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57 ABSTRACT

The present disclosure relates to user communication
devices and communication network devices, both arranged
to support grouping of user communication devices in a
communication network. One example user communication
device determines a neighbor user communication device set
comprising the user communication device and neighbor
user communication devices, and determines, by communi-
cating with the neighbor user communication devices of the
neighbor user communication device set via D2D commu-
nication, a user communication device group that the user
communication device joins. The communication network
device receives information on a plurality of user commu-
nication device groups, determined by user communication
devices in the communication network, and executes clus-
tering on the plurality of user communication device groups.
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DEVICES AND METHODS ARRANGED TO
SUPPORT USER COMMUNICATION DEVICE
GROUPING IN A COMMUNICATION
NETWORK

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/EP2016/075803, filed on Oct. 26,
2016, which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present application is directed to devices and
methods arranged to support grouping of communication
devices in a communication network for enhancing com-
munication in the communication network.

BACKGROUND

[0003] In MIMO (Multiple Input Multiple Output) sys-
tems, in particular, in massive MIMO systems, two-layer
precoding and user grouping or user communication device
grouping respectively are introduced to reduce instanta-
neous processing complexity, to improve handling of grow-
ing data traffic in communication network and, thus, to
enhance communication in the communication network.
However, to partition the users or their communication
devices respectively into groups, the user communication
devices need to feedback complete channel covariance
matrices to a communication network device such as the
base station (BS), which could induce a huge signaling
overhead as the matrix has a very large dimension. In
addition, the current user communication device grouping
algorithms need to compute over all covariance matrices of
the user communication devices, having large dimensions.
Hence, the computational complexity in the MIMO systems
is large and also increases with growing communication
traffic.

[0004] Current techniques perform user communication
device grouping at the BS based on a centralized processing
on all the channel covariance matrices of the user commu-
nication devices. However, the centralized processing has at
least the following three main disadvantages. First, a huge
signaling overhead is induced, because in frequency-divi-
sion-duplex (FDD) systems, user communication devices
need to feedback the complete or full covariance matrices,
which have quite a lot of elements due to the large number
of transmit antennas in massive MIMO systems. The second
disadvantage is founded on the large dimensions of the
covariance matrices. The processing of all covariance matri-
ces having large dimensions is complex, requires large
number of processing resources, and is slow. This makes it
difficult to manage a large number of user communication
devices. In the age of communication technology, however,
the number of user communication devices communicating
with each other grows rapidly. Third, the algorithms under
the existing mechanisms suffer from poor local optimum,
since they fail to exploit the proximity (geographic) infor-
mation from the user communication devices and conse-
quently suffer from bad initial points to the algorithm
iteration.

[0005] Therefore, there is a growing need for methods and
devices that allow the reduction of both the signaling
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overhead and the computational complexity at the commu-
nication network devices such as BS, while maintaining
similar sum rate performance of the system.

SUMMARY

[0006] Consequently, the object of the present application
is to provide an improved user communication device
grouping in a communication network for enhancing com-
munication in the communication network. In particular, a
user communication device grouping is desired that over-
comes at least one of the above-mentioned drawbacks.

[0007] The object of the present application is achieved by
the solution provided in the enclosed independent claims.
Advantageous implementations of the present application
are further defined in the respective dependent claims, in the
present description, and/or in the appended figures.

[0008] The present application proposes a mechanism that
overcomes at least the above-mentioned drawbacks. The
present application suggests an execution of the user com-
munication device grouping in two phases. In the first phase,
user communication device groups are determined or gen-
erated by user communication devices to be grouped. The
user communication devices know their neighbors via
device-to-device (D2D) communication and, thus, are able
to execute a self-organized grouping in view of this neigh-
borhood knowledge. In the second phase, the communica-
tion network device executes clustering on the user com-
munication devices, determined or generated by the user
communication devices themselves in the first phase. Via the
clustering, two or more groups generated or determined by
the user communication devices may be joined together if
necessary or useful. Thus, groups of larger size are deter-
mined or generated in the second phase.

[0009] In this way, an efficient user communication device
grouping is executed. The above-listed drawbacks become
surmountable. According to the present application, signifi-
cantly lower feedback overhead arises. The amount of
computations at the communication network device is
reduced. Further, the performance in the communication
network in general is improved.

[0010] According to a first aspect, a user communication
device is provided, that is arranged to support grouping of
user communication devices in a communication network,
wherein the user communication device is configured to
communicate with further user communication devices in
the communication network via a device-to-device, D2D,
communication and is additionally configured to communi-
cate with the further user communication devices via a
communication network device, wherein the user commu-
nication device is configured to execute the following when
supporting the grouping of user communication devices in
the communication network: determining a neighbor user
communication device set comprising the user communica-
tion device and neighbor user communication devices,
which are arranged to communicate in the communication
network and which are adjacent to the user communication
device in the communication network; and determining, by
communicating with neighbor user communication devices
of the neighbor user communication device set via the D2D
communication, among user communication devices of the
neighbor user communication device set a user communi-
cation device group that the user communication device
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joins; wherein information on the user communication
device group is provided to the communication network
device.

[0011] In a first possible implementation according to the
first aspect, the user communication device is configured to
determine the user communication device group by analyz-
ing different possible groups among the user communication
devices of the neighbor user communication device set.

[0012] In a second possible implementation form accord-
ing to the first aspect as such or according to the first
implementation form of the first aspect, the user communi-
cation device is configured to acquire, for a possible group
of different possible groups among the user communication
devices of the neighbor user communication device set, an
outer precoder matrix of the possible group and to decide,
based on the outer precoder matrix of the possible group,
whether the user communication device will join the pos-
sible group.

[0013] In a third possible implementation form according
to the first aspect as such or according to the any of the
preceding implementation forms of the first aspect, the user
communication device is configured to determine, for a
possible group of different possible groups among the user
communication devices of the neighbor user communication
device set, a corresponding estimated ratio of received signal
energy of joining the possible group over a received signal
energy of staying ungrouped and to decide, based on the
corresponding estimated ratio, whether the user communi-
cation device will join the possible group.

[0014] In a fourth possible implementation form accord-
ing to the second or third implementation form of the first
aspect, the user communication device is configured to
determine the corresponding estimated ratio of received
signal energy of joining the respective possible group over
a received signal energy of staying ungrouped by use of the
outer precoder matrix of the possible group.

[0015] In a fifth possible implementation form according
to the third or fourth implementation form of the first aspect,
if the estimated ratio of received signal energy of joining the
possible group of different possible groups among the user
communication devices of the neighbor user communication
device set over a received signal energy of staying
ungrouped is greater than or equal to a predetermined
threshold, the user communication device is configured to
determine the possible group as the user communication
device group that the user communication device joins; and
if, for all different possible groups among the user commu-
nication devices of the neighbor user communication device
set, the respective estimated ratio of received signal energy
of joining the respective possible group over the received
signal energy of staying ungrouped is lower than the pre-
determined threshold, the user communication device is
configured to generate a new group as the user communi-
cation device group that the user communication device
joins.

