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A method of transmitting data between a plurality of base
stations and a plurality of mobile stations is provided. The
method includes ranking data links between the plurality of
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METHOD OF TRANSMITTING DATA
BETWEEN A PLURALITY OF BASE
STATIONS AND A PLURALITY OF MOBILE
STATIONS

plurality of mobile stations according to a quality criterion,
and selecting a subset of data links for transmitting the data
between the plurality of base stations and the plurality of
mobile stations such that a predetermined requirement is
satisfied, wherein the selected subset includes data links
having rankings including the highest ranking or both the
highest ranking and one or more rankings selected in a
descending order from the highest ranking. Selecting the
subset of data links may include assigning a predetermined
value to power of the data link having the lowest ranking of
the parameter and determining if the predetermined requirement is satisfied. If it is determined that the predetermined
requirement is satisfied, selecting the subset of data links
may include assigning the predetermined value to power of
the data link having the next lowest ranking and further
determining if the predetermined requirement is satisfied. If
it is determined that the predetermined requirement is not
satisfied, selecting the subset of data links may include
selecting the remaining data links for transmitting the data
between the plurality of base stations and the plurality of
mobile stations.

5

CROSS REFERENCE TO RELATED
APPLICATIONS
The present application is a U.S. National Stage Application under 35 U.S.c. §371 of International Application
No. PCT/SG2012/000293, filed on 21 Aug. 2012, the complete disclosure of which is incorporated herein by reference. This application claims the benefit of priority of
Singapore patent application No. 201105966-4, filed 18
Aug. 2011, the content of it being hereby incorporated by
reference in its entirety for all purposes.
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TECHNICAL FIELD
Various embodiments relate generally to a method of
transmitting data between a plurality of base stations and a
plurality of mobile stations.

20

BRIEF DESCRIPTION OF THE DRAWINGS
BACKGROUND
25

Generally, cellular wireless communication systems are
interference-limited. That is, different base stations (BSs)
generate out-of-cell interference to neighboring mobile stations (MSs) using the same frequency channels. In addition,
the fourth generation (4G) wireless communication systems,
such as Long Term Evolution (LTE) Advanced, intend to
achieve the frequency reuse factor of I. Thus, interference
mitigation techniques may be required for wireless communication.
Coordinated Multipoint (CoMP) transmission is envisioned to be an important component technology in third
generation partnership project (3GPP) LTE-Advanced. In
CoMP, inter-cell interference can be mitigated or eliminated
by proper beamforming design. There are two major techniques in CoMP: joint processing and coordinated beamforming. In coordinated beamforming, the data stream for
each mobile station (MS) is transmitted from a single base
station (BS) node, and the beamformer design for each BS
is coordinated among the cooperating BSs. Joint processing
can achieve higher system throughput but may require the
transmit data for different users to be available at each
cooperating BS. In joint processing, selection of the base
station cooperation sets and allocation of the user data can
be crucial for the system performance.
The beamforming vector design has previously been used
in a multicellular environment subject to Per-BS power
constraint. In such a scenario, each BS is responsible for
transmission to its own MSs, and no MS data is exchanged
between different cells. Further, a zero-forcing scheme
involving multiple BSs has been considered. For the zeroforcing scheme, the data for all the MSs in the cooperating
cells are distributed among all the cooperating BSs. In
addition, heuristic clustering methods for BS cooperation
based on the distance between the BSs and MSs have also
been used.
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SUMMARY
According to one embodiment, a method of transmitting
data between a plurality of base stations and a plurality of
mobile stations is provided. The method includes ranking
data links between the plurality of base stations and the

