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Method, controller, access node and computer program product of associating a multi-user
multiple-input multiple-output, MU-MIMO, capable wireless access node to a wireless

network

The present patent disclosure concerns Multi-User Multiple-Input Multiple-Output, MU-
MIMO, association of wireless access nodes to a wireless network. Particular embodiments relate
to a method, a controller, an access node and a computer program product for associating a multi-
user multiple-input multiple-output, MU-MIMO, capable wireless access node to a wireless
network.

Indoor networks contain an increasingly large number of access nodes or access points to
allow user devices to connect to the network and a backbone network such as the internet. The
interface for allowing users to connect to the access node is referred to as a “fronthaul interface”,
which generally is a wireless interface. One or more of the access nodes in the network serve to
connect to the backbone network via a backhaul interface. Access nodes providing the connection
to the backbone network are referred to as “master access nodes” (mAN).

Other access nodes use their backhaul interface to connect to a mAN, which may be
wireless. A wireless range extender is an example of such an access node. An access node
wirelessly connecting to a further access node, such as a master access node, is further referred to
as an “access node”.

Each access node is preferably associated to one mAN to provide a backhaul connection to
the access node, and user devices connected to the access node via its fronthaul interface. The
connection of the access node to the mAN will have a negative impact on the available data
throughput for users also served by the fronthaul interface of the mAN. This is because the newly
associated access node will use the resources of the mAN and therefore the access node competes
with the user devices served by this mAN. Moreover, this competition for resources of the mAN
will impact the fronthaul throughput of the access node. In other words, the user devices served by
the fronthaul interface of the access node will be able to use a data throughput according fo a part
of the available resources of the mAN that may be used by the access node.

MU-MIMO is a set of wireless technologies used for wireless communication, and is an
optional feature for instance included in the IEEE 802.11ac and IEEE 802.11 ax standards, for
wireless communication. Access nodes with MU-MIMO capability use multiple antennas and the
relative positions of connected devices to accordingly create a phased pattern with which multiple
clients can be served with a signal independently and at the same time. MU-MIMO therefore may
at least partially alleviates the above problem of competition for resources, by providing a larger

wireless data throughput.
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However, when multiple mANs are available, an access node will in general connect to the
mAN having the strongest signal or being closest in range, for example based on a received signal
strength indicator or other parameter indicative of a signal strength and/or distance of the mAN. It
may for instance be that the mAN is not MU-MIMO capable, the conditions, such as location, may
not be met to provide for MU-MIMO to be enabled.

The access node, when connected wirelessly to a master access node, will therefore
generally impact the quality of service of other devices connected to the mAN it connects to.
Furthermore, the quality of service of the users connected to the access node will be impacted by
which mAN the access point is connected to.

It is therefore an object of embodiments of the present patent disclosure to associate access
nodes with a mAN that improves the quality of service of devices wirelessly connected to the
master access node to which the access node is connected and further devices connected to the
access node.

According to a first aspect of the present patent disclosure there is provided a method of
associating a multi-user multiple-input multiple-output, MU-MIMO, capable wireless access node
to a wireless network, the wireless network comprising one or more master access nodes
comprising a wired backhaul interface for coupling the master access node to a backbone network,
the method comprising:

determining whether the one or more master access nodes are MU-MIMO capable;

iteratively connecting the access node to each of the master access nodes having MU-
MIMO enabled;

obtaining one or more first available data throughputs for respective potential multi-user
groups to be served by the master access node for each of the MU-MIMO capable master access
nodes having MU-MIMO enabled;

obtaining one or more second available data throughputs for respective potential multi-user
groups served by the access node when connected to the master access node; and

associating the access node to the master access node based on the obtained first and
second available data throughputs.

In other words, the access node is associated to an mAP with which both backhaul and
fronthaul link of both access node and mAN are utilized as much as possible by using MU-MIMO.
This is done by associating the access node to the mAN that can accomunodate the access node in a
multi-user group such as a downlink beamforming group (or any other suitable MU-MIMO
technique). On the front-haul link, the possibility of having a multi-user group, such as a
beamforming group, for the users connected directly to the AN is also taken into consideration
while choosing the mAP to which the access node should connect, that is, to which the access node

will be associated in the wireless network.
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In order to use MU-MIMO, the access point and mAP referred to in the present patent

application are suitable for MU-MIMO communication, and may for instance comiprise a suitable
number of antenna’s, an antenna array, a phased array or the like. Furthermore, the access point
and mAP may comprise a processor suitable for MU-MIMO signal processing.

In an embodiment, the method further comprises: determining a first score for each master
access node based on the obtained one or more available data throughputs served by the master
access node;

determining a second score for each master access node based on the obtained available
user data throughputs for respective potential multi-user groups served by the access node;

calculating a total score for each MU-MIMO master access node based on the first and
second scores,

wherein the access node associates with the master access node for which a highest total
score is calculated.

