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(57) Abstract: The invention relates to a method of evaluating a virtual MIMO system's quality of a first group of mobile devices

in a base station of a mobile communication system. The mobile communication system further comprises a plurality of mobile

& devices coupled to the base station, the base station is adapted for receiving uplink channel estimation coefficients of each mobile
& device of the plurality of mobile devices. The method comprises the steps of: selecting at least a first and second mobile device
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of the plurality of mobile devices; obtaining a first factor by calculating an inverse correlation between a first and a second vector;
obtaining a second factor, the second factor being descriptive of an average receive power ratio between the first and second mobile
devices; calculating the quality value of the virtual MIMO by combining the first factor and the second factor using an arithmetic
operation, the quality value being descriptive of the virtual MIMO system's quality between the first and second mobile devices.
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Technical field

The invention relates to a virtual MIMO system in a mobile communication system and
more particularly without limitation to a method of evaluating a virtual MIMO system’s
quality and to a base station.
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Background and related art

In radio technologies, multiple input and multiple output or MIMO defines the use of
multiple antennas at the transmitter and receiver in order to improve the communication
performance. Further, it increases the data throughput and link range without additional
bandwidth or transmit power. One of the main functions of MIMO is the spatial
multiplexing that splits a high rate signal into multiple lower rate streams, transmitting
each stream from a different transmit antenna in the same frequency channel. A MIMO
channel can be modeled as having several transmit streams to go through a matrix
channel consisting of multiple paths between multiple transmit antennas at the
transmitter and multiple receive antennas at the receiver. The receiver gets the signals
by multiple receiver antennas and decodes the received signal vectors into the original

information.

A special type of MIMO is the so called virtual MIMO that allows a station to transmit or
receive signals to or from multiple users in a same band and time simultaneously, even
if the transmitter has a single antenna. By sharing the resources between two or more
transmitters or mobile devices, the sum throughput of the individual transmitters is
incremented. Typically for the uplink, or transmission from a mobile device to a base
station, pairs of users can be formed which transmit on the same resources forming the
virtual MIMO system. However, more than two users can also be used to form this

virtual MIMO system.

The characteristics and parameters of the channels between mobile devices and the
Base Station Antennas within the virtual MIMO system can be very different,
considerably impacting the performance and the quality of the virtual MIMO system that
they have formed. That is, pairs cannot be formed in an arbitrary way and therefore,
there is a need of an appropriate method for evaluating the quality of a pairing or a
group combination and to apply it in a virtual MIMO system in order to improve the total

cell throughput.
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Summary of the invention

The present invention provides a method of evaluating a virtual MIMO system’s quality
of a first group of mobile devices in a base station of a mobile communication system.
The mobile communication system further comprises a plurality of mobile devices
connected to the base station, the base station is adapted for estimating uplink channel
estimation coefficients of each mobile device of the plurality of mobile devices. The
method comprises the steps of: selecting at least a first and second mobile device of the
plurality of mobile devices; obtaining a first factor by calculating an inverse correlation
between a first and a second vector, the first vector containing at least a first and
second transfer function between the first mobile station and the first and second base
station antenna, the second vector containing third and forth transfer functions between
the second mobile station and the first and second base station antennas, respectively.

The transfer functions are obtained from the channel estimation coefficients.

The mobile communication system may comply with one of the standards such as
GSM, UMTS, IEEE 802.11, IEEE 802.16 or 3GPP LTE.

The method further comprises: obtaining a second factor by dividing a first
autocorrelation of the first vector by a second autocorrelation of the second vector. The
second factor is descriptive of the average receive power ratio between the first and
second mobile devices; and calculating the quality value of the virtual MIMO by
combining the first factor and the second factor using an arithmetic operation, the
quality value being descriptive of the virtual MIMO system’s quality between the first and
second mobile devices.

In accordance with an embodiment of the invention, the arithmetic operation is a
multiplication, wherein the base station further comprises linear receivers and wherein
the second autocorrelation is bigger than the first autocorrelation. The first factor
includes a first constant exponent and the second factor includes a second constant

exponent.
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One of the advantages of the embodiments of the invention is that it describes an
optimized method for grouping or pairing mobile devices that are active in a base
station. The method is based on the calculation of two factors that have a great impact
on the quality of the virtual MIMO system. These two factors are the inverse correlation
and the power balancing of the mobile devices that form the virtual MIMO system group.
Another advantage is that the calculation of the inverse correlation and the power
balancing between the mobile devices uses already available measurement as the
channel estimation, that is continuously updated at the base station. The base station

receives the information from every mobile device that is active within the cell.

