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(57) ABSTRACT

Aspects of this disclosure relate to forming clusters of user
equipments and network nodes. A first cluster of first user
equipments and first network nodes in a first section can be
formed for a time slot. A second cluster of second user
equipments and second network nodes in a second section
can be formed for the time slot such that the first user
equipments are protected from interference associated with
the second cluster. During the time slot, the first section has
higher priority than the second section. Multiple-input mul-
tiple-output wireless communications can occur during the
time slot (a) from the first network nodes to the first user
equipments and (b) from the second network nodes to the
second user equipments.
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CLUSTERING IN MULTIPLE-INPUT
MULTIPLE-OUTPUT COMMUNICATION
SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority of
U.S. Provisional Patent Application No. 63/108,170, filed
Oct. 30, 2020 and titled “CLUSTERING AND/OR RATE
SELECTION IN MULTIPLE-INPUT MULTIPLE OUT-
PUT COMMUNICATION SYSTEMS,” the disclosure of
which is hereby incorporated by reference herein in its
entirety and for all purposes. The present disclosure relates
to U.S. patent application Ser. No. , filed on even
date herewith and titled “RATE SELECTION IN MUL-
TIPLE-INPUT MULTIPLE OUTPUT COMMUNICATION
SYSTEMS,” the disclosure of which is hereby incorporated
by reference herein in its entirety and for all purposes.

BACKGROUND

Technical Field

[0002] Embodiments of this disclosure relate to for wire-
less communication systems.

Description of Related Technology

[0003] In a wireless communication system, there can be
a plurality of user equipments (UEs) and a plurality of
remote radio units (RRUs) in a particular geographic area.
Scheduling multiple-input multiple-output (MIMO) wire-
less communications between the UEs and the RRUs in a
way that efficiently utilizes resources with relatively low
interference can be computationally complex. Methods of
determining RRUs to serve UEs with high throughput are
desired. Methods of efficiently selecting rate and/or rank for
UEs in a MIMO wireless communication environment are
desired.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0004] The innovations described in the claims each have
several aspects, no single one of which is solely responsible
for its desirable attributes. Without limiting the scope of the
claims, some prominent features of this disclosure will now
be briefly described.

[0005] One aspect of this disclosure is a method of inter-
ference aware clustering. The method includes forming a
first cluster of first user equipments and first network nodes
in a first section during a time slot, forming a second cluster
of second user equipments and second network nodes in a
second section during the time slot such that the first user
equipments are protected from interference associated with
the second cluster, and causing multiple-input multiple-
output wireless communications during the time slot (a)
from the first network nodes to the first user equipments and
(b) from the second network nodes to the second user
equipments. The first section has higher priority than the
second section in the time slot;

[0006] The first network nodes can include first remote
radio units, and the second network nodes can include
second remote radio units.

[0007] Forming the second cluster can include excluding
one or more dominant interfering network nodes in the
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second section from the second cluster. Forming the second
cluster can include excluding one or more victim user
equipments in the second section from the second cluster.
The method can include assigning one or more dimensions
in the second cluster for nulling to one or more victims of the
first user equipments in the first cluster to reduce inter-
cluster interference during the time slot.

[0008] Forming the first cluster can include sorting the
first user equipments by user equipment priority and a
selecting a network node to serve the highest priority user
equipment of the first user equipments first. Forming the first
cluster can include determining to stop forming the first
cluster in response to a maximum number of user equip-
ments being in the first user equipments. Forming the first
cluster can include determining to stop forming the first
cluster in response to no more network nodes in the first
section being available for scheduling.

[0009] Forming the first cluster can include selecting a
particular network node of the first network node to serve a
user equipment of the first user equipments based on (i) a
network node of the first network nodes with a highest
channel quality measure for the user equipment being
unavailable and (ii) the particular network node having a
channel quality measure within a threshold of the highest
channel quality measure.

[0010] The method can include determining (i) a network
node of the first network nodes with a highest channel
quality measure for each of the first user equipments and (ii)
one or more other network nodes of the first network nodes
with a channel quality measure within a threshold of the
highest channel quality measure for each of the first user
equipments, in which the first cluster in formed based on the
determining. The method can include estimating a Sounding
Reference Signal channel estimate between an antenna of a
user equipment of the first user equipments and an antenna
of a network node of the first network nodes, and computing
an average of squared channel estimates of all antennas of
the first network nodes and the antenna of the user equip-
ment of the first user equipments. The determining can be
based on the average of squared channel estimates.

[0011] The method can include forming clusters of user
equipments and network nodes during a second time slot
such that a cluster for the second section is protected from
interference associated with a cluster for the first section, in
which the second section has higher priority than the first
section in the second time slot.

[0012] The method can include ordering a candidate layer
set of layers for the first cluster, selecting a layer of the
candidate set that satisfies one or more conditions, compar-
ing a first sum rate of a selected layer set with a second sum
rate of the layer together with the selected layer set, deter-
mining to include the layer in the selected layer set based on
the comparing, and performing rate selection for the first
user equipments of the first cluster based on the selected
layer set.

[0013] The method can include selecting first ranks asso-
ciated with the first user equipments, selecting second ranks
associated with the second user equipments, determining
one or more user equipments of the first user equipments to
protect, computing precoding coefficients for the second
cluster with nulling based on the second user equipments
and the one or more user equipments of the first user
equipments to protect, and causing wireless transmission
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from the second network nodes to the second user equip-
ments using the precoding coefficients.