[0016] In a sixth possible implementation form according
to any one of the third to fifth implementation forms of the
first aspect, the user communication device is configured to
determine the estimated ratio of received signal energy of
joining a possible group of different possible groups among
the user communication devices of the neighbor user com-
munication device set over the received signal energy of
staying ungrouped as follows:
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[0017] wherein m,(g) is the estimated ratio of received

signal energy of joining the respective possible group over
the received signal energy of staying ungrouped, g is the
respective possible group, k refers to the user communica-
tion device as the k-th user communication device of the
neighbor user communication device set, V, is an outer
precoder matrix of the respective possible group, VgH is a
Hermitian of the outer precoder matrix V,, R, is a covari-
ance matrix of a downlink channel between the user com-
munication device and the communication network device,
and @(R,, M) is a sum of largest M eigenvalues of the
covariance matrix R,, wherein M is an integer that is greater
than or equal to 1.

[0018] In a seventh possible implementation form accord-
ing to any one of the third to fifth implementation forms of
the first aspect, if user communication devices of a possible
group of different possible groups among the user commu-
nication devices of the neighbor user communication device
set is located in a cell of the communication network that is
different from the cell, in which the user communication
device is located, the user communication device is config-
ured to determine the estimated ratio of received signal
energy of joining the respective possible group of different
possible groups among the user communication devices of
the neighbor user communication device set over the
received signal energy of staying ungrouped as follows:

r{VE ROV, )

b, g) =
(b, g) @(R/ib)a )

[0019] wherein M (b,g) is the estimated ratio of received
signal energy of joining the respective possible group g in
the cell b, in which the user communication devices of the
respective possible group g are located, over the received
signal energy of staying ungrouped, k refers to the user
communication device as the k-th user communication
device of the neighbor user communication device set, V, .
is an outer precoder matrix of the respective possible group
in the cell b, V, 7 is a Hermitian of the outer precoder
matrix V,_, R,* is a covariance matrix of a downlink
channel between the user communication device and the
communication network device in the cell b, and (R, M)
is a sum of largest M eigenvalues of the covariance matrix
R,?, wherein M is an integer that is greater than or equal to
1.

[0020] In an eighth possible implementation form accord-
ing to the first aspect as such or according to the any of the
preceding implementation forms of the first aspect, after
joining the user communication device group, the user
communication device is configured to transmit its covari-
ance matrix to at least one user communication device of the
user communication device group.

[0021] In a ninth possible implementation form according
to the first aspect as such or according to the any of the
preceding implementation forms of the first aspect, the user
communication device is a group leader of the user com-
munication device group if the user communication device
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has, among the user communication devices of the user
communication device group, the best D2D connection and
the best uplink channel quality.

[0022] In a tenth possible implementation form according
to the first aspect as such or according to the any of the
preceding implementation forms of the first aspect, if the
user communication device is a group leader of the user
communication device group, the user communication
device is configured to transmit the information on the user
communication device group to the communication network
device.

[0023] In an eleventh possible implementation form
according to the first aspect as such or according to the any
of'the preceding implementation forms of the first aspect, the
information on the user communication device group com-
prises an group aggregate covariance matrix, in which
covariance matrixes of the user communication devices of
the user communication device group are aggregated,
wherein each covariance matrix is a covariance matrix of a
downlink channel between the respective user communica-
tion device of the user communication device group and the
communication network device.

[0024] In a twelfth possible implementation form accord-
ing to the eleventh implementation form of the first aspect,
The user communication device according to claim 12,
wherein the group aggregate covariance matrix is deter-
mined as follows:

- 1
Rg=—% Ry,
g |'11g| kewg k

[0025] wherein f{g is the group aggregate covariance
matrix, R, is a covariance matrix of a downlink channel
between the k-th user communication device of the user
communication device group and the communication net-
work device, and U, is the user communication device
group.

[0026] According to a second aspect, a method is provided
that is arranged to support grouping of user communication
devices in a communication network and arranged for
execution by a user communication device, wherein the user
communication device is configured to communicate with
further user communication devices in the communication
network via a device-to-device, D2D, communication and is
additionally configured to communicate with the further user
communication devices via a communication network
device, wherein the method comprises the following steps
for supporting the grouping of user communication devices
in the communication network: determining a neighbor user
communication device set comprising the user communica-
tion device and neighbor user communication devices,
which are arranged to communicate in the communication
network and which are adjacent to the user communication
device in the communication network; and determining, by
communicating with neighbor user communication devices
of the neighbor user communication device set via the D2D
communication, among user communication devices of the
neighbor user communication device set a user communi-
cation device group that the user communication device
joins; wherein information on the user communication
device group is provided to the communication network
device. In particular, the method reflects the actions
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executed by the user communication device as introduced
above and explained in more detail below.

[0027] According to a third aspect, a communication
network device is provided that is arranged to support
grouping of user communication devices in a communica-
tion network, wherein the communication network device is
configured to: receive information on a plurality of user
communication device groups, determined by user commu-
nication devices in the communication network; and execute
clustering on the plurality of user communication device
groups.

[0028] In a first possible implementation according to the
third aspect, the communication network device is config-
ured to join at least two user communication device groups
of the plurality of user communication device groups to one
user communication device group when executing the clus-
tering.

[0029] In a second possible implementation according to
the third aspect as such or according to the first possible
implementation of the third aspect, the communication
network device is configured to execute the clustering by
executing K-mans based algorithm or a graphical algorithm
on the plurality of user communication device groups.
[0030] In a third possible implementation form according
to the third aspect as such or according to the any of the
preceding implementation forms of the third aspect, the
communication network device is configured to receive for
each user communication device group of the plurality of
user communication device groups a corresponding infor-
mation on the respective user communication device group.
[0031] In a fourth possible implementation form accord-
ing to the third implementation form of the third aspect, the
communication network device is configured to receive the
corresponding information on the respective user commu-
nication device group from a user communication device of
the user communication device group.

[0032] In a fourth aspect, a method is provided that is
arranged to support grouping of user communication devices
in a communication network and arranged for execution by
a communication network device, wherein the method com-
prises the following steps: receiving information on a plu-
rality of user communication device groups, determined by
user communication devices in the communication network;
and executing clustering of the at least two user communi-
cation device groups. In particular, the method reflects the
actions executed by the communication network device as
introduced above and explained in more detail below.

BRIEF DESCRIPTION OF DRAWINGS

[0033] The above-described aspects and implementation
forms of the present application will be explained in the
following description of specific embodiments in relation to
the enclosed drawings, in which

[0034] FIG. 1 shows an exemplary implementation of
grouping user communication devices in a communication
network according to an embodiment of the present appli-
cation.

[0035] FIG. 2 shows an exemplary implementation of
grouping user communication devices in a communication
network according to an embodiment of the present appli-
cation.

[0036] FIG. 3 shows an exemplary arrangement of a user
communication device according to an embodiment of the
present application.
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[0037] FIG. 4 shows an exemplary arrangement of a
communication network device according to an embodiment
of the present application.