In the drawings, like reference characters generally refer
to the same parts throughout the different views. The drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description, various embodiments of
the invention are described with reference to the following
drawings, in which:
FIG. 1 shows a drawing of an arrangement of base
stations and mobile stations.
FIG. 2 shows a flowchart of a method of transmitting data
between a plurality of base stations and a plurality of mobile
stations according to one embodiment.
FIG. 3 shows a drawing of an arrangement of base
stations and mobile stations according to one embodiment.
FIG. 4 shows a drawing of an arrangement of base
stations and mobile stations according to one embodiment.
FIG. 5 shows a flowchart of a method of transmitting data
between a plurality of base stations and a plurality of mobile
stations according to one embodiment.
FIG. 6 shows a flowchart of a method of transmitting data
between a plurality of base stations and a plurality of mobile
stations according to one embodiment.
FIG. 7 shows a simulation setup according to one embodiment.
FIG. Sa shows a graph illustrating a distribution for
different numbers of remaining data links for a signal to
leakage (SLR) based clustering method according to one
embodiment.
FIG. Sb shows a graph illustrating a distribution for
different numbers of remaining data links for a channel
strength based clustering method according to one embodiment.
FIG. 9a shows a graph illustrating a distribution for
different transmit powers for a signal to leakage (SLR) based
clustering method according to one embodiment.
FIG. 9b shows a graph illustrating a distribution for
different transmit powers for a channel strength based clustering method according to one embodiment.
DETAILED DESCRIPTION

65

Embodiments of a method of transmitting data between a
plurality of base stations and a plurality of mobile stations
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will be described in detail below with reference to the
accompanying figures. It will be appreciated that the
embodiments described below can be modified in various
aspects without changing the essence of the invention.
FIG. 1 shows a drawing of an arrangement 100 of base
stations (BSs) 102 and mobile stations (MSs) 104. The
arrangement 100 has a plurality of BSs 102 and a plurality
ofMSs. The plurality ofBSs 102 cooperate to transmit to the
plurality of MSs at the same time and using the same
frequency channel. For illustration purposes, three base
stations (e.g. a first base station 102a, a second base station
102b, a third base station 102e) and three mobile stations
(e.g. a first mobile station 104a, a second mobile station
104b, a third mobile station 104e) are shown in FIG. 1.
In FIG. 1, Xi denotes the data symbol for the ith MS, where
iE I, ... , K and K is the total number of MSs. Pij denotes the
allocated power at the jth BS for the ith MS, where
jEI, ... , Band B is the total number of BSs. When Pij=O,
it means that the data for the ith MS is not allocated on the
jth BS. The power allocation Pij can be written into a (KxB)
matrix P, where the {i, j}-th element of the matrix P is Pij'
In order to use the minimum number of BSs to cooperate
to transmit to the MSs, it is desirable to force as many Pij to
zero as possible (subject to certain signal to interferenceplus-noise ratio (SINR) and power constraints). This corresponds to maximizing the sparsity of the matrix P, subject to
certain SINR and power constraints. It can be expressed
using the following optimization problem.

variance at the ith MS, hijH is the channel from the jth BS
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maximize

IIPII 0

(1)

subject to SINR; <: y;, ViE {I, ... , K}

~ Pi} s Pj, V j

E

{I, ... , B)
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where 11·110 denotes the lo-"norm", i.e., sparsity, SINRi is the
SINR of the ith mobile station, Yi is the SINR requirement of
the ith mobile station, Pij is the power allocation for a data
link between the jth base station and the ith mobile station,
and Pj is the total transmit power constraint for the jth base
station.
The first inequality SINRi"=Yi denotes the SINR constraint,
and the second inequality
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denotes the Per-BS power constraint.
Furthennore,
55
(2)

60

where V$ ij denotes the beamfonning vector (normalized to I)
for the data stream/data link between the ith MS and the jth
BS, Pij is the power allocation for the data link between the
jth base station and the ith mobile station, a/ is the noise