The calculation of a score is a preferred embodiment upon which the step of associating is
then based. It will be understood that other ways of deciding which master access node is the most
suitable for associating the access point, based on the throughputs that can be reached by the
fronthaul and backhaul multi-user groups.

In an embodiment, the obtaining one or more available data throughputs comprises:

determining the potential multi-user groups to be served by the master access node to
which the access node is connected;

iteratively attempting to join the potential multi-user groups by the access point; and

determining the available data throughputs for each of the potential multi-user groups
where an attempted join of the access point was successful.

In a preferred embodiment, the obtaining one or more available data throughputs for
respective potential multi-user groups comprises:

when pre-selected multi-user groups are obtainable from the master access node:

obtain the pre-selected multi user groups from the master access node; and

when one or more of the pre-selected multi-user groups may be joined by the
access point, determine the first score to be the maximum available data throughput of available
data throughputs of the respective multi-user groups, and

when pre-selected multi-user groups are not obtainable from the master access node,
determine the first score to be the average available throughput of all potential multi-user groups
that the access node was able to join.

According to a further embodiment, the method further comprises:

attempting to obtain a first demanded data throughput for each device wirelessly connected

to the master access node;
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4
obtaining a first device data throughput for each device wirelessly connected to the master

access node, wherein the first device data throughput indicates a data throughput for each device
after the access node is connected to the respective master access node; and

when the demanded data throughput is unavailable, obtaining a second device data
throughput for each device wirelessly connected to the master access node, wherein the second
device data throughput indicates a data throughput for each device before the access node is
connected to the respective master access node,

wherein the associating of the access node is further based on the obtained first device data
throughput and the first demanded data throughput or the second device data throughput.

According to a specific embodiment, the method further comprises, when the first
demanded data throughput is available, determining a third score for each master access node
based on the first device data throughput and the first demanded data throughput; and when the
first demanded data throughput is unavailable, determining a third score for each master access
node based on the first device data throughput and the second data throughput, wherein the total
score is calculated based on the first, second and third scores.

According to a further embodiment, the access node comprises a backhaul interface for
coupling with the master access node and a fronthaul interface for coupling user devices to the
access node, wherein the obtaining one or more available user data throughputs for respective
potential multi-user groups served by the access node, for each master access node to which the
access node is connected, obtaining a list of one or more user devices connected to the access
point; determining potential fronthaul multi-user groups to be served by the access node;
determining the available fronthaul data throughputs for each of the potential fronthaul multi-user
groups; and determining a second score based on the available fronthaul data throughputs,

wherein the total score is calculated based on the first and second scores.

According to a preferred embodiment, the determining of the second score comprises:

when pre-selected fronthaul multi-user groups are available to the access node:

obtain a list of the pre-selected fronthaul multi-user groups;

when one or more of the pre-selected multi-user groups is available to the access
point, determine the second score to be the sum of available data throughput of the pre-determined
multi-user groups; and

when none of the pre-selected multi-user groups may be joined by the access point,
determine the second score to be the average throughput of all the potential fronthaul multi-user
groups.

According to an embodiment, the access node comprises a backhaul interface for coupling
with the master access node and a fronthaul interface for coupling user devices to the access node,

the method further comprising:
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5
attempting to obtain a second demanded data throughput for each user device wirelessly

connected to the access node;

obtaining a third device data throughput for each user device wirelessly connected to the
access node; and

wherein the demanded data throughput is available, the associating of the access node is
further based on the obtained third device data throughput and the second demanded data
throughput.

According to a preferred embodiment, the method further comprises:

when the second demanded data throughput is available, determining a fourth score for
each master access node based on the third device data throughput and the second demanded data
throughput, wherein the total score is calculated based on the first, second, third and fourth scores.

According to a further embodiment, the total score for each master access node is
calculated based by multiplying the third score, the fourth score and the lowest one of the first and
second scores, wherein, when a score is unavailable, said unavailable score is equal to one.

According to a further aspect of the present patent disclosure, there is provided a
controller, wherein the controller is configured to:

determine whether the one or more master access nodes are MU-MIMO capable;

iteratively connect the access node to each of the master access nodes having MU-MIMO
enabled;

obtain one or more first available data throughputs for respective potential multi-user
groups to be served by the master access node for each of the MU-MIMO capable master access
nodes having MU-MIMO enabled;

obtain one or more second available data throughputs for respective potential multi-user
groups served by the access node when connected to the master access node; and

associate the access node to the master access node based on the obtained first and second
available data throughputs.