[0038] FIG. 5 shows steps executed to support grouping of
user communication devices in a communication network
according to an embodiment of the present application.
[0039] FIG. 6 shows steps executed to support grouping of
user communication devices in a communication network
according to an embodiment of the present application.
[0040] FIG. 7 shows exemplary a joining of two of the
plurality of the user communication device groups to one
user communication group according to an embodiment of
the present application.

DETAILED DESCRIPTION OF EMBODIMENTS

[0041] Generally, it has to be noted that all arrangements,
devices, modules, components, models, elements, units,
entities, and means and so forth described in the present
application could be implemented by software or hardware
elements or any kind of combination thereof. All steps which
are performed by the various entities described in the present
application as well as the functionality described to be
performed by the various entities are intended to mean that
the respective entity is adapted to or configured to perform
the respective steps and functionalities. Even if in the
following description of the specific embodiments, a specific
functionality or step to be performed by a general entity is
not reflected in the description of a specific detailed element
of the entity which performs the specific step or function-
ality, it should be clear for a skilled person that these
methods and functionalities can be implemented in respec-
tive hardware or software elements, or any kind of combi-
nation thereof. Further, the method of the present application
and its various steps are embodied in the functionalities of
the various described apparatus elements.

[0042] Moreover, any of the embodiments and features of
any of the embodiments, described herein, may be combined
with each other, unless a combination is explicitly excluded.
[0043] According to the present application, an efficient
way to exploit the proximity information to enhance the user
communication device grouping performance. The method
is built on device-to-device (D2D) communication among
user communication devices. Once the user communication
devices have discovered each other locally and are con-
nected via D2D, they exchange their channel covariance
matrices locally, based on which, initial local user grouping
is formed through a self-organization mechanism. Then, the
initial groups feedback the group covariance matrices to a
communication network device such as a base station (BS)
in per group basis, based on which, the communication
network device computes the final grouping.

[0044] In this way, by use of the present application, for
example, at least one of the following three advantages are
achieved. Firstly, a significantly lower feedback overhead
occurs since the covariance matrix feedback is on per group
basis after the user communication device initiated group-
ing. Secondly, the computational complexity at the commu-
nication network device is lowered and, thus, the efficiency
of the communication network device is increased, because
the initial groping is performed at the user communication
device side and the network communication device only
needs to perform a grand grouping treating of each group,
generated by user communication devices, and because the
user communication device initiated grouping provides a

Aug. 15,2019

good starting point to the grouping algorithm for faster
convergence. Thirdly, a better sum rate performance is
achieved, because proximity information is exploited by
user communication devices, wherein said proximity infor-
mation suggests that the user communication devices that
are close to each other should be considered to group
together. In addition, the grouping adapts finely to any
topology of user communication devices in the communi-
cation network.

[0045] User communication device grouping according to
the present application can be seen as being executed in two
phases. Phase I is executed more on the user communication
device side. In phase 1, a user communication device self-
organization is performed. This user communication device
self-organization is executed by the user communication
devices via D2D communications. This consists of the
following steps: (1) each user discovers a list of neighbors;
(2) each user communication device finds a neighbor user
communication device group to join. A user communication
device will determine a neighbor user communication
device group as a group to be joined if the group provides
the highest energy ratio (i.e., the estimated ratio of the
received signal energy of joining the group over the received
signal energy of staying ungrouped or of forming a group by
the user communication device itself, respectively). If the
maximum energy ratio to join an existing group is below a
threshold, the user communication device forms a new
group on itself. Further, a group leader is selected as the user
communication device that has the best D2D connection and
uplink channel quality. After a few iteration of the process,
the group leader feedbacks the group information (group
covariance matrix) to the communication network device
such as BS.

[0046] In Phase II, based on the user communication
device initiated grouping, the communication network
device (e.g. a base station, BS) further clusters the user
communication device groups into bigger user communica-
tion device groups. For this purpose, various known clus-
tering algorithms can be used. Such known clustering algo-
rithms comprise, for example, the K-means algorithm or
merge-and-split algorithms. However, also further appropri-
ate known clustering algorithms can be used.

[0047] Generally, two scenarios for executing the user
communication device grouping according to the present
application are possible. The two scenarios are exemplary
shown in FIGS. 1 and 2.

[0048] FIG. 1 shows an exemplary implementation of
grouping user communication devices 101 in a communi-
cation network according to an embodiment of the present
application. According to FIG. 1, a single cell of the com-
munication network is considered. In the cell of the com-
munication network one or more user communication
devices 101 and a communication network device 102 (e.g.,
a BS or eNodeB) are provided. The communication network
device 102 such as BS or eNodeB serves the cell of the
communication network and, thus, the one or more user
communication devices 101 in said cell.

[0049] According to the present embodiment, the commu-
nication network device 102 such as BS or eNodeB com-
prises a plurality of antennas. The communication among
the devices 101, 102 operates, for example, in a frequency-
division duplex (FDD) mode. Channel covariance matrices
of the user communication devices 101 are acquired at the
communication network device 102 such as BS or eNodeB
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via an explicit feedback from the user communication
devices 101. The user communication devices 101 are
configured to communicate with each other via the device-
to-device (D2D) communication. Further, the user commu-
nication devices are configured to communicate with each
other via the communication network device 102 such as BS
or eNodeB. The user communication devices 101 exploit,
for example, out-band D2D to establish reliable communi-
cation links between each other nearby to exchange data or
information, respectively. For example, the user communi-
cation devices 101 use one of the following technologies:
WiFi direct, Bluetooth, ZigBee, etc.

[0050] According to the present embodiment, the user
communication devices 101 execute a self-organization into
user communication device groups. In FIG. 1, two exem-
plary groups 103_1, 103_2 of user communication devices
101 are generated. The self-organization into the user com-
munication device groups 103_1, 103_2 is executed via a
D2D communication between the user communication
devices 101, which is indicated in FIG. 1 by the bidirectional
arrows between the user communication devices 101. Fur-
ther, within each of the groups 103_1, 103_2, a group leader
is selected who provides or feedbacks a respective group
information 104_1, 104_2 to the communication network
device 102 such as BS or eNodeB. The communication
network device 102 such as BS or eNodeB performs, then,
a global grouping based on the groups generated by the user
communication devices 101. As mentioned above, for this
purpose, various known clustering algorithms can be used.
Such known clustering algorithms comprise, for example,
the K-means algorithm or merge-and-split algorithms. How-
ever, also further appropriate known clustering algorithms
can be used.

[0051] FIG. 2 shows an exemplary implementation of
grouping user communication devices 101 in a communi-
cation network according to an embodiment of the present
application. The embodiment of FIG. 2 is similar to the
embodiment of FIG. 1. However, in FIG. 2, a multiple cell
situation is considered. According to FIG. 2, two cells of the
communication network are shown exemplary, wherein the
present application is not limited to the two-cell example.
Each one of the cells is served by a corresponding commu-
nication network device 102 such as BS or eNodeB. Thus,
each one of the user communication devices 101 is served by
a communication network device 102, which is located in
the same cell as the respective user communication device
101.