[0014] Another aspect of this disclosure is a network
system with interference aware clustering. The network
system includes network nodes and one or more baseband
processing units. The network nodes are configured to
wirelessly exchange information with user equipments. The
network nodes include first network nodes in a first section
and second network nodes in a second section. The one or
more baseband processing unit are programmed to: form a
first cluster of a first group of the user equipments and the
first network nodes during a time slot; form a second cluster
of a second group of the user equipments and the second
network nodes during the time slot such that the first group
of the user equipments are protected from interference
associated with the second cluster, wherein the first section
has higher priority than the second section in the time slot;
and cause multiple-input multiple-output wireless commu-
nications during the time slot (a) from the first network
nodes to the first group of the user equipments and (b) from
the second network nodes to the second group of the user
equipments.

[0015] The network nodes can include remote radio units.
The one or more baseband processing units can include a
distributed unit in accordance with a New Radio standard.
[0016] The one or more baseband processing units can be
programmed to exclude one or more dominant interfering
network nodes in the second section from the second group
of the user equipments in forming the second cluster. The
one or more baseband processing units can be programmed
to exclude one or more victim user equipments in the second
section from the second group of the user equipments in
forming the second cluster. The one or more baseband
processing units can be programmed to assign one or more
dimensions in the second cluster for nulling to one or more
victims of the first group of the user equipments in the first
cluster to reduce inter-cluster interference.

[0017] Another aspect of this disclosure is a method of
user equipment rate selection. The method includes ordering
a candidate layer set of layers for a cluster comprising user
equipments and network nodes, selecting a layer of the
candidate set that satisfies one or more conditions, compar-
ing a first sum rate of a selected layer set with a second sum
rate of the layer together with the selected layer set, deter-
mining to include the layer in the selected layer set based on
the comparing, and performing rate selection for user equip-
ments of the cluster based on the selected layer set. The
method is performed by a network system.

[0018] The network nodes can include remote radio units.
The method can include causing wireless transmissions from
the network nodes to the user equipments after the perform-
ing the rate selection.

[0019] The one or more conditions can include (a) being
within a threshold number of layers from a beginning of the
candidate set after the ordering and (b) having a lowest
average correlation with layers already in the selected layer
set.

[0020] The first and second sum rates can be weighted
sums. The ordering can be based on an achievable rate of a
single layer transmission. The rate selection can include
modulation and coding scheme (MCS) selection.

[0021] The method can include iterating the selecting, the
comparing, and the determining until a termination condi-
tion is satisfied. The second sum rate can be based on the
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sum rate from a previous iteration of the selecting, the
comparing, and the determining.

[0022] Another aspect of this disclosure is a method of
multi-cluster user equipment rate selection. The method
includes selecting first user equipments and associated first
ranks for a first cluster that includes the first user equipments
and first network nodes, selecting second user equipments
and associated second ranks for a second cluster that
includes the second user equipments and second network
nodes, determining one or more user equipments of the
second user equipments to protect, computing precoding
coeflicients for the first cluster with nulling based on the one
or more user equipments of the second user equipments to
protect, and causing wireless transmission from the first
network nodes to the first user equipments using the pre-
coding coefficients.

[0023] The first network nodes can include first remote
radio units. The second network nodes can include remote
radio units.

[0024] The method can include performing rate selection
for the first user equipments, and performing rate selection
for the second user equipments. The performing rate selec-
tion for the first user equipments can be independent of the
performing rate selection for the second user equipments.
Alternatively, the performing rate selection for the first user
equipments can account for interference from the second
cluster.

[0025] The method can include computing the interfer-
ence from the second cluster based on channel fadings and
a calculated precoder coefficient. The interference from the
second cluster can be associated with long term channel
conditions.

[0026] The method can include allocating frequency and
time resources to the first cluster and the second cluster prior
to the selecting the first user equipments and associated
ranks.

[0027] Selecting the first user equipments can account for
interference from another cluster.

[0028] The method can include estimating a Sounding
Reference Signal channel estimate between an antenna of a
user equipment of the first user equipments and an antenna
of a network node of the first network nodes, and computing
an average of squared channel estimates of all antennas of
the first network nodes and the antenna of the user equip-
ment of the first user equipments, in which the selecting the
first user is based on the average of squared channel esti-
mates.

[0029] Another aspect of this disclosure is a network
system with user equipment rate selection. The network
system includes network nodes configured to wirelessly
exchange information with user equipments and one or more
baseband processing units in communication with the net-
work nodes. The one or more baseband processing pro-
grammed to order a candidate layer set of layers for a cluster
comprising the user equipments and the network nodes,
select a layer of the candidate set that satisfies one or more
conditions, compare a first sum rate of a selected layer set
with a second sum rate of the layer together with the selected
layer set, determine to include the layer in the selected layer
set based on comparing the first sum rate with the second
sum rate, perform rate selection for user equipments of the
cluster based on the selected layer set, and cause wireless
transmissions from the network nodes to the user equip-
ments based on the rate selection.
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[0030] The network nodes can include remote radio units.
The one or more baseband processing units can include a
distributed unit in accordance with a New Radio standard.
[0031] The one or more baseband processing units can be
programmed to perform rate selection for a second cluster of
second network nodes and second user equipments taking
into account interference between the first cluster and the
second cluster.