It will be understood that the controller may be configured in further embodiments for
performing the method steps according to the first aspect of the present patent disclosure, and will
provide the same or similar advantages as for the method steps.

According to a further aspect of the present patent disclosure, there is provided a multi-
user multiple-input multiple-output, MU-MIMO, capable access node, comprising:

a backhaul interface configured for coupling the access node to a backbone
network; and

a fronthaul interface configured for wirelessly connecting the access node to one or
more user devices; and

a controller, wherein the controller is configured to:
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determine whether the one or more master access nodes are MU-MIMO capable;

iteratively connect the access node to each of the master access nodes having MU-
MIMO enabled;

obtain one or more first available data throughputs for respective potential multi-
user groups to be served by the master access node for each of the MU-MIMO capable master
access nodes having MU-MIMO enabled;

obtain one or more second available data throughputs for respective potential
multi-user groups served by the access node when connected to the master access node; and

associate the access node to the master access node based on the obtained first and
second available data throughputs.

According to an embodiment, the controller is further configured to:

attempt to obtain a first demanded data throughput for each device wirelessly connected to
the master access node;

obtain a first device data throughput for each device wirelessly connected to the master
access node, wherein the first device data throughput indicates a data throughput for each device
after the access node is connected to the respective master access node; and

when the demanded data throughput is unavailable, obtain a second device data throughput
for each device wirelessly connected to the master access node, wherein the second device data
throughput indicates a data throughput for each device before the access node is connected to the
respective master access node,

wherein the associating of the access node is further based on the obtained first device data
throughput and the first demanded data throughput or the second device data throughput.

It will be understood that the access node may be configured in further embodiments for
performing the method steps according to the first aspect of the present patent disclosure, and will
provide the same or similar advantages as for the method steps.

Further aspects of the present patent disclosure are described by the dependent claims. The
features from the dependent claims, features of any of the independent claims and any features of
the other dependent claims may be combined as considered appropriate to the person of ordinary

skill in the art, and not only in the particular combinations as defined by the claims.

Brief description of figures

The accompanying drawings are used to illustrate presently preferred non-limiting
exemplary embodiments of methods and devices of the present patent disclosure. The above and
other advantages of the features and objects of the present patent disclosure will become more
apparent and the present patent disclosure will be better understood from the following detailed

description when read in conjunction with the accompanying drawings, in which:
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Figure 1A schematically illustrates an embodiment of an access node according to the
present patent disclosure;

Figure 1B schematically illustrates an embodiment of a master access node according (o
the present patent disclosure;

Figure 2 schematically illustrates a flowchart of an embodiment of a method according to
the present patent disclosure;

Figure 3A schematically illustrates an access node association according to embodiments
of the present patent disclosure; and

Figure 3B schematically illustrates an access node association according to embodiments

of the present patent disclosure.

Description of embodiments

Figures 1A shows an access node 110 in a network 100, e.g. an indoor or home network.
“Access node” is used to refer to an access node wirelessly connected, as shown with dashed arrow
123, to a master access node (mAN) 122 via its wireless backhaul interface 112. The access node
may have one or more user devices 130 connected via its wireless fronthaul interface 114, as
shown with dashed arrow 131, such that the user devices 130 may be connected to the master
access node 122 through the access node 110. The mAN 122 may then provide a connection to
other user devices and/or access points in the network 100 and to a backbone network such as the
internet.

Figure 1B shows a master access node 140 in the network 100. “Master access node” is
used to refer to an access node connected via a backhaul link or interface 142 to couple to a
backbone network 120, as shown with arrow 121, which may be the internet. The backhaul
interface 142 is preferably a wired interface, e.g. suitable for cable internet or an optical fiber
connection, since a wired connection may provide a larger bandwidth than a wireless connection.
The master access node may have one or more user devices 150 connected via its fronthaul
interface 144, as shown with dashed arrow 151, such that the user devices 150 may be connected to
the indoor network 100 and the backbone network 120. The master access node 140 may further
serve an access node 134 also connected via the fronthaul interface 144 of the master access node,
as shown with dashed arrow 135.

The connection to the backbone network 120 may occur through other devices, such as an
optical fiber modem. Then, master access node 140 may for instance be connected to the optical
fiber modem with an Ethernet connection.

The access node 110 may be used as a master access node and vice versa, in case the

access node has a suitable backhaul interface to connect to the backbone network 120.
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In an embodiment, the access node 110 and master access node further comprise a
controller 116, 146, for respectively controlling the access node and master access node and for
performing the method steps according to the present disclosure. The access node 110 and master
access node 140 referred to in the present patent application are suitable for MU-MIMO
communication, and may for instance comprise a suitable number of antenna’s, an antenna array, a
phased array or the like.