[0052] The communication network devices 102 such as
BS or eNodeB and the user communication devices 101 are
arranged, for example, as explained above with regard to the
embodiment of FIG. 1. For example, each one of the
communication network devices 102 comprises a plurality
of antennas. The communication among the devices 101,
102 operates, for example, in a frequency-division duplex
(FDD) mode. Channel covariance matrices of the user
communication devices 101 are acquired at the respective
communication network device 102 such as BS or eNodeB
via an explicit feedback from the user communication
devices 101. The user communication devices 101 are
configured to communicate with each other via the D2D
communication. Further, the user communication devices
101 are configured to communicate with each other via the
(serving) communication network device 102 such as BS or
eNodeB. The user communication devices 101 exploit, for
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example, out-band D2D to establish reliable communication
links between each other nearby to exchange data or infor-
mation, respectively. For example, the user communication
devices 101 use one of the following technologies: WiFi
direct, Bluetooth, ZigBee, etc.

[0053] Each of the communication network devices 102
such as BS or eNodeB is configured to divide the user
communication devices 101 into user communication device
groups 103_1, 103_2, 103_3. It is possible that, with proper
cell association and user communication device grouping,
the inter-cell interference can be mitigated using only chan-
nel statistics. However, a brute-force joint user communi-
cation device grouping and cell association may require
significantly signaling overhead to transmit the channel
covariance matrices to the radio resource management
(RRM) server and the computational complexity at the RRM
server is huge. The present application provides a method to
reduce the signaling overhead and simplify the grouping and
cell association complexity.

[0054] Similarly to the single cell case of FIG. 1, the
method of the multi-cell case of FIG. 2 consists of two
phases. In the first phase, the user communication deices 101
self-organize into user communication groups 103_1, 103_
2, 103_3. Specifically, a user communication device 101
chooses a group g in a cell b that potentially gives it the
maximum energy ratio. After the self-organization, a group
leader is selected to report the information on the respective
group 103_1, 103_2, 103_3 (e.g., the grouping result and the
group covariance matrix) to the respective communication
network device 102 such as BS or eNodeB.

[0055] In the second phase, each of the communication
network devices 102 such as BS or eNodeB transmits
information 204_1, 204_2 on the respective groups 103_1,
103_2, 103_3 (e.g., the respective grouping results and the
respective group covariance matrix) to a further communi-
cation network device 200 such as RRM, which further
clusters the groups 103_1, 103_2, 103_3 to bigger groups
jointly with cell association by use of a clustering algorithm.
As mentioned above, for this purpose, various known clus-
tering algorithms can be used. Such known clustering algo-
rithms comprise, for example, the K-means algorithm or
merge-and-split algorithms. However, also further appropri-
ate known clustering algorithms can be used.

[0056] FIG. 3 shows an exemplary arrangement of a user
communication device 101 according to an embodiment of
the present application. The user communication device 101
as shown in FIG. 3 is a representative of any one of the user
communication devices described herein and shown in the
appended figures.

[0057] According to the present embodiment, the user
communication device 101 comprises a transmitting entity
301, configured to execute transmission of data in the
communication network, and a receiving entity 302, con-
figured to execute reception of data in the communication
network. The data transmissions and the data receptions are
executed, for example, via the D2D communication and/or
via a communication network device 102 such as BS or
eNodeB. According to an embodiment, the transmitting
entity 301 and the receiving entity 302 are provided as one
entity (e.g., transceiver), as indicated in FIG. 3 by the box
with dashed lines. Alternatively, the transmitting and receiv-
ing entities may respectively be a transmitter and a receiver.
Thus, any one of the transmission steps, which is described
herein as being executed by the user communication device
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101, is executed by the transmitting entity 301. Any one of
the reception steps, which is described herein as being
executed by the user communication device 101, is executed
by the receiving entity 302.

[0058] Further, the user communication device 101 com-
prises one or more processing entities or processors 303
configured to execute different processing steps, except for
the transmission and reception of data, which are executed
accordingly by the transmitting entity 301 and the receiving
entity 302. Thus, any one of the steps, which is described
herein as being executed by the user communication device
101 and which does not refer to data transmission or
reception, is executed by at least one of the one or more
processing entities 302.

[0059] FIG. 4 shows an exemplary arrangement of a
communication network device 400 according to an embodi-
ment of the present application. The communication net-
work device 400 as shown in FIG. 4 is a representative of
any one of the communication network devices described
herein and shown in the appended figures (see, for example,
the above described communication network devices 102
and 200).

[0060] According to the present embodiment, the commu-
nication network device 400 comprises a transmitting entity
401, configured to execute transmission of data in the
communication network, and a receiving entity 404, con-
figured to execute reception of data in the communication
network. According to an embodiment, the transmitting
entity 401 and the receiving entity 402 are provided as one
entity (e.g., transceiver), as indicated in FIG. 4 by the box
with dashed lines. Alternatively, the transmitting and receiv-
ing entities may respectively be a transmitter and a receiver.
Thus, any one of the transmission steps, which is described
herein as being executed by a communication network
device 400 (see, for example, also the above described
communication network devices 102 and 200), is executed
by the transmitting entity 401. Any one of the reception
steps, which is described herein as being executed by a
communication network device 400 (see, for example, also
the above described communication network devices 102
and 200), is executed by the receiving entity 402.

[0061] Further, the communication network device 400
comprises one or more processing entities or processors 403
configured to execute different processing steps, except for
the transmission and reception of data, which are executed
accordingly by the transmitting entity 401 and the receiving
entity 402. Thus, any one of the steps, which is described
herein as being executed by the communication network
device 400 and which does not refer to data transmission or
reception, is executed by at least one of the one or more
processing entities 403.

[0062] FIG. 5 shows steps executed to support grouping of
user communication devices 101 in a communication net-
work according to an embodiment of the present application.
The steps of FIG. 5 are executed by a user communication
device 101. In particular, said steps are executed by the one
or more processing entities 403 of the user communication
device 101. FIG. 5 reflects the steps of the above-mentioned
phase L.

[0063] Instep 501, a neighbor user communication device
set is generated. The neighbor user communication device
set comprises user communication devices 101, which are
adjacent to the user communication device 101, which
generates 501 the neighbor user communication device set.
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Additionally, the neighbor user communication device set
comprises the user communication device 101 themselves.
The user communication device 101 is able to detect the
neighbor user communication devices 101 in the commu-
nication network by use of the D2D connections to the user
communication devices 101 in the communication network.

[0064] In step 502, a user communication device group is
determined by the user communication device 101, which
generated 501 the neighbor user communication device set,
that the user communication device 101 will join. Later on,
information on the user communication device group will be
transmitted to a communication network device 102 such as
BS or eNodeB. The determining 502 of the user communi-
cation device group is executed by analyzing different
possible groups among the user communication devices 101
of the neighbor user communication device set. Here, the
user communication device 101 verifies, which of the dif-
ferent possible groups is the most appropriate group for the
user communication device 101.