In another aspect, the invention relates to a method of calculating a plurality of virtual
MIMO systems groups of mobile devices in a base station of a mobile communication
system. The mobile communication system further comprises a plurality of mobile
devices connected to the base station. The method comprises the steps of: obtaining a
plurality of group candidates, each group candidate comprises at least a first and a
second mobile device, the plurality of group candidates comprises all possible
combinations among the plurality of mobile devices; calculating a quality value for each
group candidate according to one of the embodiments of the invention; sorting the
plurality of group candidates according to the calculated quality value from a highest to
a lowest quality value; selecting the first group of mobile devices corresponding to the
highest quality value; and selecting at least a second group of mobile devices
corresponding to a second highest quality value, if the first and second mobile device of
the second group is not included on a previous group selection.

In accordance with an embodiment of the invention, the group candidates of the plurality
of mobile devices are selected according to a criteria, the criteria being: a signal to
interference plus noise ratio SINR threshold and/or scheduling priority of each mobile

device.

In accordance with another embodiment of the invention, the selection step of selecting
groups of mobile devices is repeated until a maximum number of mobile devices has

been grouped.
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In accordance with another embodiment of the invention, a discarded group of mobile
devices are excluded of the virtual MIMO system, wherein the discarded group contains
a second plurality of mobile devices not complying to the criteria and/or have not been
grouped.

Another advantage of the embodiments of the invention is that a plurality of mobile
devices, that are active in a cell of a base station, are grouped in a plurality of groups of
virtual MIMO systems, according to the best characteristics and parameters that
optimizes the performance of the virtual MIMO system. The embodiment of the
invention calculates the quality value for each possible combination of groups or pairs
within a cell of a base station, obtaining the best pairs that offer the highest quality
values to form the virtual MIMO system.

In order to reduce the complexity and the calculation time, a criteria may be used to
reduce the number of mobile devices to be included in the calculation. This criteria can
be based on the signal to noise ratio SNIR of each mobile device and/or the priority of
the mobile devices, including the mobile devices that comply with these criteria,
whereas the rest of the mobile devices will continue transmitting and communicating
with the base station without sharing resources. In that way, the possible combinations
of the virtual MIMO systems groups contain only mobile devices with a higher
probability of obtaining a good performance within a virtual MIMO system group. After
all possible combinations and their quality values have been calculated, the groups are
sorted based on the quality value, and the virtual MIMO system groups are created,
starting from the group with the highest quality value until no more groups can be
formed. Each mobile device may be part of only one virtual MIMO system group and, in
the case that they are mobile devices that cannot be grouped, they will continue
communicating with the base station in the same way as the mobile devices that do not

fulfill the criteria.

In another aspect, the invention relates to a base station of a mobile communication
system for calculating a plurality of virtual MIMO systems groups of mobile devices, the
mobile communication system further comprising a plurality of mobile devices
connected to the base station, the base station being adapted for receiving uplink

channel estimation coefficients of each mobile device of the plurality of mobile devices.



WO 2009/083376 PCT/EP2008/066785
6

The base station comprises: means for selecting at least a first and second mobile
device of the plurality of mobile devices and the first group of mobile devices; means for
obtaining a first factor by calculating an inverse correlation between a first and a second
vector, the first vector containing at least a first and second transfer functions between
the first mobile station and the first and second base station antenna, the second vector
containing third and forth transfer functions between the second mobile station and the
first and second base station antennas, and the transfer functions are obtained from the
channel estimation coefficients.

The method further comprises means for obtaining a second factor by dividing a first
autocorrelation of the first vector by a second autocorrelation of the second vector, the
second vector being descriptive of an average received power between the first and
second mobile device; and means for calculating the quality value of the virtual MIMO
by combining the first vector and the second vector using an arithmetic operation, the
quality value being descriptive of the virtual MIMO system’s quality between the first and
second mobile device.