The access node and master access node may further comprise a processor suitable for
MU-MIMO signal processing. The controller and the processor may be a single unit. The
controller may furthermore be a hardware unit or stored suitable instructions to be executed by the
processor. The method steps may furthermore be stored as executable instructions on a suitable
storage medium of the access node 110 and/or master access node 140.

According to another embodiment, the controller may be incorporated into a computing
device, such as a remote management device operating the access node and master access nodes in
the network. The controller is suitable for respectively controlling the access node and master
access node and for performing the method steps according to the present disclosure. The
controller may be implemented as a hardware unit or as software, that is, as stored suitable
instructions to be executed by a processor of the computing device. The method steps may
furthermore be stored as executable instructions on a suitable storage medium of the computing
device.

Now referring to Figure 2, preferred embodiments of the various steps of the method for
associating an access node to a master access node are illustrated as an algorithm. In Figure 2, step
201 indicates an embodiment of the step of determining whether the one or more mANs have MU-
MIMO enabled. In case the currently selected mAN i does not have MU-MIMO enabled, the next
mAN in a list of mANs is selected in step 217. The list may be a list of mANSs that are detected by
the access node.

Step 203 indicates an embodiment of the step of iteratively connecting the access node to
each of the master access nodes having MU-MIMO enabled. In this embodiment, the access node
is, in other words, temporarily connected to the mAN i. The temporary connection is made to
perform the various steps of obtaining information on the throughputs of potential multi-user
groups, such as beamforming groups, when the AN is connected to mAN i the and would
potentially be part of these groups when associated to this mAN /. When temporarily connected to
mAN i, the further steps are executed. Temporarily in this respect means long enough to perform
the steps as desired. If some of these steps are unsuccessful, an upper time limit may be set after
which the AN may for instance connect to the further mAN i+1.

Step 205 indicates an embodiment of obtaining one or more {irst available data

throughputs for respective potential multi-user groups to be served by the mAN i. Available in this
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respect may also mean achievable, indicating the achievable data throughput of a multi-user group
which may be joined by the access node. The multi-user groups may be beamforming groups.
For each candidate mAN i, the number of associated users is denoted by N,. Accordingly, a

total of M; beamforming groups can be formed from the N; users and the AN where

N+l
_ N+
M, = Z C,

k=2

Herein, My is the number of combinations with k devices from the set of N; users
devices plus the one access node (N;+ 1). Although groups having at least two devices are taken
into account, i.e. k = 2..Ni+1, also “groups” of a single device, i.e. k= 1...Ni+1, may be taken into
account if so desired according to circumstances.

The AN joins each of the groups if available to the AN. The availability may depend on the
distance of the AN to the other devices in the group, the technical capabilities of the devices and so
forth. Then, the achievable data throughput of each group j is denoted by R, , for instance with a
unit of Mbps, or any other suitable unit.

The mAN will select L; beamforming groups to be served according to its implemented
group selection algorithm. The L; groups may be available for use in the method in case the mAN
is configured to output the groups, for instance to the controller performing the method. The multi-
user groups L; may also be unavailable, for instance because the multi-user groups are not
explicitly reported by the mAN to the controller. Although in this case L; would be empty, multi-
user groups may in fact be formable or formed, it is merely unknown for performing the method.

From the obtained R, a first score S;; may be calculated for the mAN to indicate the
achievable back-haul throughput of the mAN, depending on the AN being able to join any of the I
beamforming groups and on whether the L; beamiforming groups are unavailable. In an

embodiment, the first score S, ; is calculated according to:

max{ R, 0, } if ANeL, AND L, # 0
S, =11 if ANeL AND L, # @

M, M,

>RGO ID R, L =0

j=1 =

Herein, ¢ indicates an empty set. The first score may be calculated for two cases based on
the availability of the selected beamforming groups L; by the mAN. In case of availability of L;,
and in case the AN is able to join any of the groups in L; (i.e. the AN is selected to be part of any
group of L), the score will have the maximum throughput value, since ,; is a binary variable that
is equal to 1 if the AN can be included in group j, and equals 0 otherwise.

If the AN is not able to join any of the groups L, the first score is set to 1. In general, this

indicates that the first score does not have an effect on a final calculated score for mAN 1. In case
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L; is unavailable (i.e. the output of grouping technique is unknown), the ratio of the data
throughput of all the groups which included the AN over the data throughputs of all groups will be
used to calculate the score of this step. This provides a way to estimate the effectiveness of the
presence of the AN in the formed multi-user groups.

The first score may be calculated after step 205 as a separate step, but may also be
calculated together with other scores to calculate a total score for mAN i, e.g. in step 215 below.

In step 207 the data throughput demanded by the other user devices served by the fronthaul
interface of the mAN may be obtained, which will be described in relation to the third score below.