[0065] According to an embodiment, the user communi-
cation device 101 acquires, for a possible group of different
possible groups among the user communication devices 101
of the neighbor user communication device set, an outer
precoder matrix of the possible group and decides, based on
the outer precoder matrix of the possible group, whether the
user communication device 101 will join the possible group.
According to an embodiment, this step is executed with
regard to each one of the different possible groups. As
known, the overall precoder is decomposed into an outer
precoder and an inner precoder. The outer precoder sup-
presses the inter-cell or inter-cluster interference, while the
inner precoder is used for intra-cluster multiplexing. The use
of the outer precoder matrix allows a suppression of the
interference between the groups determined or generated by
the user communication devices 101. Further, because
instead of the covariance matrix of the user communication
device the outer precoder matrix of the possible group is
handled and because the outer precoder matrix has signifi-
cantly less dimensions as the covariance matrix, the com-
munication and signaling overhead is reduced in the com-
munication network.

[0066] According to an embodiment, the user communi-
cation device 101 determines, for a possible group of
different possible groups among the user communication
devices 101 of the neighbor user communication device set,
a corresponding estimated ratio of received signal energy of
joining the possible group over a received signal energy of
staying ungrouped and to decide, based on the correspond-
ing estimated ratio, whether the user communication device
101 will join the possible group. According to an embodi-
ment, this step is executed with regard to each one of the
different possible groups. The received signal energy of
joining the possible group refers to received signal energy or
received signal strength, respectively, at the user communi-
cation device 101 in case the user communication device
101 has joined the possible group and belongs to the group.
The received signal energy of staying ungrouped refers to
received signal energy or received signal strength, respec-
tively, at the user communication device 101 in case the user
communication 101 does not belong to any of the possible
groups, i.e., in case the user communication device 101
alone constitutes a group. By determining or estimating the
ratio, the benefit or advantage of joining the respective group
by the user communication device 101 is determined or
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estimated. The received signal energies or strengths are
compared for the case the user communication device 101
decides to join the group and for the case the user commu-
nication device 101 does not join the group and stays alone,
i.e. the user communication device 101 alone represents a
group.

[0067] According to an embodiment, the user communi-
cation device 101 is configured to determine the correspond-
ing estimated ratio of received signal energy of joining the
respective possible group over a received signal energy of
staying ungrouped by use of the outer precoder matrix of the
possible group. In this way, the determination of benefit or
advantage of joining the respective group is connected with
the criteria of suppression of the interference between the
groups determined or generated by the user communication
devices 101.

[0068] According to an embodiment, if the estimated ratio
of received signal energy of joining the possible group of
different possible groups among the user communication
devices 101 of the neighbor user communication device set
over a received signal energy of staying ungrouped is greater
than or equal to a predetermined threshold, the user com-
munication device 101 is configured to determine the pos-
sible group as the user communication device group that the
user communication device 101 will join. However, if, for
all different possible groups among the user communication
devices of the neighbor user communication device set, the
respective estimated ratio of received signal energy of
joining the respective possible group over the received
signal energy of staying ungrouped is lower than the pre-
determined threshold, the user communication device 101 is
configured to generate a new group as the user communi-
cation device group that the user communication device
joins. The new group includes, at first, the user communi-
cation device 101 only.

[0069] The determining 502 of the respective user com-
munication device group is executed differently for one- or
single-cell scenario as shown in FIG. 1 and for multiple cell
scenario as shown in FIG. 2. Therefore, the determining 500
of the user communication device group will be considered
in the following separately for the one- or single-cell sce-
nario (see FIG. 1) and for the multiple cell scenario (see FIG.
2).

[0070] In both cases, i.e. in case of the one- or single-cell
scenario (see FIG. 1) and in case of the multiple cell scenario
(see FIG. 2), each user communication device 101 finds a
user communication device group among different possible
groups among the user communication devices 101 of the
determined 501 neighbor user communication set that pro-
vides the highest or maximum estimated ratio of the
received signal energy of joining the group over the received
signal energy of staying ungrouped. Thus, a user commu-
nication device group among different possible groups is
determined that provides the most benefit or advantage of
joining the respective group by the user communication
device 101 in terms of the received signal energy or strength
respectively.

[0071] In case of the one- or single-cell scenario (see FIG.
1), at the k-th user communication device 100, which
determined 501 the neighbor communication device set, for
each one of the different possible groups g, the estimated
ratio M (g) of the received signal energy of joining the group
g over the received signal energy of staying ungrouped is
determined as follows:
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o VIR V)
M (g) = "SR M)
[0072] where V, is an outer precoder matrix of the group

g, VgH is a Hermitian of the outer precoder matrix V, R, is
a covariance matrix between the downlink channel between
the user communication device 101, which determined 501
the neighbor user communication device set, as a k-th user
communication device 101 and the communication network
device 102 such as BS or eNodeB, ¢(R;, M) is the sum of
the largest M eigenvalues of the covariance matrix R, of the
user communication device 101, wherein M is an integer
that is greater than or equal to 1, and tr denotes a trace
function on the respective matrix. Particularly, tr{VgHRng}
represents the received signal energy of joining the group g
at the user communication device 101, and ¢(R,, M) rep-
resents the received signal energy of staying ungrouped at
the user communication device 101. The group outer pre-
coder matrix V, can be chosen as M dominant eigenvectors
of the covariance matrix of the group g. Here, different
known methods can be applied. An example for determining
or acquiring the group outer precoder matrix V, is described
in J. Nam, A. Adhikary, J.-Y. Ahn, G. Caire: “Joint spatial
division and multiplexing: Opportunistic beamforming, user
grouping and simplified downlink scheduling”, IEEE J. Sel.
Topics Signal Process, Vol. 8, No. 5, pp. 876-890. The
teaching of this publication is incorporated herein by refer-
ence.

[0073] In case of the multiple-cell scenario (see FIG. 2), at
the k-th user communication device 100, which determined
501 the neighbor communication device set, for each one of
the different possible groups gin a cell b, the estimated ratio
N«(b,g) of the received signal energy of joining the group g
in the cell b over the received signal energy of staying
ungrouped is determined as follows:

VROV, )

b,g) =
(b, &) oRD. 1)

[0074] where V,_ is an outer precoder matrix of the group
g in the cell b, V, gH is a Hermitian of the outer precoder
matrix V, R,® is a covariance matrix between the down-
link channel between the user communication device 101,
which determined 501 the neighbor user communication
device set, as a k-th user communication device 101 and the
communication network device 102 such as BS or eNodeB
in the cell b, R,?, M) is the sum of the largest M
eigenvalues of the covariance matrix R, of the user
communication device 101, wherein M is an integer that is
greater than or equal to 1, and tr denotes a trace function on
the respective matrix. Particularly, tr{V, “R,”V, } rep-
resents the received signal energy of joining the group g of
the cell b at the user communication device 101, and (R,
M) represents the received signal energy in cell b of staying
ungrouped at the user communication device 101. The group
outer precoder matrix V,  can be chosen as M dominant
eigenvectors of the covariance matrix of the group g. Here,
different known methods can be applied. An example for
determining or acquiring the group outer precoder matrix
V, g 18 described in J. Nam, A. Adhikary, J.-Y. Ahn, G. Caire:
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“Joint spatial division and multiplexing: Opportunistic
beamforming, user grouping and simplified downlink sched-
uling”, IEEE J. Sel. Topics Signal Process, Vol. 8, No. 5, pp.
876-890. The teaching of this publication is incorporated
herein by reference.