[0032] The one or more baseband processing units can be
programmed compute precoding coefficients for the first
cluster with nulling based on protecting one or more user
equipments of a second cluster.

[0033] Another aspect of this disclosure is a method of
determining Reference Signal Received Power (RSRP)
between a user equipment and a remote radio unit. The
method includes estimating a Sounding Reference Signal
(SRS) channel estimate between an antenna at the user and
an antenna at the remote radio unit, and computing an
average of squared channel estimates of all antennas of the
remote radio unit from the antenna of the user equipment.
The method can be performed by a baseband processing unit
of a network system.

[0034] The RSRP is a measure of a long term channel
condition. The RSRP can be used to determine that the
remote radio unit is an interfering remote radio unit. The
RSRP can be used to determine that the user equipment is a
victim of the remote radio unit. The RSRP can be used with
clustering disclosed herein. For example, the RSRP can be
used to determine which user equipments to protect in
forming one or more clusters. As another example the RSRP
can be used to determine strongly associated remote radio
units and weakly associated RRUs. The RSRP can be used
with user equipment rate selection disclosed herein. For
example, the RSRP can be used as an indication on long
term inter-cluster interference in rate selection.

[0035] Another aspect of this disclosure is non-transitory,
computer-readable storage comprising computer-executable
instructions, wherein the computer-executable instructions,
when executed by a baseband processing unit, cause a
method described in one or more of the preceding para-
graphs of this summary action to be performed.

[0036] For purposes of summarizing the disclosure, cer-
tain aspects, advantages and novel features of the innova-
tions have been described herein. It is to be understood that
not necessarily all such advantages may be achieved in
accordance with any particular embodiment. Thus, the inno-
vations may be embodied or carried out in a manner that
achieves or optimizes one advantage or group of advantages
as taught herein without necessarily achieving other advan-
tages as may be taught or suggested herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Embodiments of this disclosure will now be
described, by way of non-limiting example, with reference
to the accompanying drawings.

[0038] FIG. 1A is a flow diagram of an example method
of clustering and rate selection according to an embodiment.
[0039] FIG. 1B is a schematic diagram illustrating an
example multiple-input multiple-output (MIMO) network
environment where clustering and/or rate selection can be
performed in embodiments.

[0040] FIGS. 1C and 1D are schematic diagrams of
example sections in different time slots.
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[0041] FIG. 2 is a flow diagram of an example method of
clustering according to an embodiment.

[0042] FIG. 3 is a flow diagram of an example method of
clustering network nodes and users in a section with higher
priority according to an embodiment.

[0043] FIG. 4 is a flow diagram of an example method of
clustering network nodes and users in a section with lower
priority according to an embodiment.

[0044] FIG. 5 is a flow diagram of an example method of
clustering according to an embodiment.

[0045] FIG. 6 is a flow diagram of an example method of
single cluster user rate selection according to an embodi-
ment.

[0046] FIG. 7 is an illustration related to calculating a
number of subframes a user is scheduled in during a sliding
window.

[0047] FIG. 8 is a flow diagram of an example method of
multi-cluster user rate selection according to an embodi-
ment.

[0048] FIG. 9 is a flow diagram of an example method of
multi-cluster user rate selection according to another
embodiment.

[0049] FIG. 10 is a schematic diagram of a user equipment
that transits a reference signal to a plurality of remote radio
units.

[0050] FIG. 11 is a diagram related to calculating long
term Reference Signal Received Power.

[0051] FIG. 12 is a schematic block diagram illustrating
part of a network system for clustering according to an
embodiment.

[0052] FIG. 13 is a schematic block diagram illustrating
part of a network system for clustering according to another
embodiment.

[0053] FIG. 14 is a schematic block diagram illustrating
part of a network system for user rate selection according to
an embodiment.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS

[0054] The following description of certain embodiments
presents various descriptions of specific embodiments.
However, the innovations described herein can be embodied
in a multitude of different ways, for example, as defined and
covered by the claims. In this description, reference is made
to the drawings where like reference numerals can indicate
identical or functionally similar elements. It will be under-
stood that elements illustrated in the figures are not neces-
sarily drawn to scale. Moreover, it will be understood that
certain embodiments can include more elements than illus-
trated in a drawing and/or a subset of the elements illustrated
in a drawing. Further, some embodiments can incorporate
any suitable combination of features from two or more
drawings. The headings provided herein are for convenience
only and do not necessarily affect the scope or meaning of
the claims.

[0055] This disclosure provides technical solutions related
to clustering remote radio units (RRUs) and user equipments
(UEs) in multi-user multiple-input multiple-output (MU-
MIMO) systems. This disclosure provides technical solu-
tions related to rate selection within one or more clusters in
MU-MIMO systems.

[0056] FIG. 1A is a flow diagram of an example method
100 of clustering and rate selection. At block 102, interfer-
ence aware clustering is performed. RRUs and UEs can be
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clustered into groups. RRUs and UEs within a section or
geographical area can be clustered. Clustering can be per-
formed for a plurality of different sections. The clustering
can account for interference. The clustering at block 102 can
be implemented in accordance with any suitable principles
and advantages of clustering disclosed herein. Rate selection
can be performed at block 104. The rate selection can be
performed for each cluster determined at block 102. The rate
selection can be single cluster rate selection in certain
applications. The rate selection can be multi-cluster rate
selection in some other applications. The rate selection at
block 104 can be implemented in accordance with any
suitable principles and advantages of rate selection disclosed
herein.