65

to the ith MS, V$kj is the beamfonning vector (nonnalized to
I) for the data stream of kth MS on the jth BS.
However, equation (1) is a nonconvex optimization problem. Such problems can be solved by exhaustive search.
However, the complexity of exhaustive search is exponential
and is not practical in real-world applications.
FIG. 2 shows a flowchart 200 of a method of transmitting
data between a plurality of base stations and a plurality of
mobile stations according to one embodiment. At 202, data
links between the plurality of base stations and the plurality
ofmobile stations are ranked according to a quality criterion.
At 204, a subset of data links for transmitting the data
between the plurality of base stations and the plurality of
mobile stations is selected such that a predetermined
requirement is satisfied.
In one embodiment, the selected subset of data links may
include data links having rankings including the highest
ranking.
In another embodiment, the selected subset of data links
may include data links having rankings including both the
highest ranking and one or more rankings selected in a
descending order from the highest ranking. For example, the
selected subset may include data links having the highest
ranking and the second highest ranking. The selected subset
may also include data links having the highest ranking, the
second highest ranking, the third highest ranking and so on.
Selecting the subset of data links may include assigning a
predetermined value to power of the data link having the
lowest ranking of the parameter and detennining if the
predetermined requirement is satisfied. If it is determined
that the predetermined requirement is satisfied, selecting the
subset of data links may further include assigning the
predetermined value to power of the data link having the
next lowest ranking and further detennining if the predetermined requirement is satisfied. The predetermined value
may be zero.
If it is determined that the predetennined requirement is
not satisfied, selecting the subset of data links may further
include selecting the remaining data links for transmitting
the data between the plurality of base stations and the
plurality of mobile stations.
The predetermined requirement may include a signal to
interference-plus-noise ratio constraint requirement. The
predetermined requirement may further include a power
constraint requirement.
The predetennined requirement is satisfied when the
signal to interference-plus-noise ratio of each mobile station
is greater than or equal to a predefined signal to interferenceplus-noise ratio for the mobile station and when a sum ofthe
power allocated to the data links at each base station is
smaller than or equal to a predefined total power constraint
at the base station.
Ranking the data links according to a quality criterion
may include calculating a value of the quality criterion for
each data link; and ranking the data links according to the
values of the quality criterion.
In one embodiment, the quality criterion may include a
signal-to-Ieakage ratio of the data link. In another embodiment, the quality criterion may include a channel strength of
the data link.
The method may further include detennining if the predetermined requirement is satisfied based on information of
the data links between the plurality of base stations and the
plurality of mobile stations before the data links are ranked
according to a quality criterion. The information of the data
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links between the plurality of base stations and the plurality
of mobile stations may include power allocated to each data
link. The infonnation of the data links between the plurality
of base stations and the plurality of mobile stations may
further include a beamforming vector of each data link.
Exemplary methods for transmitting data between a plurality of base stations and a plurality of mobile stations are
described in the following.
One exemplary method may be a clustering method based
on the signal-to-Ieakage ratio (SLR) of the data streams/data
links between a plurality of base stations and a plurality of
mobile stations. All the cooperating base stations (BSs)
302a, 302b, 302c send the channel state information (CSI)
to a central scheduler 320 as illustrated in FIG. 3. The
channel state infonnation of each channel between the ith
mobile station and the jth base station is represented by the

In one embodiment, the predetermined requirement is
satisfied when a signal to interference-plus-noise ratio of
each mobile station is greater than or equal to a predefined
signal to interference-plus-noise ratio of the mobile station
(e.g. SINR constraint requirement) and when a sum of the
power allocated to the data links at each base station is
smaller than or equal to a predefined total transmit power
constraint for the base station (e.g. power constraint requirement).
Then, a quality criterion, i.e. a signal, to leakage ratio
(SLR), is calculated for each data link/data stream {i,j}. The
data links are ranked according to the signal to leakage ratio.
In one embodiment, the data links may be sorted from the
lowest value of the signal to leakage ratio to the highest
value of the signal to leakage ratio or vice versa.
The signal to leakage ratio (SLR) for each data link/data
stream {i, j} is defined as

5
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15

it.