[0075] In both cases (i.e. in the one- or single-cell case of
FIG. 1 and in the multiple-cell case of FIG. 2), if the highest
or maximum estimated energy ratio M,(g) or n(b,g) is below
a threshold t,, the user communication device 101 does not
join any of the different possible user communication device
groups and stays alone, i.e. generates or forms a new group,
which comprises the user communication device 101 only.

[0076] The above-described step 502 of determining a
user communication device group to be joined is executed
by each one of the user communication devices 101, with
regard to which the execution of the user communication
device grouping is desired.

[0077] Subsequently, in both cases (i.e. in the one- or
single-cell case of FIG. 1 and in the multiple-cell case of
FIG. 2), for each of the determined groups g, a correspond-
ing group leader is selected. Among the different user
communication devices 101 of a group g, a user communi-
cation device 101 is selected as a group leader that has the
best D2D connection in the group g and that has the best
uplink channel quality.

[0078] After the generation or determining of the user
communication device groups 103_1, 103_2, 103_3 by the
user communication devices 101, the each one of the group
leaders of the user communication device groups 103_1,
103_2, 103_3 transmits information 104_1, 104_2 on the
respective user communication device group to the commu-
nication network device 102 such as a BS or eNodeB. The
information 104_1, 104_2 on a user communication device
group comprises a group aggregate covariance matrix, in
which covariance matrixes of the user communication
devices 101 of the user communication device group are
aggregated, wherein each covariance matrix is a covariance
matrix of a downlink channel between the respective user
communication device 101 of the user communication
device group and the communication network device 102
such as BS or eNodeB.

[0079] In case of the one- or single-cell scenario (see FIG.
1), the group aggregate covariance matrix R, is determined
as follows:

=—2 R
TN keUg Ri

[0080] where U, represents the user communication
devices 102 in the respective user communication device
group g, IU,| represents the number of user communication
devices 101 in that group, k represents an index of a user
communication device 101 in that group, and R, represents
the respective covariance matrix of the k-th user communi-
cation device 101 of that group.

[0081] In case of the multiple-cell scenario (see FIG. 2),
the group aggregate covariance matrix Rg(b ) is determined as
follows:
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[0082] where U, represents the user communication
devices 102 in the respective user communication device
group g, IU,| represents the number of user communication
devices 101 in that group, k represents an index of a user
communication device 101 in that group, and R, repre-
sents the respective covariance matrix of the k-th user
communication device 101 of that group in cell b.

[0083] The determination or calculation of the group
aggregate covariance matrix f{g or f{g(l’ ) is executed, accord-
ing to an embodiment, by the group leader of the respective
group g.

[0084] FIG. 6 shows steps executed to support grouping of
user communication devices 101 in a communication net-
work according to an embodiment of the present application.
The steps of FIG. 6 are executed by a communication
network device 102, 200 such as BS, eNodeB, RRM. In
particular, said steps are executed by the one or more
processing entities 403 of the communication network
device 102, 200 such as BS, eNodeB, RRM. FIG. 6 reflects
the steps of the above-mentioned phase II.

[0085] In step 601, information 104_1, 104_2, 204_1,
204_2 on a plurality of user communication device groups
103_1, 103_2, 103_3 is received by the communication
network device 102, 200. In particular, the information
104_1, 104_2, 204_1, 204_2 is received by the receiving
entity 402 of the communication network device 102, 200.
[0086] In case of the one- or single-cell scenario (see FIG.
1), information 104_1, 104_2 on a plurality of user com-
munication device groups 103_1, 103_2, 103_3 is received
by the communication network device 102 such as BS or
eNodeB and subsequently processed (i.e. clustered) by the
same communication network device 102.

[0087] In case of the multi-cell scenario (see FIG. 2),
information 104_1, 104_2, 204_1, 204_2 on a plurality of
user communication device groups 103_1, 103_2, 103_3 is
received by first communication network devices 102 such
as BS or eNodeB, which serve the cells, in which the user
communication device grouping has been executed by the
user communication devices 101. Here, for example, for
each one of the user communication groups 103_1, 103_2,
103_3, the respective group leader transmits the information
104_1, 104_2, 204_1, 204_2 to a first communication net-
work device 102 that serves the respective group leader.
Subsequently, the first communication network devices 102
such as BS or eNodeB transmit the information 104_1,
104_2,204_1, 204_2 on the plurality of user communication
device groups 103_1, 103_2, 103_3 to a second communi-
cation network device 200 such as RRM. The further
processing (i.e. clustering) of the user communication
device groups 103_1, 103_2, 103_3 is executed then by the
second communication network device 200 such as RRM.
[0088] In step 602, clustering of the plurality of user
communication device groups is executed by the commu-
nication network device 102, 200 such as BS, eNodeB,
RRM. As mentioned above, for this purpose, various known
clustering algorithms can be used. Such known clustering
algorithms comprise, for example, the K-means algorithm or
merge-and-split algorithms. However, also further appropri-
ate known clustering algorithms can be used. During the
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clustering 602, at least two of the plurality of the user
communication device groups are joined to one user com-
munication device group.

[0089] FIG. 7 shows exemplary a joining of two user
communication device groups 103_1, 103_3 of the plurality
of the user communication device groups 103_1, 103_2,
103_3 to one user communication group 103_1" according to
an embodiment of the present application. On the left side,
user communication device groups 103_1, 103_3 as deter-
mined or generated by the user communication devices 101
(e.g., by executing the steps of FIG. 5) are shown. By the
execution 602 of the clustering, the user communication
device groups 103_1', 103_2 are obtained. The obtained user
communication device groups 103_1', 103_2 are shown on
the right side of FIG. 7. During the execution 602 of the
clustering, the user communication device groups 103_1,
103_3 have been joined to one user communication device
group 103_1".

[0090] In the following, the execution of the clustering by
use of the K-means algorithm will be considered exemplary.

[0091] In case of the one- or single-cell scenario (see FIG.
1), each user communication group 103_1, 103_2, 103_3,
generated or determined by the user communication devices
101 (e.g., by executing steps of FIG. 5), is considered as a
virtual user communication device i with covariance matrix

1

k= 0 |EkeU‘ Ry,

the covariance matrix R, being the aggregate covariance
matrix of the respective group and being assumed as repre-
senting a covariance matrix of a downlink channel between
the virtual user communication device i and the communi-
cation network device 102 such as BS or eNodeB.