[0057] FIG. 1B is a diagram illustrating an example
MIMO network environment 110 that includes UEs 112A-
112K, RRUs 114A-114N, a distributed unit (DU) 120, and
a centralized unit (CU) 130. In the MIMO network envi-
ronment 110, UEs 112A-112K and RRUs 114A-114N can
wirelessly communicate with each other. As illustrated, one
or more RRUs 114A-114N can include multiple antennas.
The RRUs 114A-114N can be serving nodes.

[0058] Aspects of this disclosure relate to achieving high
throughput in the MIMO network environment 110. As
illustrated, the RRUs 114A-114N are in communication with
the DU 120. The DU 120 can implement any suitable
features of a DU specified in a New Radio (NR) standard.
The DU 120 can perform clustering and/or user rate selec-
tion in accordance with any suitable principles and advan-
tages disclosed herein. The DU 120 can cluster UEs 112A-
112K and RRUs 114A-114N in accordance with any suitable
principles and advantages disclosed herein. The DU 120 can
perform rate selection on one or more clusters that each
include a subset of these UEs and RRUs in accordance with
any suitable principles and advantages disclosed herein. In
some instances, clustering and/or rate selection can be
performed by two or more DUs. Two or more DUs can be
in communication with the RRUs 114A-114N in some
applications. The DU 120 is in communication with the CU
130. The CU 130 can implement any suitable features of a
CU specified in a NR standard. In certain applications, the
functions of the CU 130 and DU 120 can be combined into
a single unit. In some applications, similar functions to the
DU 120 and CU 130 can be performed by a baseband unit
(BBU) in accordance with an LTE standard.

[0059] Various standards and/or protocols may be imple-
mented in the MIMO network environment 110 to wirelessly
communicate data between a RRU and a UE communication
device. Some wireless devices may communicate using an
orthogonal frequency-division multiplexing (OFDM) digital
modulation scheme via a physical layer. Example standards
and protocols for wireless communication in the network
environment 110 can include the third generation partner-
ship project (3GPP) Long Term Evolution (LTE), Long
Term Evolution Advanced (LTE Advanced), 3GPP New
Radio (NR) also known as 5G, Global System for Mobile
Communications (GSM), Enhanced Data Rates for GSM
Evolution (EDGE), Worldwide Interoperability for Micro-
wave Access (WIMAX), and the IEEE 802.11 standard,
which may be known as Wi-Fi. In some systems, a radio
access network (RAN) may include one or more base
stations associated with one or more evolved Node Bs (also
commonly denoted as enhanced Node Bs, eNodeB s, or eNB
s), gNBs, or any other suitable Node Bs (xNBs). In some
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other embodiments, radio network controllers (RNCs) may
be provided as the base stations. A base station provides a
bridge between the wireless network and a core network
such as the Internet. The base station may be included to
facilitate exchange of data for the wireless communication
devices of the wireless network. A base station can perform
clustering and/or rate selection is accordance with any
suitable principles and advantages disclosed herein.

[0060] A UE of the UEs 112A-112K can include a device
used by a user with wireless communication capabilities
such as a smartphone, a laptop, a tablet computer, cellular
telephone, a wearable computing device such as smart
glasses or a smart watch or an ear piece, one or more
networked appliances (e.g., consumer networked appliances
or industrial plant equipment), an industrial robot with
connectivity, or a vehicle. In some implementations, the UE
may include a sensor or other networked device configured
to collect data and wirelessly provide the data to a device
(e.g., server) connected to a core network such as the
Internet. Such devices may be referred to as Internet of
Things devices (IoT devices). A UE may be referred to as a
user herein. UEs may be referred to as users herein. A
downlink (DL) transmission generally refers to a commu-
nication from a network system to a UE. An uplink (UL)
transmission generally refers to a communication from the
UE to the network system.

[0061] Although features may be disclosed with reference
to users or UEs, any suitable principles and advantages
disclosed herein can be implemented with any suitable
wireless communication devices. As one example, cluster-
ing and/or rate selection can alternatively or additionally be
applied to a network device and a network node. For
instance, the network device can be an integrated access and
backhaul (IAB) node and the network node can be an IAB
donor. Although features may be disclosed with reference to
RRUs, any suitable principles and advantages disclosed
herein can be implemented with any suitable serving nodes.
[0062] FIGS. 1C and 1D illustrate example sections in
different time slots. In this example, sections can have a
pattern similar to a chess board. Any other suitable sections
can be defined. The highest priority sections during a time
slot have dark solid shading in FIGS. 1C and 1D. The lower
priority sections during the time slot have a diagonal pattern
shading in FIGS. 1C and 1D. FIGS. 1C and 1D illustrates
that highest priority and lower priority can switch among
time slots. For example, FIG. 1C can indicate priority in a
first time slot and FIG. 1D can indicate priority in a second
time slot following the first time slot.

Interference Aware Clustering

[0063] In a MU-MIMO environment, there can be mul-
tiple UEs and multiple RRUs. Interference aware trivial user
grouping algorithms (ITUGAs) can form clusters of RRUs
and UEs in a MU-MIMO environment. Multi-cluster meth-
ods can form clusters of RRUs each serving a group of users.
The RRUs can exchange wireless communications that are
overlapping in time and/or frequency. The clusters can be
formed to increase overall system throughput in one or more
time slots.