In accordance with an embodiment of the invention, the base station further comprises:
means for obtaining a plurality of group candidates of mobile devices, each group
candidate comprising at least a first and a second mobile device; means for calculating
a quality value for each group candidate according to one of the embodiments of the
invention. The method further comprises means for sorting the plurality of group
candidates according to the calculated quality value from a highest to a lowest quality
value; and means for selecting the first group of mobile devices corresponding to the
highest quality value; means for selecting at least a second group of mobile devices
corresponding to a second highest quality value if the first and second mobile device is

not included on a previous group selection.

In accordance with an embodiment of the invention in the base station, the arithmetic
operation is a multiplication, wherein the base station further comprises linear receivers,
wherein the second autocorrelation is bigger than the first autocorrelation, wherein the
first factor includes the first constant exponent and the second factor includes a second

constant exponent.
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Brief description of the drawings

In the following preferred embodiments of the invention will be described in greater

detail by way of example only making reference to the drawings in which:

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

is a block diagram of a step of calculating a plurality of virtual MIMO

systems groups,

is a block diagram of a plurality of group candidates for the virtual MIMO
system,

is a block diagram of the calculation of the quality value for each group
candidate,

is a block diagram of a selection of groups of mobile devices for the
virtual MIMO system,

is a flowchart of an embodiment of the invention,

is a second flowchart of another embodiment of the invention,

is a block diagram of a base station according to an embodiment of the

invention.

Detailed description

Fig. 1 shows a block diagram of a mobile communication system 100 comprising a

plurality of mobile stations 101, a base station 102 and a first and second base station

antenna 103 and 104. The plurality of mobile stations 101 are active and coupled to the

base station 102. The base station 102 periodically receives from each mobile device

pilot symbols, that are used to obtain or update the channel estimation coefficients.

If a base station 102 requires to increase the throughput or the capacity of transmission

of the whole cell, a virtual MIMO system can be used in order to share the resources of
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two or more mobile devices. In order to do so, the base station 102 requires to evaluate
and calculate the best possible group combination or pairing for each mobile device that
is active within the cell of the base station 102. The first step to calculate a plurality of
virtual MIMO systems groups is to discard all mobile devices that do not fulfill the criteria
of a virtual MIMO system. The criteria can be, for example, the signal to noise ratio
SINR or a previously determined mobile device priority. In the mobile communication
system 100, there are a group of mobile devices 105 that do not fulfill these criteria and
are not taken into account when calculating the best virtual MIMO systems groups. A
second group of mobile devices 106 are selected as candidates to be evaluated as

potential virtual MIMO system groups.

Fig. 2 shows a block diagram with the step of calculating a plurality of virtual MIMO
systems groups within a mobile communication system 100. The calculation is made in
the base station 102, that further comprises first and second base station antennas 103,
104, and is completed for all the group of mobile devices 106. After the mobile devices
that complies with the criteria to be candidates of the virtual MIMO system have been
selected, a plurality of group candidates is obtained. Each group candidate is formed of
a first and a second mobile device and the group candidate comprises all possible
combinations among the group of mobile devices 106. For example, a first group
candidate 201 is formed of the mobile devices 202 and 203. At the same time, mobile
device 202 is also grouped into the group candidate 204, that is formed by mobile
device 202 and 205. This group combination is repeated for all mobile devices that are
candidates to be part of a virtual MIMO system.

Fig. 3 illustrates a block diagram of a step of calculating a plurality of virtual MIMO
systems within a mobile communication system 100, the mobile communication system
100 further comprising base station 102 and base station antennas 103 and 104. The
mobile communication system 100 further comprises all mobile devices that have not
been previously discarded 106 and the discarded group of mobile devices 105. The fig.

3 represents the plurality of combinations of the mobile devices.