[0092] The clustering of the virtual user communication
devices 1 (or user communication groups 103_1, 103_2,
103_3, respectively) into G groups by use of the correspond-
ing covariance matrices R, R,, . . . is then executed as
follows:

[0093] Firstly, G matrices are randomly selected from all
covariance I}latrices R,, R,, .. . as group centers, which are
denoted as Rgc for groups g=1,2, ..., G.

[0094] Secondly, for each virtual user communication
device 1, to the group 1—>U a minimum chordal distance
min, d( €, R,) is assigned, Where

d(Rlsz):HUlUl -ULUs HFa
and U, denotes the matrix containing M dominant eigen-
vectors of R;.

[0095] Secondly, assign each virtual user communication
device i to the group g, 1—>U that minimizes the chordal
distance d( <, R,) between Vlrtual device i and group g,
where

dRERIAUL AU -U U
in which, U denotes the matrix containing the M dominant

elgenvectors of R , and U, denotes the matrix containing
the M dominant elgenvectors of R,.
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[0096] Thirdly, for each one of the groups, the group
center Rgc is updated as follows:
R = R
& |U | ieUg
[0097] Fourthly, the second and the third step are repeated

until a convergence of each one of the updated group
centers.

[0098] The final grouping is then given by U'g:{k: keU,,
i€u,}.
[0099] In case of the multi-cell scenario (see FIG. 2), each

user communication group 103_1, 103_2, 103_3, generated
or determined by the user communication devices 101 (e.g.,
by executing steps of FIG. 5), is considered as a virtual user
communication device 1 with covariance matrix

~(b) R®)
R = g 3 R

keU;

and a mean channel gain

~(b) — (b)
o= i 2

keU;

[0100] The covariance matrix R, is the aggregate cova-
riance matrix of the respective group and being assumed as
representing a covariance matrix of a downlink channel
between the virtual user communication device 1 and the
communication network device 102 such as BS or eNodeB.

[0101] The clustering of the virtual user communication
devices 1 (or user communication groups 103_1, 103_2,
103_3, respectively) into G groups for each cell b=1, 2, . .
, B is then executed as follows, wherein an assignment of
virtual user communication devices i—0, « 18 executed:

[0102] Firstly, in an initial assignment, G rounds are
executed. For the first round, at a first communication
network device 102 such as BS or eNodeB (i.e. g=1 and
b=1) a virtual user communication device

(1, = argmjaxﬁf“
i

is chosen. For each round g=1, 2, . . . , G, each communi-
cation network device 102 such as BS or eNodeB picks a
virtual user communication device according to

g-1  b-1

(b, g) = arg m_in%§ § 7“?56) _
Pop d(Rin B)

=1 c=1

[0103] Secondly, a clustering is then executed by assign-
ing each virtual user communication device i to a group g in
cell b according to:
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.. B )
(b*,g") =arg filgld(Ri*(b,g), R

[0104] Thirdly, a centering is executed by performing the
following two steps. The center of the first group in the first
cell (1,1) is updated by choosing a virtual user communi-
cation device within the group Ul,l according to

L A’

»©) »©)
(elFLD d(R"*(Cv")’ Ri )

and the center of the other groups (b,g) is updated sequen-
tially according to:

g-1  b-1

Z A

(b, g) =arg min — _—
L ~(b) =(c) =(c)
ielp ¢ Pi yermi— d(R‘-i(CJ), R‘-C )

[0105] Fourthly, the second and the third step are repeated
until a convergence of each one of the updated group
centers.

[0106] The application has been described in conjunction
with various embodiments herein. The various embodiments
of the present application are combinable with each other.
L.e. any embodiment of the embodiments, described herein,
shown in at least one of the figures, and/or claimed in
appended claims, is combinable with another embodiment
of said embodiments. Thus, a flexible implementation of the
present application is enabled. Furthermore, the implemen-
tation of the present application can be adapted to several
environments or use cases.

[0107] The present application is directed to a user com-
munication device and to a communication network device,
both arranged to support grouping of user communication
devices in a communication network. The user communi-
cation device determines a neighbor user communication
device set comprising the user communication device and
neighbor user communication devices and determines, by
communicating with neighbor user communication devices
of the neighbor user communication device set via D2D
communication, a user communication device group that the
user communication device joins. The communication net-
work device receives information on a plurality of user
communication device groups, determined by user commu-
nication devices in the communication network, and
executes clustering on the plurality of user communication
device groups.

[0108] As shown above, the application exploits the prox-
imity information at the user side and uses local cooperation
for grouping improvement and feedback reduction. The
interpretation is the following. First, user communication
devices know their neighbors via D2D communication. Due
to local scattering, user communication devices that are
close to each other might be better grouped together. Such
initial grouping does not require the coordination from the
communication network device such as BS or eNodeB. As
a result, the communication network device such as BS or
eNodeB can enjoy reduced computational complexity but
achieve even better grouping result. Second, local coopera-
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tion among user communication devices results in an initial
merge of users into small groups, and consequently skip
redundant feedback to the communication network device
such as BS or eNodeB.

[0109] The application can be applied to a wide range of
application scenarios, such as single cell massive MIMO
networks and multi-cell networks.

[0110] Although the multi-cell case has been considered
above with regard to FIG. 2 only, in fact, there are two ways
to handle the multi-cell case. According to the first way, a
user-cell association is executed, then, the multi-cell case is
decoupled into the one- or single-cell case (see FIG. 1) by
processing each cell individually. According to the second
way, a joint user grouping and cell association is executed;
see FIG. 2.

[0111] It has to be noted that any of the embodiments and
features of any of the embodiments, described herein, may
be combined with each other, unless a combination is
explicitly excluded.

[0112] Additionally, also other variations to the enclosed
embodiments can be understood and effected by those
skilled in the art and practicing the claimed application, from
a study of the drawings, the disclosure and the appended
claims. In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. The mere fact that
certain measures are recited in mutually different dependent
claims does not indicate that a combination of these mea-
sures cannot be used to advantage.

1. A user communication device arranged to support
grouping of user communication devices in a communica-
tion network, wherein the user communication device is
configured to communicate with further user communica-
tion devices in the communication network via a device-to-
device (D2D) communication, and wherein the user com-
munication device is additionally configured to
communicate with the further user communication devices
via a communication network device, wherein the user
communication device comprises at least one processor,
wherein the at least one processor is configured to couple
with a memory, read an instruction in the memory, and
execute the following when supporting the grouping of user
communication devices in the communication network:

determining a neighbor user communication device set

comprising the user communication device and neigh-
bor user communication devices, wherein the neighbor
user communication devices are arranged to commu-
nicate in the communication network, and wherein the
neighbor user communication devices are adjacent to
the user communication device in the communication
network; and

determining, by causing a transceiver to communicate
with the neighbor user communication devices of the
neighbor user communication device set via the D2D
communication, among user communication devices of
the neighbor user communication device set a user
communication device group that the user communi-
cation device joins, wherein information on the user
communication device group is provided to the com-
munication network device.
2. The user communication device according to claim 1,
wherein the at least one processor is configured to determine
the user communication device group by analyzing different
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possible groups among the user communication devices of
the neighbor user communication device set.