According to an embodiment, step 209 indicates a step of determining whether MU-MIMO
is enabled in the AN, and whether the number of user devices 7 connected to the AN is larger than
one. In case there is only one, no beamforming groups or other multi-user groups are to be formed.
If this condition is not met, the method may continue to step 215 to calculate a score for the mAN
1, and thereafter continue with the further mAN i+1.

After connecting the AN to the mAN i, more than one user might be served by the AN’s
fronthaul interface, and multi-user groups may be formed with two or more user devices. However,
in case one user device is connected to the AN’s fronthaul interface, i.e. Z =1, a “group” with one
user device may also be taken into account.

Step 211 may be a part of the step of obtaining one or more second available data
throughputs for respective potential multi-user groups served by the access node when connected
to the mAN 1. In total, E; beamforming groups can be obtained by Z; fronthaul users connected to
the AN, when the AN is connected to mAN i. E; may be calculated similar to M;. In step 211, the
available data throughput for each group p of a total number of groups E;, denoted with R, is
obtained or calculated.

A second score S;,; may be calculated to represent the chance of creating a MU-MIMO
multi-user group, e.g. a beamforming group, on the AN’s fronthaul interface. The obtainable data
throughput of each multi-user group p is denoted below by R, ;. Assuming that Y; groups will be
selected from all possible groups, i.e. E;, by the AN according to its selection algorithm, the second

score is determined through:

yi
Z}Ri,p if Y@ AND A =1
=
Ei
S, =q1/E;xY R, if Y,=@AND A=1
p=1
1 if A=0
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The first condition is used to calculate the score in case of the selected groups being
available (i.e. Y;is not empty, @) and the AN enables MU-MIMO (i.e. A=1). When this condition
is met, the second score S, is set to the sum of data throughputs of all groups of Y.

If, on the other hand, the beamforming groups Y; are not available, the average throughput
of all groups E; will be used. The third condition (i.e. S;,=1) is set to one, which in a preferred
embodiment indicates that this score is not effective for the total score of mAN i in case the AN
does not employ MU-MIMO (i.e. 2=0).

In general, determining which mAN the AN should associate with by the obtaining the first
and second device data throughputs, being data throughputs of multi-user groups served by the
mAN and the AN respectively, and further optionally incorporating these in the calculated first and
second scores, allows for the user experienced quality of service for user devices connected to both
mAN and AN, to be improved compared to for instance connecting the AN to the nearest mAN.

In an embodiment, and referring to step 213, this step relates to attempting to obtain a first
demanded data throughput for each device wirelessly connected to the master access node,
Furthermore, in a further step (not shown), a first device data throughput is obtained for each
device wirelessly connected to the master access node, here denoted as the demand of all user
devices connected to the mAN 1.

If the demanded data throughput of the user devices is available, a third score will be
calculated based on whether this demanded data rate of the mAN’s devices can be met. In other
words, a measure of data rate demand satisfaction may be used for the third score. This is taken
into account, because connecting the AN might result in removing one or more of the mAN’s user
devices from the multi-user (MU-MIMO) groups, which may lower their throughput and their
demand satisfaction.

According to a preferred embodiment, the third score may be calculated as

LAZ min (LR,, /D,,) if D,%90
Sj,3 = li nr\;]
— S min (LR, /R,,’) if D,,=0

i n=l
Herein, the demanded data throughput of each user n of N, connected to the mAN i is
denoted by D, ,,, and the data throughput achieved by user n, after connecting the AN to mAN i, is
denoted by R; ;. The first condition is used if the demanded data throughputs for the user devices
connected to the mAN i, Dy, are available (D, # @). Then, the score is calculated as the demand
satisfaction ratio (i.e. R/D) averaged over all users N; connected to mAN i. In case of demand
oversatisfaction, (i.e. R/D >1), the score will be preferably set to 1 (indicating the third score has
no influence on the total score), because the throughput improvements may not reflect a further

increase in the user experienced quality of service. On the other hand, if the demanded data
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throughputs for the user devices connected to the mAN i, Dy, are unavailable (D;, = @), the ratio
between the throughput before connecting the AP (denoted by R;,,") and throughput after
connecting the AN (denoted by R,,)), averaged over all user devices N;, will be used. Here, in case
the data throughput after connecting the AN is larger than before connecting the AN, the condition
is set to 1, generally indicating that the third score has no influence on the total score, because the
user device demand condition as expressed in the third score is not a limiting factor for the present
mAN i.

In a further embodiment, a second demanded data throughput demanded by each user
device wirelessly connected to the access node via its fronthaul interface. A preferred embodiment
is denoted in step 113, of collecting the demanded data throughputs of all the user devices Z;
connected to the AN when connected to mAN i.