In a further step for calculating a plurality of virtual MIMO systems groups, a quality
value for each group candidate is calculated. This quality value weights and defines

what are the group candidates with the highest quality value to be grouped in a virtual
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MIMO system. In order to make a calculation of the virtual MIMO system’s quality value

a first factor is obtained by calculating the inverse correlation between a first (h, ,) and
second vector (h, ), the first vector containing a first and second transfer function (4, ,
h,,) between the first mobile station (numbered in the first subindex of the transfer

functions) 203 and a first and second base station antenna 103 and 104 (numbered in
the second subindex of the transfer functions). The second vector contains the transfer

functions (#,,, 4,,,)between the second mobile station 302 (numbered in the first

subindex of the transfer functions) and the base station antennas 103 and 104
(numbered in the second subindex of the transfer functions). These transfer functions
are obtained from the channel estimation coefficients from the mobile devices 203 and
302 and received by the base station 102. The first and second vectors (1) and the first

factor A calculation (2) may be represented using the following formulas:

i,n hl,l,n hl,z,n ' = '————1
h = (1) FirstFactor(4) = —; (2),
hz " hz,],n kZ,Z,n h ‘h H
z : 1,n 2,n

n=1

wherein the n represents the subcarrier number of the calculation, that can be more
than one for multi-carrier systems as e.g. OFDM. The formula (2) further represents an
average over N subcarriers. The use of the average value is only needed for multi-
carrier systems. If needed, the calculation of the First Factor (A) may be normalized on

average receive power, resulting in the following formula:

1 N - 1 N -
Y>h, b, + /2;112,,, h,,

FirstFactor(A4) = —=

(3)

Then, a second factor is obtained by dividing a first autocorrelation of the first vector by
a second autocorrelation of the second vector, wherein the second autocorrelation is
bigger than the first autocorrelation. The second factor is descriptive of an average
receive power ratio between the first and the second mobile device and is represented

as.
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( N "

Zhl,n h]n N " N u

n=1 , .
SecondFactor(B) = {X " ’Z_;hz,n h,, >Z;hl,n h,, , (4)

Zhl,n 'h2n " "

n=1

L

wherein H is the conjugated transpose of the vector.
Finally the quality value of the virtual MIMO is calculated by combining the first and the
second factor using an arithmetic operation depending on the type of receivers in the
base station. If the base station 102 includes linear receivers, then the arithmetic
operation is a multiplication and the first and the second factor includes a first constant
exponent (a) and the second factor exponent (B), respectively. The quality value may be
represented as:

QualityValue = A* - B* (5),
wherein the A represents the first factor and B represents the second factor.
This calculation of the quality value is repeated for all the group candidates that have
been previously selected. As an example, the group candidate 202 has a quality value
of 0,9 and the group candidate 204 has a quality value of 0,91. Then, the plurality of
group candidates are sorted based on the calculated quality value from the highest to a
lowest quality value, in order to recognize the group candidates that form the best virtual
MIMO systems in fig. 3, the best group candidate is 303 and the second biggest quality
value is 304. The first group with the highest quality value 303 forms the first virtual
MIMO group. The second virtual MIMO group is the second highest quality value group
that does not contain a mobile device that has been previously grouped on a virtual
MIMO group. In the case of fig. 3, the second highest quality value 304 is formed from
mobile device 302, that already forms part of the first virtual MIMO group. Therefore, the
second highest quality value 304 cannot be taken into account and the next highest
quality value 305 is the next value that will point to the formation of the second virtual
MIMO system. This process is repeated for all the subsequent group candidates until no
more grouping or pairing is possible.

Fig. 4 shows a block diagram of the step of calculating a plurality of virtual MIMO
systems groups of a mobile communication system 100 that further comprises a base
station 102, base station antennas 103 and 104 and the selected virtual MIMO groups
401, 402 and 403 after they were selected in the step described in fig. 3. The fig. 4 also
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shows the group of the discarded mobile devices 105 and three further mobile devices
that were not grouped into any virtual MIMO group 404, 405 and 406. These three
mobile devices 404-406 were not grouped, as the quality values they obtained in their
respective group candidates were 0,6 and 0,49, below the minimum quality value
criteria of 0,61.

In certain situations the mobile device can not be further grouped, if there are no other
devices available. If for example the minimum candidate criteria is 0,5, then the further
virtual MIMO group can be formed by the mobile devices 405 and 406, but the mobile
device 404 can not form any other group as all other mobile devices are already
grouped. In this case, the mobile device 404 forms part of the discarded group of mobile
devices without any pairing to form a virtual MIMO group. The rest of the mobile devices
that form a virtual MIMO group start sharing the resources, including the frequency
allocation, in order to increase the total throughput of transmission from the mobile
devices to the base station 102.