3. The user communication device according to claim 2,
wherein:

if an estimated ratio of received signal energy of joining
a possible group of different possible groups among the
user communication devices of the neighbor user com-
munication device set over a received signal energy of
staying ungrouped is greater than or equal to a prede-
termined threshold, the at least one processor is con-
figured to determine the possible group as the user
communication device group that the user communi-
cation device joins; and

if, for all different possible groups among the user com-
munication devices of the neighbor user communica-
tion device set, a respective estimated ratio of received
signal energy of joining the respective possible group
over the received signal energy of staying ungrouped is
lower than the predetermined threshold, the at least one
processor is configured to generate a new group as the
user communication device group that the user com-
munication device joins.

4. The user communication device according to claim 2,
wherein the at least one processor is configured to determine
an estimated ratio of received signal energy of joining a
possible group of different possible groups among the user
communication devices of the neighbor user communication
device set over the received signal energy of staying
ungrouped as follows:

tr{VI RV}

(g) = SR

wherein 1,(g) is the estimated ratio of received signal
energy of joining the respective possible group over the
received signal energy of staying ungrouped, wherein g
is the respective possible group, wherein k refers to the
user communication device as the k-th user communi-
cation device of the neighbor user communication
device set, wherein V, is an outer precoder matrix of
the respective possible group, wherein VgH is a Her-
mitian of the outer precoder matrix V,, wherein R, is a
covariance matrix of a downlink channel between the
user communication device and the communication
network device, wherein @(R,, M) is a sum of largest
M eigenvalues of the covariance matrix R,, and
wherein M is an integer that is greater than or equal to
1.

5. The user communication device according to claim 2,
wherein, if user communication devices of a possible group
of different possible groups among the user communication
devices of the neighbor user communication device set is
located in a cell of the communication network that is
different from a cell, in which the user communication
device is located, the at least one processor is configured to
determine an estimated ratio of received signal energy of
joining the respective possible group of different possible
groups among the user communication devices of the neigh-
bor user communication device set over the received signal
energy of staying ungrouped as follows:
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wherein m,(b,g) is the estimated ratio of received signal
energy of joining the respective possible group g in the cell
b, in which the user communication devices of the respective
possible group g are located, over the received signal energy
of staying ungrouped, wherein k refers to the user commu-
nication device as the k-th user communication device of the
neighbor user communication device set, wherein V,,  is an
outer precoder matrix of the respective possible group in the
cell b, wherein V, gH is a Hermitian of the outer precoder
matrix V,_, R,® is a covariance matrix of a downlink
channel between the user communication device and the
communication network device in the cell b, wherein (R,
® M) is a sum of largest M eigenvalues of the covariance
matrix R,*’, and wherein M is an integer that is greater than
or equal to 1.

6. The user communication device according to claim 1,
wherein, after joining the user communication device group,
the at least one processor is configured to cause the trans-
ceiver to transmit its covariance matrix to at least one user
communication device of the user communication device
group.

7. The user communication device according to claim 1,
wherein the user communication device is a group leader of
the user communication device group if the user communi-
cation device has, among the user communication devices of
the user communication device group, the best D2D con-
nection and the best uplink channel quality.

8. The user communication device according to claim 1,
wherein, if the user communication device is a group leader
of the user communication device group, the at least one
processor is configured to cause the transceiver to transmit
the information on the user communication device group to
the communication network device.

9. The user communication device according to claim 1,
wherein the information on the user communication device
group comprises an group aggregate covariance matrix, in
which covariance matrixes of the user communication
devices of the user communication device group are aggre-
gated, wherein each covariance matrix is a covariance
matrix of a downlink channel between the respective user
communication device of the user communication device
group and the communication network device.

10. The user communication device according to claim 9,
wherein the group aggregate covariance matrix is deter-
mined as follows:

- 1
R, = —2 Ry,
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wherein f{g is the group aggregate covariance matrix,

wherein R, is a covariance matrix of a downlink chan-

nel between the k-th user communication device of the

user communication device group and the communi-

cation network device, and wherein U, is the user
communication device group.

11. The user communication device according to claim 1,

wherein the at least one processor is configured to acquire,

for a possible group of different possible groups among the
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user communication devices of the neighbor user commu-
nication device set, an outer precoder matrix of the possible
group and to decide, based on the outer precoder matrix of
the possible group, whether the user communication device
will join the possible group.

12. The user communication device according to claim
11, wherein the at least one processor is configured to
determine a corresponding estimated ratio of received signal
energy of joining the respective possible group over a
received signal energy of staying ungrouped by use of the
outer precoder matrix of the possible group.

13. The user communication device according to claim 1,
wherein the at least one processor is configured to deter-
mine, for a possible group of different possible groups
among the user communication devices of the neighbor user
communication device set, a corresponding estimated ratio
of received signal energy of joining the possible group over
a received signal energy of staying ungrouped and to decide,
based on the corresponding estimated ratio, whether the user
communication device will join the possible group.

14. A method arranged to support grouping of user
communication devices in a communication network and
arranged for execution by a user communication device,
wherein the user communication device is configured to
communicate with further user communication devices in
the communication network via a device-to-device (D2D)
communication and is additionally configured to communi-
cate with the further user communication devices via a
communication network device, wherein the method com-
prises the following steps for supporting the grouping of
user communication devices in the communication network:

determining a neighbor user communication device set

comprising the user communication device and neigh-
bor user communication devices, wherein the neighbor
user communication devices are arranged to commu-
nicate in the communication network, and wherein the
neighbor user communication devices are adjacent to
the user communication device in the communication
network; and

determining, by communicating with the neighbor user

communication devices of the neighbor user commu-
nication device set via the D2D communication, among
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user communication devices of the neighbor user com-
munication device set a user communication device
group that the user communication device joins,
wherein information on the user communication device
group is provided to the communication network
device.

15. A communication network device arranged to support
grouping of user communication devices in a communica-
tion network, wherein the communication network device
comprises at least one processor, wherein the at least one
processor is configured to couple with a memory, read an
instruction in the memory, and execute the following:

causing a transceiver to receive information on a plurality

of user communication device groups, determined by
user communication devices in the communication
network; and

execute clustering on the plurality of user communication

device groups.

16. The communication network device according to
claim 15, wherein the at least one processor is configured to
join at least two user communication device groups of the
plurality of user communication device groups to one user
communication device group when executing the clustering.

17. The communication network device according to
claim 15, wherein the at least one processor is configured to
execute the clustering by executing K-mans based algorithm
or a graphical algorithm on the plurality of user communi-
cation device groups.

18. The communication network device according to
claim 15, wherein the at least one processor is configured to
cause the transceiver to receive for each user communication
device group of the plurality of user communication device
groups corresponding information on the respective user
communication device group.

19. The communication network device according to
claim 18, wherein the at least one processor is configured to
cause the transceiver to receive the corresponding informa-
tion on the respective user communication device group
from a user communication device of the user communica-
tion device group.