Similar to the third score, the demand satisfaction of the users using their user devices
connected to the AN may be used to calculate the fourth score S, 4 as follows:

1 & .
— Z mm(l, R, /D, ) if D, #0

Si,4 = Zi z=1
1 if D, =0

In case the second demanded data throughput D, , is available (D;, # ), as in the equation
above the third score is calculated based on the ratio of the data throughputs available for each user
device R;, and D, ,. In case of a ratio over one, a value of one is taken (min(1, ...)), since a user
will not be dissatisfied in this case. An average is taken over all user devices. In case the second
demanded data throughput D;, is unavailable (D;, = 0), a value of one is taken for the fourth score,
in general meaning that the fourth score has no function for the final score.

In case an embodiment of the method is performed wherein scores are calculated, a total
score S;, or S; 1, for each mAN i may be calculated in step 115. The above four scores may be used

to evaluate the association of the AP to each mAN i according to:
Sip=min(S;,,S8,,) XS, XS,

In other words, the first term, min(S;;, S15), captures the MU-MIMO based total data
throughput of the AN delivered to its connected users, the second and the third terms are used to
measure the demand dissatisfaction associated with connecting the AN to the mAN.

When a score has been determined for all mAN’s, the AN may then ben associated with
the mAN having the highest total score §;. Herein, association to the mAN indicates that the AN
will be connected to the wireless network via the highest scoring mAN. The access node uses its
wireless backhaul interface to wirelessly connect to the mAN, and may thereafter for instance join
beamforming groups according to the mAN’s beamforming selection algorithm and may

furthermore create beamforming groups with the user devices connected to its fronthaul interface.
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It will be understood that other scores may be envisaged. In an embodiment wherein all
four scores are taken into account, in general the potential of forming suitable (MU-MIMO) multi-
user groups, such as beamforming groups, for both the devices connected to the mAN (first score)
and the devices connected to the AN (second score, and furthermore optionally taking the user
dissatisfaction for user devices connected to the mAN (third score) and for user devices connected
to the AN (fourth score) into account. The dissatisfaction indicates whether a connection quality,
indicated by for instance a lowering of the ratio of the available data throughput and the user
device demanded data throughput, is increasing.

Figure 3A shows a situation wherein an access node AN 310 is connected to a mAN 1,
301, and is allowed by the mAN 1 to be part of MU-MIMO beamforming group G1, schematically
depicted with dashed line 304. User devices 308 and 306, which are also connected to mAN 1 are
part of G1, together with AN 310. User device 307 is further connected to mAN 1, but not part of
the beamforming group G1. The connection range of the mAN 1 is depicted with circle 302. A
further mAN 2, 320, having a range 322 and user devices 324 and 326 are shown, to which mAN 2
the AN is presently not connected. All devices are part of the same wireless network 300.

The AN 310 itself serves user devices 312 and 314 via its fronthaul interface. The AN has
formed a further MU-MIMO beamforming group (G2, including user devices 312 and 314.

The connection states shown in Figure 3A show a configuration which would resultin a
relatively high total score, when calculated according to the above described preferred
embodiments, because most user devices are included in beamforming groups. Figure 3A
furthermore shows one of the states of connection that the AN 310 may be in, for instance when
evaluating the data throughputs or any other step of the method of the present patent disclosure for
which the AP is temporarily connected to the mAN 1. It may also be that this configuration of
network devices has the highest score, and therefore the access node is associated with the mAN 1.

In Figure 3B, a further situation is shown with the same devices as in Figure 3A. In this
network configuration, the AN 310 is connected to mAN 2, 320, and is serving user devices 312
and 314. The AN 310 furthermore has a range 316. mAN 2 is able to form a beamforming group
(33, schematically depicted with dashed line 328, for user devices 324 and 326. The AN 310 is,
however, not included in G3 by the mAN 2. This may be due to a positioning of the AN or any
other limitation. Furthermore, the AN 310 can not form a beamforming group for the user devices
312 and 314 connected thereto. Although AN 310 appears moved compared to Figure 3A, this is
merely done for sake of clarity. It may be that AN 310 does not move, it may iteratively connect to
mAN 1 and mAN 2 and perform the method according the embodiments disclosed herein.

Hence, the network situation of Figure 3B will provide lower quality of service and/or user

satisfaction than the network situation of Figure 3A. In terms of the total score, the network
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situation of Figure 3B would result in a lower total score, for instance calculated according to the
embodiments of the method of the present disclosure, than calculated for Figure 3A.

