If the reuse 3 zone of the frame resources is not completely used by mobile stations from the reuse 3 cluster,
what could be the case if the thresholds have been reduced too much, the remaining resources in the reuse 3 zone can
as well be used by mobile stations of the reuse 1 cluster without any restrictions or further implications. The same is
valid for remaining resources in the reuse 1 zone of the frame. These may be used by mobile stations of the reuse 3
cluster. Due to the higher interference a mobile station from the reuse 3 cluster would experience in the reuse 1 zone,
the scheduling of a mobile station of the reuse 3 cluster into the reuse 1 zone may require the selection of a lower burst
profile or repetition coding.
[0041] In the following the threshold based reuse 1(RU1)/reuse 3(RU3) classification algorithm of the BS is given in
pseudo code. The first threshold is referred to as "threshold_high" and the second threshold is "threshold_low". "BP"
means "burst profile":
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[0042] In a first step, a CINR based RU1/RU3 clustering of mobile stations is done by the base station. Mobile stations
from the RU3 cluster are first checked for their reported signal quality on RU1 resources, i.e. the value CINRP1, which
is measured over the whole bandwidth corresponding to RU1 resources, to be greater than the upper threshold of the
hysteresis for relocation into the RU1 cluster. Additionally the difference between CINRP1 and the signal quality measured
on resources which correspond to resources used in the RU3 zone, i.e. the difference between the reuse 1 and reuse
3 preamble CINRs CINRP1 and CINRP3 is evaluated to be less than CIN-Rdelta in order to retain the burst profile from
the previous cluster, wherein CINR P3 is the reported signal quality on RU3 resources. Mobile stations from the RU1
cluster are first checked for their reported reuse 1 CINR to be less than the lower threshold of the hysteresis to be
relocated into the RU3 cluster. A second criteria is that the zone CINR CINRzone which is the effective CINR or physical
CINR measured on dedicated resources allocated to the specific user has to be less than the required CINR for the
current BP
CINRrequired to maintain BP, otherwise the mobile station can further on be served in the RU1 zone.
[0043] In case the mobile station has not been assigned to a RU cluster yet (e.g. after network entry) classification
can be done on one threshold only (e.g. the lower threshold).
[0044] In a next step the Quality of Service (QoS) scheduler assigns the resources in the RU1 zone to mobile stations
of the RU1 cluster and the resources in the RU3 zone to mobile stations of the RU3 cluster.
[0045] Finally the QoS scheduler may assign remaining resources to non-cluster members. For example if there are
remaining resources in the RU1 zone and not all RU3 cluster members had been scheduled, the QoS scheduler may
assign the remaining resources to RU3 cluster members, however with reduced transmission power as RU1 cluster
members. Additionally the hysteresis thresholds are adapted accordingly that the conditions for becoming a RU3 cluster
member in the next frame are sharpened, which means that both thresholds are decreased.
[0046] Fig. 2 is a graph showing the CINR of a mobile station in dependency of the time. The y-axis represents the
CINR and the x-axis represents the time. For the sake of clarity in graphical representation, first and second connection
quality, i.e. CINRP1 and CINRP3, are assumed to be equal and are thus summarized as CINR. A first line 200 represents
the second threshold, also referred to as threshold_low, and the second line 202 represents the first threshold, also
referred to as threshold_high.
[0047] In the beginning, on the left of the graph, the CINR of the mobile station is above the first and the second
threshold. Then, it decreases and when it falls below the second threshold the mobile station is associated to the second
group using the second resource distribution scheme reuse 3. Then, the CINR increases again and, when exceeding
the first threshold, the first mobile station is associated to the first group using the first resource distribution scheme
reuse 1. After a maximum CINR the CINR decreases again and falls again below the second threshold, which triggers
the re-association of the mobile station to the second group. Afterwards, the CINR exceeds the second threshold but
not the first threshold. This does not trigger a re-association of the mobile station to a resource distribution scheme. The
mobile station stays in the second group. Afterwards, the CINR exceeds again the first threshold and the mobile station
is again associated to the first group.
[0048] Fig. 3 is a flow diagram of a method comprising the following steps. In a first step S1 a first plurality of mobile
stations is associated to a first group. Each mobile station of the first plurality of mobile stations has a connection quality
that is above a first dynamic threshold. In a second step S2 a second plurality of mobile stations is associated to a
second group. Each mobile station of the second plurality of mobile stations has a connection quality that is below a
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second dynamic threshold. In a third step S3 the first group is associated to a first resource distribution scheme, for
example reuse 1. A fourth step S4, the second group is associated to a second resource distribution scheme, for example
reuse 3.
[0049] Fig. 4 is a base station apparatus 400 comprising means 402 for associating a first plurality of mobile stations
to a first group. Second association means 404 are adapted to associate a second plurality of mobile stations to a second
group. Third association means 406 associate the first group to a first resource distribution scheme, for example reuse
1. Further, fourth association means 408 are adapted for associating the second group to a second resource distribution
scheme, for example reuse 3.
[0050] Preferably a processor 410 comprises the association means 402, 404, 406 and 408. For example, the processor
410 executes a program 414, which is stored on a storage 412.