Each base station 302a, 302b, 302c only has the
vector Ii
channel state infonnation between itself and the respective
mobile stations. In one embodiment, the central scheduler
320 may be the base station 302b. In another embodiment,
the central scheduler 320 may be a separate nnit.
For simplicity of illustration, only three base stations
(BSs) 302a, 302b, 302c and only three mobile stations
(MSs) 304a, 304b, 304c are shown in FIG. 3. Different
numbers of base stations and mobile stations may be used in
other embodiments. Examples of base stations may include
but are not limited to LTE Base Station Transceiver or
eNode-B.
The central scheduler 320 assumes that all the BSs 302a,
302b, 302c can cooperate. In other words, all the BSs 302a,
302b, 302c are assumed to have the data for all the mobile
stations (MSs) 304a, 304b, 304c. In one embodiment, the
channel state information may include information of the
data links between the plurality of base stations 302a, 302b,
302c and each of the mobile stations 304a, 304b, 304c. The
information of the data links may include power allocated to
each data link. The information of the data links may further
include a beamfonning vector of each data link.
The central scheduler 320 solves the following convex
optimization problem:

(1)

20

25

where IiijH is the beamfonning vector (normalized to I) for
the data link {i, j}, Pij is the power allocation for the data link
{i, j} between the ith mobile station and the jth base station,
30

35

IiijH

is the channel from the jth BS to the ith MS, and IikjH
is the channel from the jth BS to the kth MS.
A predetennined value is then assigned to the power Pij of
the data link having the lowest ranking (i.e. the lowest value
of the SLR). In one embodiment, the predetennined value
may be O. The data link is non-existent when the power of
the data link is O.
The following feasibility problem may be checked using
the remaining data links:

40
(5)

find
minimize

~ Pij

(3)

subject to SINR i <: Yi, ViE {I, ... , K}

i,j

~

subject to SINRi <: Yi, ViE {I, ... , K}

Pij

s

Pj, V j E {I, ... , B)

45

The feasibility problem in equation (5) may be checked to
determine if the predetermined requirement is still satisfied.
where SINRi is the SINR of the ith mobile station, Yi is the
SINR requirement of the ith mobile station, Pij is the power
allocation for the data link between the jth base station and
the ith mobile station, and Pj is the total transmit power
constraint for the jth base station.
If Pij and V$ij that can satisfY a predetennined requirement
can be found, it means that the predetermined requirement
can be satisfied by the cooperating BSs. In one embodiment,
the predetennined requirement includes a SINR constraint
requirement, SINRi 2:Yi' The predetennined requirement further includes a power constraint requirement (e.g. a Per-BS
power constraint),

50

55

60
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If Pij and V$ ij that can satisfY the predetennined requirement
can be found, it means that the predetennined requirement
can be satisfied. When it is determined that the predetermined requirement is satisfied, the predetennined value is
assigned to the power of the data link having the next lowest
ranking and it is further detennined if the predetermined
requirement can still be satisfied.
The steps may be repeated, and within this process of
removing data links, Vi, the power Pij of at least one data link
must be kept greater than zero. The steps may be repeated
until the predetermined requirement is not satisfied.
When the predetennined requirement is not satisfied, the
remaining data links are selected for transmitting the data
between the plurality of base stations 302a, 302b, 302c and
the plurality of mobile stations 304a, 304b, 304c. The
remaining data links include the data link which has the
predetermined value assigned to its power before the predetermined requirement is fonnd not to be satisfied.
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In short, a subset of data links for transmitting the data
between the plurality of base stations 302a, 302b, 302c and
the plurality of mobile stations 304a, 304b, 304c is selected
such that a predetermined requirement is satisfied. The
selected subset may include data links having rankings
including the highest ranking or both the highest ranking and
one or more rankings selected in a descending order from the
highest ranking.
After the subset of data links for transmitting the data
between the plurality of base stations 302a, 302b, 302c and
the plurality of mobile stations 304a, 304b, 304c is selected,
the central scheduler 320 then transmits the information
regarding the selected data links to the base stations 302a,
302b, 302c as illustrated in FIG. 4.
The above described method is illustrated in a flowchart
500 shown in FIG. 5. At 502, it is checked if the signal to
interference-plus-noise ratio constraint requirement and the
power constraint requirement are feasible under full cooperation. In other words, it is checked if the predetermined
requirement is satisfied when all the base stations cooperate
to transmit data to the plurality ofmobile stations (i.e. all the
base stations have data for all the mobile stations). If the
signal to interference-plus-noise ratio constraint requirement
and the power constraint requirement are not feasible under
full cooperation, link adaptation may be carried out at 504.
Link adaptation may be carried out when the cooperative
transmission of the plurality of the base stations to the
mobile stations cannot meet the desired SINR requirements
for the mobile stations. As such, link adaption may be
carried out to lower the SINR requirement or to reduce the
number of users (e.g. the number of mobile stations).
If the signal to interference-plus-noise ratio constraint
requirement and the power constraint requirement are feasible under full cooperation, the signal to leakage ratio for
each data stream/data link between the plurality of base
stations and the plurality of mobile stations is calculated at
506. At 508, the data streams/data links are arranged according to the signal to leakage ratio values from the lowest to
the highest. At 510, the power of the data stream/data link
having the lowest signal to leakage ratio value is set to zero.
At 512, it is checked if the signal to interference-plus-noise
ratio constraint requirement and the power constraint
requirement are still feasible.
If the signal to interference-plus-noise ratio constraint
requirement and the power constraint requirement are still
feasible, the processes at 510 and 512 are repeated until the
signal to interference-plus-noise ratio constraint requirement
and the power constraint requirement are found to be not
feasible. When the signal to interference-plus-noise ratio
constraint requirement and the power constraint requirement
are not feasible, the remaining data links are selected for
transmitting data between the plurality of base stations and
the plurality of mobile stations. The selected data links
include the data link which has its power set to zero before
the signal to interference-plus-noise ratio constraint requirement and the power constraint requirement are found to be
not feasible.
Another exemplary method may be a method based on a
channel strength of the data links. The channel strength for