[0064] Multiple sections or geographic areas can each
include of a group of users and a group of RRUs in a
wireless communication environment. A section can corre-
spond to a particular geographic area. A cluster of RRUs can
be formed in each section. The cluster of RRUs can serve a
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group of users in the same area. Clustering methods can
determine how to turn on the RRUs and grow clusters in
each area. With an ITUGA, groups of sections with rela-
tively low interference between the groups can be formed.
For each time and frequency, one of the groups of sections
can have higher priority and users in these groups should be
protected from interference associated with one or more
other groups of other sections. Which users to protect can be
determined by Reference Signal Received Power (RSRP),
another indication of channel quality, or any other suitable
parameter. In certain applications, RRUs in lower priority
groups can be on only if such RRUs are not causing a
significant interference on wireless communications associ-
ated with higher priority groups. Although example cluster-
ing methods may be described with reference to clusters
being divided into two groups, any suitable principles and
advantages of these clustering methods can be applied to
applications where clusters are divided into three or more
groups.

[0065] FIG.2 is aflow diagram of an example method 200
of clustering according to an embodiment. In the method
200, clusters of RRUs that overlap in frequency and time
each serving users can be formed. At block 202, weakly and
strongly associated RRUs can be determined for each user in
a section. A strongly associated (SAS) RRU can be the RRU
with a highest measure of channel quality, such as channel
gain, for a user. A weakly associated (WAS) RRU of a user
can be an RRU with a channel gain or other measure of
channel quality within a threshold §, of the strongest chan-
nel of the user. There can be a plurality of WAS RRUs for
a user in a section in certain instances. The WAS and SAS
RRUs can be determined for users in a plurality of sections.
The WAS and SAS RRUs can be determined based on
Reference Signal Received Power (RSRP). RSRP can be
measured at a RRU, for example, as described in more detail
below. A best channel can have a strongest signal.

[0066] A group of sections with the highest priority in a
time slot can be identified at block 204. One or more other
groups of sections with lower priority in the time slot can be
identified. The highest priority typically switches between
groups of sections for different time slots. A highest priority
group in one time slot can become a lower priority group in
a subsequent time slot.

[0067] A set of RRUs and users in each section of the
highest priority group can be clustered at block 206. More
details of an embodiment of this clustering will be described
with reference to FIG. 3. Clustering of each section with
highest priority can be performed in parallel. A set of RRUs
and users in each section of the lower priority group can be
clustered so as to protect the highest priority group at block
208. This can involve turning off RRUs of the lower priority
group that are dominant interferers of users in the higher
priority group. Clustering RRUs and users at block 208 can
involve protecting users of the lower priority group that are
victims of RRUs of the cluster for the higher priority group.
RRUs of a lower priority group without significant interfer-
ence with any highest priority group can be clustered at
block 208. More details of an embodiment of this clustering
will be described with reference to FIG. 4. Clustering of
each section with lower priority can be performed in paral-
lel. After forming clusters in highest priority sections and the
lower priority sections for a time slot, wireless communi-
cations can be scheduled for the clusters in the time slot.
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[0068] FIG. 3 is a flow diagram of an example method 210
of clustering RRUs and users in a section with the highest
priority according to an embodiment. The method 210 can
be performed at block 206 of the method 200. The method
210 can be performed for each section with the highest
priority in a time slot in a wireless communication environ-
ment.

[0069] At block 212, users of a section can be sorted based
on a user priority. A user can be selected based on its priority
at block 214. The highest priority user can be selected first.
The next highest priority user can be selected in a next
iteration.

[0070] Whether a SAS RRU of the selected user is avail-
able can be determined at block 216. If the SAS RRU of the
selected user is available, the user can be selected to be
scheduled with the SAS RRU at block 218. The number of
users in a cluster assigned to an RRU in the cluster is defined
by an association set (AS) index of the RRU. The AS index
is less than or equal to a maximum index AS,,, . The AS
index for the SAS RRU of the selected user can be incre-
mented at block 218.

[0071] Ifthe SAS RRU of the selected user in unavailable,
whether a WAS RRU of the selected user is available can be
determined at block 220. When one or more WAS RRUs of
the selected user are available, a WAS RRU with a highest
channel gain or other measure of channel quality, such as
RSRP, can be selected to serve the selected user at block
222. The AS index for the WAS RRU can be incremented at
block 222. When neither the SAS RRU nor a WAS RRU is
available to the selected user, the selected user can be
skipped and not scheduled for the time slot at block 224.
Then the method can return to block 214. The next highest
user can then be selected at block 214.

[0072] After an RRU is selected to serve the selected user
at block 218 or block 222, the availability of the selected
RRU can be updated at block 226. An RRU can be unavail-
able if the AS index for that RRU reaches AS,,,.. If it is
determined that there are no more RRUs available at block
228, clustering can be concluded in the section at block 230.
On the other hand, if one or more RRUs are determined to
be available at block 228, the number of users scheduled in
the cluster can be compared to a maximum number of users
UE,, .. to schedule in the cluster at block 232. When the
number of users scheduled reaches the maximum number of
users UE . the clustering for the section can be concluded
at block 230. Accordingly, clustering can be concluded for
the section when RRUs of the section are no longer available
and/or when a maximum number of users are scheduled.
[0073] When one or more RRUs are available and the
number of users scheduled is less than a maximum number
of'users UE,,, ., the method can return to block 214. The next
highest user can then be selected at block 214 and another
iteration of the method 210 can be performed.