List of reference numerals

[0051]

Claims

1. A method for managing resources of a cell in a digital cellular telecommunication system, the method comprising
steps of:

- associating (S1) a first plurality of mobile stations of the cell to a first group of mobile stations, wherein each
mobile station of the first plurality of mobile stations has a connection quality that is above a first dynamic
threshold (200);
- associating (S2) a second plurality of mobile stations of the same cell to a second group of mobile stations,
wherein each mobile station of the second plurality of mobile stations has a connection quality that is below a
second dynamic threshold (202);
- associating (S3) the first group to a first resource distribution scheme; and
- associating (S4) the second group to a second resource distribution scheme.

100 Wireless telecommunication system

102 Cell

104 Cell

106 Cell

108 Site with three base stations

110 Site with three base stations

112 Site with three base stations

114 Site with three base stations

116 Lobe

200 Threshold

202 Threshold

400 Base station

402 Group association means

404 Group association means

406 Distribution scheme association means

408 Distribution scheme association means

410 Processor

412 Storage

414 Program
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2. Method according to claim 1, wherein the first and the second threshold are selected in accordance with resource
requirements of schedulable connections between mobile stations associated to either one of said groups and at
least one base station.

3. Method according to claim 2, wherein at least one of the first and the second threshold is decreased when there
are schedulable connections of the second plurality of mobile stations and free resources in the first resource
distribution scheme.

4. Method according to claim 2, wherein at least one of the first and the second threshold is increased when there are
schedulable connections of the first plurality of mobile stations and free resources in the second resource distribution
scheme.

5. Method according to any one of the preceding claims, wherein the first and the second threshold are signal quality
thresholds.

6. Method according to any one of the preceding claims, wherein a first mobile station from the first group is associated
to the second group only if the connection quality of the first mobile station being associated to the second group
is at least as good as the connection quality of the first mobile station being associated to the first group.

7. Method according to any one of the preceding claims, wherein a second mobile station from the second group is
associated to the first group only if the connection quality of the second mobile station being associated to the
second group is expected to have the least difference to the connection quality of the second mobile station being
associated to the first group compared to the respective differences of mobile stations from the second plurality of
mobile stations.

8. Method according to any one of the preceding claims, wherein free resources in the first distribution scheme are
assigned to at least one mobile station of the second group, and wherein free resources in the second distribution
scheme are assigned to at least one mobile station of the first group.

9. Method according to any one of the preceding claims, wherein the resources are time, frequency and/or code
resources.

10. Method according to any one of the preceding claims, wherein the resources of the two resource distribution schemes
are separated in space, time, frequency, power and/or code.

11. Method according to any one of the claims 2-10, wherein the first resource distribution scheme provides a first
resource range to schedulable connections of the first plurality of mobile stations and the second resource distribution
scheme provides a second resource range to schedulable connections of the second plurality of mobile stations.

12. Method according to claim 11, wherein the second resource ranges of two neighbouring base stations are disjoint,
and wherein the first resource range of two neighbouring base stations is the same resource range.

13. A computer-readable storage medium containing instructions that when executed by a base station cause the base
station to perform a method according to any one of the preceding claims.

14. Base station apparatus (400) comprising

- Means (402) for associating a first plurality of mobile stations to a first group, wherein each mobile station of
the first plurality of mobile stations has a connection quality that is above a first dynamic threshold;
- Means (404) for associating a second plurality of mobile stations to a second group, wherein each mobile
station of the second plurality of mobile stations has a connection quality that is below a second dynamic
threshold;
- Means (406) for associating the first group to a first resource distribution scheme; and
- Means (408) for associating the second group to a second resource distribution scheme.

15. Telecommunication system comprising a plurality of base stations according to claim 14.
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