For simplicity of illustration, only three base stations
(BSs) 302a, 302b, 302c and only three mobile stations
(MSs) 304a, 304b, 304c are shown in FIG. 3. Different
number of base stations and mobile stations may be used in
other embodiments. Examples of base stations include LTE
Base Station Transceiver or eNode-B.
The central scheduler 320 assumes that all the BSs 302a,
302b, 302c can cooperate. In other words, all the BSs 302a,
302b, 302c have all data for the mobile stations (MSs) 304a,
304b, 304c. In one embodiment, the channel state information may include information of the data links between the
plurality of base stations 302a, 302b, 302c and the plurality
of mobile stations 304a, 304b, 304c. The information of the
data links may include power allocated to each data link. The
information of the data links may further include a beamforming vector of each data link.
The central scheduler 320 solves the following convex
optimization problem:

a {i, j}-th data link is defined as hithij'
All the cooperating base stations (BSs) 302a, 302b, 302c
send the channel state information (CSI) to a central scheduler 320 as illustrated in FIG. 3. In one embodiment, the
central scheduler 320 may be the base station 302b. In
another embodiment, the central scheduler 320 may be a
separate unit.
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where SINRi is the SINR of the ith mobile station, Yi is the
SINR requirement of the ith mobile station, Pij is the power
allocation for the data link between the jth base station and
the ith mobile station, and Pj is the total transmit power
constraint for the jth base station.
If Pij and Wij that can satisfY a predetermined requirement
can be found, it means that the predetermined requirement
can be satisfied by the cooperating BSs. In one embodiment,
the predetermined requirement includes a SINR constraint
requirement, SINRi 2:Yi' The predetermined requirement further includes a power constraint requirement (e.g. a Per-BS
power constraint),
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In one embodiment, the predetermined requirement is
satisfied when a signal to interference-plus-noise ratio of
each mobile station is greater than or equal to a predefined
signal to interference-plus-noise ratio of the mobile station
(e.g. SINR constraint requirement) and when a sum of the
power allocated to the data links at each base station is
smaller than or equal to a predefined total power constraint
for the base station (e.g. power constraint requirement).
Then, a quality criterion, i.e. a channel strength, is calculated for each data link/data stream {i, j}. The data links
are ranked according to the channel strength. The data links
are ranked according to according to the values of the
channel strength. In one embodiment, the data links may be
sorted from the lowest value of the channel strength to the
highest value of the channel strength or vice versa.
A predetermined value is then assigned to the power Pij of
the data link having the lowest ranking (i.e. the lowest
channel strength). In one embodiment, the predetermined
value may be O. The data link is non-existent when the
power of the data link is O.
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The following feasibility problem may be checked using
the remaining data links:

608, the data streams/data links are arranged according to
the channel strength values from the lowest to the highest.
At 610, the power of the data stream/data link having the
lowest channel strength value is set to zero. At 612, it is
checked if the signal to interference-plus-noise ratio constraint requirement and the power constraint requirement are
still feasible.
If the signal to interference-plus-noise ratio constraint
requirement and the power constraint requirement are still
feasible, the processes at 610 and 612 are repeated until the
signal to interference-plus-noise ratio constraint requirement
and the power constraint requirement are found to be not
feasible. When the signal to interference-plus-noise ratio
constraint requirement and the power constraint requirement
are not feasible, the remaining data links are selected for
transmitting data between the plurality of base stations and
the plurality of mobile stations. The selected data links
include the data link which has its power set to zero before
the signal to interference-plus-noise ratio constraint requirement and the power constraint requirement are found to be
not feasible.
The process of the above described methods can be
carried out for one mobile station or a plurality of mobile
stations. In the event that the process is carried out for a
plurality of mobile stations, the process can be carried out
for all the mobile stations 304a, 304b, 304c at the same time.
For example, the process 510 to 512 or the process 610 to
612 is carried out for all the mobile stations 304a, 304b,
304c at the same time based on the links between the base
stations 302a, 302b, 302c and the mobile stations 304a,
304b, 304c. One link refers to transmission/channel between
one base station and one mobile station. Therefore, there are
a maximum number of nine links for the exemplary system
as illustrated in FIG. 3.
By determining the subset of data links for transmitting
data to the respective mobile stations, the cooperating base
stations for transmitting data to all the mobile stations may
also be determined.
The two exemplary methods described above may be low
complexity methods for minimizing the number of cooperating BSs subject to certain SINR and power constraints.
The methods may be heuristic, but work well in practice.
For base stations with multiple antennas, the methods
described above decide both the beamforming vectors and
the power allocation at the same time.
In one embodiment, an Information Exchange Mechanism is described as follows. A set of base stations feedback
the charmel state information (CSI) to a central scheduler.
The central scheduler checks if the QoS requirements can be
satisfied if the data for all the users are available on all the
base stations. The central scheduler removes one of the data
streams based on certain predetermined criterion and recheck if the QoS requirement can still be satisfied. The
central scheduler repeats the process of removing one of the
data streams based on certain predetermined criterion and
re-checking if the QoS requirement can still be satisfied until
it is infeasible to satisfY the QoS requirement. The central
scheduler informs the base stations to exchange the data
according to the remaining data streams in the calculation.
FIG. 7 shows a simulation setup 700. The cell radius is
about 288.67 m. The neighboring base station distance is
about 0.5 km. Each BS has 2 antennas, and each mobile
station has I antenna. The power at each BS is about 30 dBm
(1 W), and the antenna gain is about 5 dB. The SINR
requirement Yi is about 20 dB. The noise variance (including
noise figure) at each MS is about 4xlO- 13 W. The path loss
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The feasibility problem in equation (7) may be checked to
determine if the predetermined requirement is still satisfied.
If Pij and Wij that can satisfY the predetermined requirement
can be found, it means that the predetermined requirement
can be satisfied. When it is determined that the predetermined requirement is satisfied, the predetermined value is
assigned to power of the data link having the next lowest
ranking and it is further determined if the predetermined
requirement can still be satisfied.
The steps may be repeated, and within this process of
removing data links, Vi, at least one Pij must be kept greater
than zero. The steps may be repeated until the predetermined
requirement is not satisfied.
When the predetermined requirement is not satisfied, the
remaining data links are selected for transmitting the data
between the plurality of base stations 302a, 302b, 302c and
the plurality of mobile stations 304a, 304b, 304c. The
remaining data links include the data link which has the
predetermined value assigned to its power before the predetermined requirement is found not to be satisfied.
In short, a subset of data links for transmitting the data
between the plurality of base stations 302a, 302b, 302c and
the plurality of mobile stations 304a, 304b, 304c is selected
such that a predetermined requirement is satisfied. The
selected subset may include data links having rankings
including the highest ranking or both the highest ranking and
one or more rankings selected in a descending order from the
highest ranking.
After the subset of data links for transmitting the data