[0074] FIG. 4 is a flow diagram of an example method 240
of clustering RRUs and users in a section with lower priority
according to an embodiment. The method 240 can be
performed at block 208 of the method 200. The method 240
can be performed for each section with the lower priority in
a time slot in a wireless communication environment.
[0075] If a long-term channel gain, such as a RSRP,
between RRU g and user u are within a threshold d, of the
long-term channel gain between user u and its associated
RRU, RRU g is a dominant interferer of user u and user u
is a victim of RRU g. At block 242, RRUs that are dominant
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interferers of scheduled users in the highest priority group
can be turned off. The availability of these RRUs can be set
to zero. Users that are victims of the RRUs that are on in the
highest priority group can be removed from a list of candi-
date users for the time slot at block 244. Accordingly,
dominant interfering RRUs and victim users from the lower
priority group can be inactive during the time slot. Thus,
interference among the highest priority group and the lower
priority group can be accounted for in clustering RRUs and
users in a section for a time slot. In some other embodi-
ments, either dominant interfering RRUs or victim users
from the lower priority group can be inactive during the time
slot.

[0076] The remaining users and RRUs for the lower
priority group can then be processed similarly to the higher
priority group. If a SAS RRU of a user is available, the user
can be selected to be scheduled with the SAS RRU and the
AS index can be increased for that RRU at block 218. If the
SAS RRU of the user is not available, then whether any of
the WAS RRUs are available can be determined at block
220. Among any available RRUs of WAS RRUs, the WAS
RRU with the highest channel gain can be chosen to serve
the user and the AS index for that RRU can be increased at
block 222. If no SAS or WAS RRUs are available for the
user, the user can be skipped for scheduling during the time
slot at block 224. The availability of the RRUs in the section
can then be updated. An RRU can be unavailable if the AS
index for that RRU reaches the AS,, . If there are no more
RRUs available as determined at block 228, clustering can
be concluded in this section at block 230. The number of
scheduled users in the cluster can be compared to the
maximum number of users UE, . for the cluster at block
232. If the number of users reaches the maximum number of
users UE,, ., clustering can be concluded in the section at
block 230.

[0077] FIG. 5 is a diagram illustrating a method 250 of
clustering according to an embodiment. Frequency can be
allocated among clusters at block 252. Frequency can over-
lap for the clusters.

[0078] For a first section with highest priority, users and
associated RRUs can be selected based on the order of user
priority at block 254. A highest priority user can be sched-
uled with a SAS RRU. The next highest user can be
scheduled with a RRU of the available RRUs with a highest
channel gain. Users can be scheduled with RRUs until no
more RRUs are available and/or a maximum number of
users are scheduled.

[0079] Then information identifying selected users and
RRUs of the highest priority section in a time slot can be
provided for clustering a lower priority section in the time
slot. In the second section, victim users can be removed
and/or dominant interfering RRUs can be turned off based
on an average channel estimates at block 256. Users of the
remaining users can be scheduled with RRUs of the remain-
ing RRUs by the order of user priority at block 258.
[0080] In embodiments, all available beams can be used
for wireless communication. According to some other
embodiments, after clustering of RRUs with UEs, one or
more particular beams can be selected using interference
aware beam selection. Weights for RRUs and/or precoding
can be determined to reduce interference.

Interference Aware Clustering Integrated with Nulling
[0081] Interference aware clustering can include inte-
grated nulling. For integrated nulling, a fixed portion of
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extra dimension(s) in each cluster can be used to null top
victims outside the cluster, reduce inter-cluster interference,
increase overall throughput, or any combination thereof. The
number of dimensions available for nulling can be a fixed
ratio of the number of RRUs in a particular cluster. For
interference aware clustering with integrated nulling, no
further user and rank selections are applied in certain appli-
cations.

[0082] The method 200 of FIG. 2 can be performed with
integrated nulling. The operations at blocks 202 and 204 can
be implemented in accordance with any suitable principles
and advantages discussed with reference to FIG. 2. The
operations at block 206 and 208 can include integrated
nulling features.

[0083] Aftera set of RRUs and users in each section of the
highest priority group is clustered at block 206, integrated
nulling operations related to the highest priority group can
be applied at block 206. A number of available nulling
dimensions in a cluster i can be computed after a set of
RRUs is selected as part of the cluster i. The available
nulling dimensions N, for a cluster i can have a maximum
value of N, ,/=round (ox#RRU,), where o is a design
parameter. From the selected users in the highest priority
group outside cluster i, a set of users V, that are the victims
of cluster i can be created. U,/ is a set of users outside
cluster 1 that cluster i chooses to null a signal to. The number
of layers assigned to a user is L. The top

o Niui
K=mi T,length(\/;)

with highest priority from V, can be added to U, ; and
N,,/=N ./-LxK can be updated.