Fig. 5 represents a flowchart of a method of evaluating a virtual MIMO system’s quality
of a group of mobile devices in the base station of a mobile communication system. The
base station is adapted for receiving uplink channel estimation coefficients of each
mobile device. The first step 501 selects a first and a second mobile device of the
plurality of mobile devices. The second step 502 obtains a first factor by calculating an
inverse correlation between a first and a second vector, the first and second vector
containing transfer functions between the first and second mobile station and the first
and second base station antenna, the transfer function being obtained from the channel
estimation coefficients. The third step 503 obtains a second factor by dividing a first
autocorrelation of the first vector by a second autocorrelation of the second vector, the
second vector being descriptive of an average received power between the first and
second mobile device. In a fourth step 504, the quality value of the virtual MIMO is
calculated by combining the first and the second factor using an arithmetic operation.
This quality value is descriptive of the virtual MIMO system’s quality between the first

and the second mobile device.

Fig. 6 shows a flowchart of an embodiment of the invention of a method of calculating a

plurality of virtual MIMO systems groups of mobile devices in a base station of a mobile
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communication system. The mobile communication system comprising a plurality of
mobile devices coupled to the base station. The method comprises a first step 601 that
obtains a plurality of group candidates, each group candidate comprising at least a first
and second mobile device and a plurality of group candidates comprising a possible
combination among a plurality of mobile devices. The second step 602 calculates a
quality value for each group candidate according to the flowchart in fig. 5. The third step
603 sorts a plurality of group candidates according to the calculated quality value from a
highest to a lowest quality value. The fourth step 604 selects the first group of mobile
devices corresponding to its quality value to form a first virtual MIMO group. The fifth
step 605 selects at least a second group of mobile devices corresponding to a second
highest quality value to form a second virtual MIMO group, these first and second
mobile devices cannot have been included on previous group selections. This step 605
is repeated until all maximum number of mobile devices has been grouped and there
are no further possibilities to form more virtual MIMO groups. Alternatively, a threshold
on the quality value can be set, so that if a group candidate is below this quality value
threshold, then the group candidates are not further regarded and are not able to form

virtual MIMO groups.

Fig. 7 shows base station 701 of a mobile communication system 100 further
comprising a plurality of mobile devices 708. The base station communicates with the
plurality of mobile devices 702 using any radio technology as GSM, UMTS, LTE from
3GPP. or WiMax from the 3GPP standard. The base station 701 further comprises a
first and second base station antenna 702 and 703 and the means for selecting 704 at
least the first and second mobile devices of the plurality of mobile devices as a first
group of mobile devices. The base station 700 further comprises means for obtaining a
first factor 705 by calculating an inverse correlation between first and second vector;
means for obtaining a second factor 706 by dividing a first autocorrelation of the first
vector by second autocorrelation of the second vector, the second vector being
descriptive of an average receive power ratio between the first and second mobile
device; and means for calculating 707 the quality value of the virtual MIMO by
combining the first and second factor using an arithmetic operation, the quality value
being descriptive of the virtual MIMO system’s quality between the first and second

mobile device.
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105 | Discarded mobile devices
106 | Plurality of candidates of mobile devices
201 | First candidate group
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205 | Third mobile device

301 | First mobile device

302 | Second mobile device

303 | Highest quality value

304 | Second highest quality value
305 | Third highest quality value
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502 | Second step

503 | Third step

504 | Fourth step
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602 | Second step

603 | Third step

604 | Fourth step

605 | Fifth step

701 | Base station

702 | First base station antenna
703 | Second base station antenna
704 | Means for selecting
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Claims

1. A method of evaluating a virtual MIMO system’s quality of a group of mobile
devices in a base station (102) of a mobile communications system (100), said
mobile communication system (100) further comprising a plurality of mobile devices
(101) coupled to said base station (102), said base station (102) being adapted for
estimating uplink channel estimation coefficients of each mobile device of said

plurality of mobile devices (101), said method comprising the steps of:

- selecting at least a first (202) and second mobile device (203) of said plurality of
mobile devices (101);

- obtaining a first factor by calculating an inverse correlation between a first and a
second vector, said first vector containing at least a first and second transfer
functions between said first mobile device and a first (103) and second base
station antennas (104), said second vector containing at least third and forth
transfer functions between said second mobile device (203) and said first and
second base station antennas (103-104), said transfer functions obtained from

said channel estimation coefficients;

- obtaining a second factor by dividing a first autocorrelation of said first vector by
a second autocorrelation of said second vector, said second factor being
descriptive of an average receive power between said first and second mobile
device (202-203);

- calculating said quality value of said virtual MIMO by combining said first factor
and said second factor using an arithmetic operation, said quality value being
descriptive of said virtual MIMO system’s quality between said first (202) and

second mobile device (203).