Embodiments of the method and/or devices according to the present method have the
advantage that associating the AN to the mAN in a way that both backhaul and fronthaul links are
fully utilized by using MU-MIMO. This is done by associating the AN to the mAN that can best
accommodate the AN, preferably in downlink beamforming groups (or any other suitable MU-
MIMO technique). On the fronthaul link of the AN, the possibility of having a beamforming group
for the users connected directly to the AN is also taken into consideration while choosing the mAP.
In other words, the association of the AN is performed in order to obtain the most synergistic
situation for the AN to be connected to a mAN.

A person of skill in the art would readily recognize that steps of various above-described
methods can be performed by programmed computers. Herein, some embodiments are also
intended to cover program storage devices, e.g., digital data storage media, which are machine or
computer readable and encode machine-executable or computer-executable programs of
instructions, wherein said instructions perform some or all of the steps of said above-described
methods. The program storage devices may be, e.g., digital memories, magnetic storage media
such as a magnetic disks and magnetic tapes, hard drives, or optically readable digital data storage
media. The embodiments are also intended to cover computers programmed to perform said steps
of the above-described methods.

The functions of the various elements shown in the figures, including any functional blocks
labelled as “units”, “processors” or “modules”, may be provided through the use of dedicated
hardware as well as hardware capable of executing software in association with appropriate
software. When provided by a processor, the functions may be provided by a single dedicated
processor, by a single shared processor, or by a plurality of individual processors, some of which
may be shared. Moreover, explicit use of the term “unit”, “processor” or “controller” should not be
construed to refer exclusively to hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor (DSP) hardware, network processor,
application specific integrated circuit (ASIC), field programmable gate array (FPGA), read only
memory (ROM) for storing software, random access memory (RAM), and non volatile storage.
Other hardware, conventional and/or custom, may also be included. Similarly, any switches shown
in the FIGS. are conceptual only. Their function may be carried out through the operation of
program logic, through dedicated logic, through the interaction of program control and dedicated
logic, or even manually, the particular technique being selectable by the implementer as more
specifically understood from the context.

It should be appreciated by those skilled in the art that any block diagrams herein represent

conceptual views of illustrative circuitry embodying the principles of the invention. Similarly, it
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will be appreciated that any flow charts, flow diagrams, state transition diagrams, pseudo code, and
the like represent various processes which may be substantially represented in computer readable
medium and so executed by a computer or processor, whether or not such computer or processor is
explicitly shown.

Whilst the principles of the invention have been set out above in connection with specific
embodiments, it is to be understood that this description is merely made by way of example and

not as a limitation of the scope of protection which is determined by the appended claims.
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Claims

1. Method of associating a multi-user multiple-input multiple-output, MU-MIMO,
capable wireless access node to a wireless network, the wireless network comprising one or more
master access nodes comprising a wired backhaul interface for coupling the master access node to
a backbone network, the method comprising:

determining whether the one or more master access nodes are MU-MIMO capable;

iteratively connecting the access node to each of the master access nodes having MU-
MIMO enabled;

obtaining one or more first available data throughputs for respective potential multi-user
groups to be served by the master access node for each of the MU-MIMO capable master access
nodes having MU-MIMO enabled;

obtaining one or more second available data throughputs for respective potential multi-user
groups served by the access node when connected to the master access node; and

associating the access node to the master access node based on the obtained first and

second available data throughputs.

2. Method according to claim 1, further comprising:

determining a first score for each master access node based on the obtained one or more
available data throughputs served by the master access node;

determining a second score for each master access node based on the obtained available
user data throughputs for respective potential multi-user groups served by the access node;

calculating a total score for each MU-MIMO master access node based on the first and
second scores,

wherein the access node associates with the master access node for which a highest total

score is calculated.

3. Method according to claim 1 or 2, wherein the obtaining one or more first
available data throughputs comprises:

determining the potential multi-user groups to be served by the master access node to
which the access node is connected;

iteratively attempting to join the potential multi-user groups by the access point; and

determining the available data throughputs for each of the potential multi-user groups

where an attempted join of the access point was successful.
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4. Method according to claim 3, wherein the obtaining one or more available data
throughputs for respective potential multi-user groups comprises:
when pre-selected multi-user groups are obtainable from the master access node:
obtain the pre-selected multi user groups from the master access node; and
when one or more of the pre-selected multi-user groups may be joined by the
access point, determine the first score to be the maximum available data throughput of available
data throughputs of the respective multi-user groups, and
when pre-selected multi-user groups are not obtainable from the master access node,
determine the first score to be the average available throughput of all potential multi-user groups

that the access node was able to join.

5. Method according to any of the preceding claims, further comprising:

attempting to obtain a first demanded data throughput for each device wirelessly connected
to the master access node;

obtaining a f{irst device data throughput for each device wirelessly connected to the master
access node, wherein the first device data throughput indicates a data throughput for each device
after the access node is connected to the respective master access node; and

when the demanded data throughput is unavailable, obtaining a second device data
throughput for each device wirelessly connected to the master access node, wherein the second
device data throughput indicates a data throughput for each device before the access node is
connected to the respective master access node,

wherein the associating of the access node is further based on the obtained first device data

throughput and the first demanded data throughput or the second device data throughput.