[0084] As discussed above, a set of RRUs and users in
each section of the lower priority group can be clustered so
as to protect the highest priority group at block 208 of the
method 200. Clustering RRUs and users in each section of
the lower priority group can involve integrated nulling.
Integrated nulling features can be implemented with differ-
ent operations than the method 240 of FIG. 4. For each
section in the lower priority group, the following operations
can be performed in any suitable order to implement clus-
tering with integrated nulling.

[0085] A set of RRUs of the lower priority section with
enough dimension to null to all their victims in the highest
priority group can be turned on. Selecting RRUs to turn on
for nulling can involve sorting RRUs based on the number
of their victims in the highest priority group, growing a set
of RRUs by adding RRUs with the same order, an RRU can
be added only if after adding that RRU the cluster can null
to all its victims, otherwise the next RRU can be evaluated.
In some other applications, selecting RRUs to turn on for
nulling can involve including all RRUs in the section in a set
and the RRUs can be removed one by one, each time
removing the RRU that has the most distinct victims until
the number of available nulling dimensions is equal or more
than the number of victims.

[0086] Users for the lower priority section can be selected
based on their priority. A highest priority user can be
selected first. Then a next highest priority user can be
selected. Whether the selected user is in a victim group of
RRUs in the highest priority group can be determined. If the
selected user is in the victim group, then it can be determined
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whether the clusters of dominant interferers have enough
dimension to null to the selected user. If there is not enough
dimension, the user can be skipped. Otherwise, if there is
sufficient dimension, it can be determined whether a SAS
RRU of the selected user is available. If the SAS RRU is
available, the SAS RRU can be select the user to be
scheduled and increase the AS index for that RRU. This user
can also be added to the nulling list of all its dominant
interferer clusters and the nulling availability of the domi-
nant interferer clusters accordingly. If the SAS RRU of the
selected user is not available, it can be determined whether
any of the WAS RRUs are available. Among any available
WAS RRUSs, the one with the highest channel gain channel
can be selected for scheduling the user and the AS index for
that RRU can be increased. The user can be added to the
nulling list of all its dominant interferer clusters and their
nulling availability can be adjusted accordingly. If no SAS
RRU or WAS RRU for the selected user is available,
scheduling the selected user can be skipped for this time slot.

[0087] The availability of RRUs of the section can be
updated. An RRU can be unavailable when the AS index for
that RRU reaches the AS,, .. If there are no more RRUs
available, clustering can be concluded in the section. A
number of scheduled users in can be compared to a maxi-
mum number of users UE,, . for scheduling. The next user
can be selected if the number of scheduled users is less than
the maximum number of users UE,,, ,, for scheduling. On the
other hand, when number of scheduled users reaches the
maximum number of users UE,, . for scheduling, clustering
can be concluded for the section. Accordingly, clustering in
the section can be concluded when no more RRUs are
available and/or when a maximum number of users has been
scheduled.

Single Cluster Rate Selection

[0088] After RRUs and users have been clustered, user
rate selection can be performed in each cluster. Such clus-
tering can be implemented in accordance with any suitable
principles and advantages disclosed herein. Efficient user
and rank selection methods for a single cluster that achieve
a desirable balance between performance and complexity
are disclosed.

[0089] FIG. 6 is a flow diagram of an example method 300
of a single cluster user rate selection according to an
embodiment. The method 300 can be performed at block
104 of the method 100 of FIG. 1A. The method 300 can be
performed for one or more clusters in a wireless communi-
cation environment. In the method 300, blocks 302, 304,
306, 308, 310, 312, 314, 315, and 315 relate to user and rank
selection; block 318 relates to Modulation and Coding
Scheme (MCS) selection; and block 320 relates to outer-
loop link adaption.

[0090] At block 302, parameters for user rate selection can
be initialized. Such parameters can include a layer candidate
set T', a selected layer set S, a layer count 1 and a window
size w. The candidate layer set T' can include candidate
layers for wireless communications in the cluster. The
selected layer set S can be initialized to be a null set. The
layer count I can be initialized to 0. The window size w can
be initialized to any suitable number, such as 3.

[0091] The candidate layer set T' can be reordered at block
304. The reordered candidate layer set T can be ordered in
descending order of priority. In certain applications, trans-
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mission layers are reordered. The order can be determined
based a weighted single-rate layer in various applications.

[0092] If it is determined that one or more layers can be
added at decision block 306, the method 300 can proceed to
evaluate whether a particular candidate layer from the
reordered candidate layer set T increases a sum rate, such as
a weighted sum rate, in the cluster.

[0093] A layer g* that satisfies a set of one or more
conditions is selected at block 308. As discussed above, a
window size w can be set at block 302. The window size w
can represent a sliding window. The window size w can be
used to limit the number of layers and/or users for consid-
eration in an iteration of the method 300. A set of conditions
for selecting the layer q* can include (1) the selected layer
q* belonging to the first w elements of the ordered set T and
(2) among the first w elements of set T, layer q* has the
lowest averaged correlation with all the already selected
layers. Any other suitable conditions can alternatively or
additionally be used for selecting the layer q*.

[0094] A sum rate, such as a weighted sum rate (WSR), of
union (S, {q*}) can be calculated at block 310, where set S
includes all of the already selected layers. A WSR can be
independently calculated during each iteration of the method
300. In some other applications, a WSR can be calculated in
an iterative manner based on the WSR calculated from the
previous iteration. With iterative precoder calculation, itera-
tive WSR calculation can be implemented.