between the plurality of base stations 302a, 302b, 302c and
the plurality of mobile stations 304a, 304b, 304c is selected,
the central scheduler 320 then transmits the information
regarding the selected data links to the base stations 302a,
302b, 302c as illustrated in FIG. 4.
The above described method is illustrated in a flowchart
600 shown in FIG. 6. At 602, it is checked if the signal to
interference-plus-noise ratio constraint requirement and the
power constraint requirement are feasible under full cooperation. In other words, it is checked if the predetermined
requirement is satisfied when all the base stations cooperate
to transmit data to the plurality ofmobile stations (i.e. all the
base stations have data for all the mobile stations). If the
signal to interference-plus-noise ratio constraint requirement
and the power constraint requirement are not feasible under
full cooperation, link adaptation may be carried out at 604.
Link adaptation may be carried out when the cooperative
transmission of the plurality of the base stations to the
mobile stations carmot meet the desired SINR requirements
for the mobile stations. As such, link adaption may be
carried out to lower the SINR requirement or to reduce the
number of users (e.g. the number of mobile stations).
If the signal to interference-plus-noise ratio constraint
requirement and the power constraint requirement are feasible under full cooperation, the channel strength for each
data stream/data link between the plurality of base stations
and the plurality of mobile stations is calculated at 606. At
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model in dB is 128+37.6·loglQ(d), where d is in km. The
lognormal shadowing is about 10 dB.
50 user locations are chosen randomly in the hexagon
702. 100 channel realizations are performed for each user
location. For each channel realization, 3 base stations cooperate is considered to transmit to 3 mobile stations.
FIG. 8a shows a graph 800 illustrating a distribution of
different numbers of remaining data links for a signal to
leakage (SLR) based clustering method. A simulation of
5000 runs is carried out for the SLR based clustering
method. Graph 800 shows that there are about 980 occurrences of 3 remaining data links, about 940 occurrences of
4 remaining data links, about 1150 occurrences of 5 remaining data links, about 940 occurrences of 6 remaining data
links, about 600 occurrences of7 remaining data links, about
300 occurrences of 8 remaining data links, and about 100
occurrences of 9 remaining data links.
FIG. 8b shows a graph 850 illustrating a distribution of
different numbers of remaining data links for a channel
strength based clustering method. A simulation of 5000 runs
is carried out for the channel strength based clustering
method. Graph 850 shows that there are about 880 occurrences of 3 remaining data links, about 920 occurrences of
4 remaining data links, about 1280 occurrences of 5 remaining data links, about 1040 occurrences of 6 remaining data
links, about 560 occurrences of7 remaining data links, about
230 occurrences of 8 remaining data links, and about 90
occurrences of 9 remaining data links.
FIG. 9a shows a graph 900 illustrating a distribution of
different transmit powers of the base stations for a signal to
leakage (SLR) based clustering method. A simulation of
5000 runs is carried out for the SLR based clustering
method. Graph 900 shows that there are about 660 occurrences of 0.5 transmit power, about 810 occurrences of 1.0
transmit power, about 510 occurrences of 1.5 transmit
power, about 470 occurrences of 2.0 transmit power, and
about 220 occurrences of 2.5 transmit power. The values of
the transmit power on the x-axis of graph 900 are obtained
using a linear scale and are normalized with respect to a
transmission power at 46 dBm (i.e. 39.81 Watt).
FIG. 9b shows a graph 950 illustrating a distribution of
different transmit powers of the base stations for a channel
strength based clustering method. A simulation of 5000 runs
is carried out for the channel strength based clustering
method. Graph 950 shows that there are about 900 occurrences of 0.5 transmit power, about 850 occurrences of 1.0
transmit power, about 450 occurrences of 1.5 transmit
power, about 300 occurrences of 2.0 transmit power, and
about 100 occurrences of 2.5 transmit power. The values of
the transmit power on the x-axis of graph 950 are obtained
using a linear scale and are normalized with respect to a
transmission power at 46 dBm (i.e. 39.81 Watt).
The methods as described above may provide a scheme
for determining the cooperation base stations subject to the
given signal to interference-plus-noise ratio (SINR) requirements in cellular downlinks with an objective to minimize
the backhaul data exchange between cooperating base stations.
The methods as described above may choose the clustering base stations that minimize the cooperating costs for a
given set of mobile stations subject to the given SINR (QoS)
requirements in the cellular downlink.
The methods as described above may be dynamic clustering methods for base station cooperation. The methods as
described above may include an interference coordination
mechanism. The methods as described above can maximize
the sparsity of the data allocation matrix, determine the