2. A method as in claim 1, wherein said arithmetic operation is a multiplication,

wherein said second autocorrelation is bigger than said first autocorrelation,
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wherein said first factor includes a first constant exponent and said second factor
includes a second constant exponent.

A method of calculating a plurality of virtual MIMO system’s groups of mobile
devices in a base station (102) of a mobile communications system (100), said
mobile communication system (100) further comprises a plurality of mobile devices

(101) coupled to said base station (102), said method comprising the steps of:

- obtaining a plurality of group candidates (601), each group candidate comprising
at least a first (202) and a second mobile device (203), said plurality of group
candidates comprising all possible combinations among said plurality of mobile
devices (101);

- calculating a quality value for each group candidate (602) according to claim 1;

- sorting said plurality of group candidates (603) according to said calculated
quality value from a highest (303) to a lowest quality value;

- selecting a first group of mobile devices (604) corresponding to said highest
quality value (401) to form first virtual MIMO group;

- selecting at least a second group of mobile devices (605) corresponding to a
second highest quality value (402) to form a second virtual MIMO group, if said
first and second mobile device of said second group is not included on a previous
group selection.

A method as in claim 3, wherein said group candidates of said plurality of mobile
devices (101) are selected according to a criteria, said criteria being: a SINR

threshold and/or a scheduling priority of each mobile device.

A method as in claim 3, wherein said selection step of selecting a group of mobile

devices is repeated until a maximum number of mobile devices has been grouped.
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A method as in claim 4 or claim 5, a discarded group of mobile devices are
excluded of said virtual MIMO system, wherein said discarded group contains a
second plurality of mobile devices not complying said criteria or/and has not been
grouped.

A base station (701) of a mobile communications system (700) for calculating a
plurality of virtual MIMO system’s groups of mobile devices, said mobile
communication system (700) further comprising a plurality of mobile devices (708)
coupled to said base station (701), said base station (701) being adapted for
estimating uplink channel estimation coefficients of each mobile device of said
plurality of mobile devices (708), said base station (701) comprising:

- means for selecting (704) at least a first and second mobile device of said

plurality of mobile devices as a first group of mobile devices;

- means for obtaining a first factor (705) by calculating an inverse correlation
between a first and a second vector, said first vector containing at least a first
and second transfer functions between said first mobile device and a first (702)
and second base station antenna (703), said second vector containing at least
third and forth transfer functions between said second mobile device and said
first (702) and second base station antennas (703), said transfer functions

obtained from said channel estimation coefficients;

means for obtaining a second factor (706) by dividing a first autocorrelation of
said first vector by a second autocorrelation of said second vector, said second
factor being descriptive of an average receive power between said first and

second mobile device;

- means for calculating (707) said quality value of said virtual MIMO by combining
said first factor and said second factor using an arithmetic operation, said
quality value being descriptive of said virtual MIMO system’s quality between

said first and second mobile device.
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A base station as in claim 7 further comprising:
- means for obtaining a plurality of group candidates of mobile devices, each

group candidate comprising at least a first (202) and a second mobile device
(203);

- means for calculating a quality value for each group candidate according to
claim 1;

- sorting said plurality of group candidates according to said calculated quality
value from a highest (303) to a lowest quality value;

- means for selecting a first group of mobile devices corresponding to said
highest quality value (401),

- means for selecting at least a second group of mobile devices corresponding to
a second highest quality value (402) if said first and second mobile device is not
included on a previous group selection.

A base station as in claim 7, said arithmetic operation is a multiplication, wherein
said base station further comprises linear receivers, wherein said second
autocorrelation is bigger than said first autocorrelation, wherein said first factor
includes a first constant exponent and said second factor includes a second
constant exponent.

A base station as in claim 7, wherein said group candidates of said plurality of
mobile devices (101) are selected according to a criteria, said criteria being: a
SINR threshold and/or a scheduling priority of each mobile device.
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