6. Method according to claim 5 in dependence of claims 2-4, further comprising:

when the first demanded data throughput is available, determining a third score for each
master access node based on the first device data throughput and the first demanded data
throughput; and

when the first demanded data throughput is unavailable, determining a third score for each
master access node based on the first device data throughput and the second data throughput,

wherein the total score is calculated based on the first, second and third scores.

7. Method according to any of the preceding claims, wherein the access node
comprises a backhaul interface for coupling with the master access node and a fronthaul interface

for coupling user devices to the access node, wherein the obtaining one or more available user data
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throughputs for respective potential multi-user groups served by the access node, for each master
access node to which the access node is connected:

obtaining a list of one or more user devices connected to the access point;

determining potential fronthaul multi-user groups to be served by the access node;

determining the available fronthaul data throughputs for each of the potential fronthaul
multi-user groups; and

determining a second score based on the available fronthaul data throughputs,

wherein the total score is calculated based on the first and second scores.

8. Method according to claim 7, wherein the determining of the second score
comprises:
when pre-selected fronthaul multi-user groups are available to the access node:
obtain a list of the pre-selected fronthaul multi-user groups;
when one or more of the pre-selected multi-user groups is available to the access
point, determine the second score to be the sum of available data throughput of the pre-determined
multi-user groups; and
when none of the pre-selected multi-user groups may be joined by the access point,

determine the second score to be the average throughput of all the potential fronthaul multi-user

groups.

9. Method according to any of the preceding claims, wherein the access node
comprises a backhaul interface for coupling with the master access node and a fronthaul interface
for coupling user devices to the access node, the method further comprising:

attempting to obtain a second demanded data throughput for each user device wirelessly
connected to the access node;

obtaining a third device data throughput for each user device wirelessly connected to the
access node; and

wherein the demanded data throughput is available, the associating of the access node is
further based on the obtained third device data throughput and the second demanded data

throughput.

10. Method according to claim 9 in dependence of claims 2-8, further comprising:
when the second demanded data throughput is available, determining a fourth score for
each master access node based on the third device data throughput and the second demanded data

throughput, wherein the total score is calculated based on the first, second, third and fourth scores.
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11. Method according to claim 10, wherein the total score for each master access node
is calculated based by multiplying the third score, the fourth score and the lowest one of the first

and second scores, wherein, when a score is unavailable, said unavailable score is equal to one.

12. Controller for a computing device, wherein the controller is configured to:

determine whether the one or more master access nodes are MU-MIMO capable;

iteratively connect the access node to each of the master access nodes having MU-MIMO
enabled;

obtain one or more first available data throughputs for respective potential multi-user
groups to be served by the master access node for each of the MU-MIMO capable master access
nodes having MU-MIMO enabled;

obtain one or more second available data throughputs for respective potential multi-user
groups served by the access node when connected to the master access node; and

associate the access node to the master access node based on the obtained first and second

available data throughputs.

13. Multi-user multiple-input multiple-output, MU-MIMO, capable access node,

comprising:

a backhaul interface configured for coupling the access node to a backbone
network; and

a fronthaul interface configured for wirelessly connecting the access node to one or
more user devices; and

a controller, wherein the controller is configured to:

determine whether the one or more master access nodes are MU-MIMO capable;

iteratively connect the access node to each of the master access nodes having MU-
MIMO enabled;

obtain one or more first available data throughputs for respective potential multi-
user groups to be served by the master access node for each of the MU-MIMO capable master
access nodes having MU-MIMO enabled;

obtain one or more second available data throughputs for respective potential
multi-user groups served by the access node when connected to the master access node; and

associate the access node to the master access node based on the obtained first and

second available data throughputs.

14. Access node according to claim 13, wherein the controller is further configured to:
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attempt to obtain a first demanded data throughput for each device wirelessly connected to
the master access node;

obtain a first device data throughput for each device wirelessly connected to the master
access node, wherein the first device data throughput indicates a data throughput for each device
after the access node is connected to the respective master access node; and

when the demanded data throughput is unavailable, obtain a second device data throughput
for each device wirelessly connected to the master access node, wherein the second device data
throughput indicates a data throughput for each device before the access node is connected to the
respective master access node,

wherein the associating of the access node is further based on the obtained first device data

throughput and the first demanded data throughput or the second device data throughput.

15. A computer program product comprising a computer-executable program of
instructions for performing, when executed on a computer, the steps of the method of any one of

claims 1-10.
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