beamforming vectors, the power allocation at e-NodeBs
(eNBs) and cooperating eNBs at the same time, and optimize the transmit power and beamforming vectors at the
same time. Further, the methods as described above may
require no user data in the process of determining the
clustering sets, beamforming vectors and transmit power at
eNBs.
While embodiments of the invention have been particularly shown and described with reference to specific embodiments' it should be nnderstood by those skilled in the art that
various changes in form and detail may be made therein
without departing from the spirit and scope of the invention
as defined by the appended claims. The scope of the invention is thus indicated by the appended claims and all changes
which come within the meaning and range of equivalency of
the claims are therefore intended to be embraced.
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What is claimed is:
1. A method of transmitting data between a plurality of
base stations and a plurality of mobile stations, the method
comprising:
ranking data links between the plurality of base stations
and the plurality of mobile stations according to a
quality criterion; and
selecting a subset of data links for transmitting the data
between the plurality of base stations and the plurality
of mobile stations such that a predetermined requirement is satisfied, wherein the selected subset comprises
data links having rankings comprising the highest ranking or both the highest ranking and one or more
rankings selected in a descending order from the highest ranking;
wherein selecting the subset of data links comprises:
assigning a predetermined value to power of the data
link having the lowest ranking of the parameter and
determining if the predetermined requirement is satisfied;
if it is determined that the predetermined requirement is
satisfied, assigning the predetermined value to power
of the data link having the next lowest ranking and
further determining if the predetermined requirement
is satisfied; and
if it is determined that the predetermined requirement is
not satisfied, selecting the remaining data links for
transmitting the data between the plurality of base
stations and the plurality of mobile stations,
wherein the predetermined requirement comprises a
signal to interference-plus-noise ratio constraint
requirement and a power constraint requirement, and
wherein the predetermined requirement is satisfied
when a signal to interference-plus-noise ratio of each
mobile station is greater than or equal to a predefined
signal to interference-plus-noise ratio of the mobile
station and when a sum of the power allocated to the
data links at each base station is smaller than or equal
to a predefined total power constraint of the base
station.
2. The method of claim 1, wherein the predetermined
value is zero.
3. The method of claim 1, wherein ranking the data links
according to a quality criterion comprises:
calculating a value of the quality criterion for each data
link; and
ranking the data links according to the values of the
quality criterion.
4. The method of claim 1, wherein the quality criterion
comprises a signal-to-Ieakage ratio of the data link.
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5. The method of claim 1, wherein the quality criterion
comprises a channel strength of the data linle
6. The method of claim 1, further comprising:
determining if the predetermined requirement is satisfied
based on information of the data links between the
plurality of base stations and the plurality of mobile
stations before the data links are ranked according to a
quality criterion.
7. The method of claim 6, wherein the information of the
data links comprises power allocated to each data link.
8. The method of claim 6, wherein the information of the
data links further comprises a beamforming vector of each
data link.
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