[0095] The sum rate, such as the WSR, with the layer q*
can be compared to a previous sum rate at block 312. The
previous sum rate is the sum rate of the selected layer set S.
Based on the comparison, the layer q* can be either effec-
tively selected or discarded. The comparison can involve a
WSR or an unweighted sum rate.

[0096] Ifthe calculated sum rate is larger than the previous
sum rate, the layer q* increases the sum rate. In certain
instances, the layer q* can be considered effectively selected
when the calculated WSR is greater than the previous WSR.
The layer q* can be considered effectively selected when the
calculated WSR is greater than the previous WSR by a
pre-determined amount in various applications. This can
ensure that the layer q* provides a sufficient increase in
WSR to be effectively selected. After the layer q* is effec-
tively selected, the layer q* can be added to the selected
layer set at block 314. The method 300 can return to block
306 after block 314 and a next iteration of the method 300
can be performed.

[0097] Ifthe calculated sum rate is less than or equal to the
previous sum rate, the layer q* can be discarded and not
included in the selected layer set S in certain applications. If
the calculated WSR is not greater than the previous WSR by
a pre-determined amount, the layer q* can be discarded and
not included in the selected layer set S in various applica-
tions. When the layer g* is discarded, the layer q* can be
removed from the candidate set T. After the layer q* is
discarded, the method 300 can return to block 306 and a next
iteration of the method 300 can be performed.

[0098] When the layer q* is considered an effectively
selected layer, the selected layer set S and the candidate
layer set T can be updated at block 314. The layer q* can be
added to the selected layer set S and removed from the
candidate layer set T. Averaged correlation coefficients of all
candidate layers in the candidate layer set T with all the
selected layers in the selected layer set S can be calculated
at block 314. The averaged correlation coefficients can be
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independently calculated each iteration. The averaged cor-
relation coeflicients can be calculated in an iterative manner
based on the correlation coefficients from the previous
iteration. Iterative calculation of averaged correlation coef-
ficients can reduce complexity.

[0099] When the layer q* is not an effectively selected
layer, the candidate layer set T can be updated at block 315
to remove the layer q*. After the layer q* is removed from
the candidate layer set T at block 315 or block 314, the
method 300 can return to block 306.

[0100] The method 300 can iterate blocks 308 to 314 or
315 until a termination condition is satisfied. At decision
block 306, whether one or more termination conditions are
satisfied is determined. A termination condition can be
satisfied if the candidate layer set T is empty, the number of
layers in the selected layers set S corresponds to a total
number of transmit antennas, or a number of layers in the
selected layers set S corresponds to a pre-configured maxi-
mum number of scheduled layers. Any other suitable termi-
nation condition can alternatively or additionally be checked
at block 306. If a termination condition is not satisfied, the
method 300 can proceed to block 308. On the other hand, if
a termination condition is satisfied, the method 300 can
proceed to block 316. At block 316, information identifying
users and respective ranks of the users is output. The rank
can be the number of layers for wirelessly communicating
with the user.

[0101] At block 318, rate selection can be determined per
user. Rate selection can involve determining a Modulation
and Coding Scheme (MCS) per user. Rate selection can be
determined by channel quality feedback from a user, equiva-
lent multi-user channel with precoder, the like, or any
suitable combination thereof. In certain applications, post
processing effective signal-to-interference-plus-noise ratio
(SINR) can be calculated per user. Then the effective SINR
can be used to select MCS, for example, according to
pre-generated link curves.

[0102] Outer loop link adaptation can be performed at
block 320. The link adaptation can be based on an acknowl-
edgement (ACK) or a negative acknowledgement (NACK)
generated at a UE side.

[0103] Inthe method 300, layers can be added one by one.
In some other embodiments, users can be added one by one
instead of layers. In such embodiments, the number of
transmission layer(s) per user can be pre-determined.
Weights of users can be used for a weighted sum rate
calculation in such embodiments. User weights can be
determined a variety of ways. For example, a weight of a
user can be inversely proportional to the user’s previously
experienced throughput, with or without a pre-configured
sliding time window. As another example, a weight of a user
can be inversely proportional to the number of time units
(e.g., subframes or slots) the user has been scheduled during
a pre-configured sliding time window with size Wp. FIG. 7
provides an illustration related to calculating a number of
subframes a user is scheduled in during a sliding window. In
certain applications, the number of time units when the user
has successful transmissions (e.g., ACK) during the sliding
time window is considered for determining the weight of the
user.

Multi-Cluster Rate Selection

[0104] Single cluster user and rank selection algorithms
can be extended to multiple clusters with coordination

May 5, 2022

among the multiple clusters. When multiple clusters have
wireless communications that overlap in frequency and
time, inter-cluster interference nulling can be utilized to
protect users from the interference from one or more other
clusters. A single cluster user and rank selected algorithm is
a low-complexity and robust layer and user selection algo-
rithm. The single cluster user and rank selected algorithm
can be denoted as lu-square in the following description. For
illustrative purposes, multi-cluster rate selection may be
discussed with reference to a 2 cluster scenario. Any suitable
principles and advantages of multi-cluster rate selection
disclosed herein can be applied to rate selection for 3 or
more clusters.

[0105] Multi-cluster rate selection methods can include
frequency allocation for a plurality of clusters, user and rank
selection per cluster, and rate selection per user. The user and
rank selection can identify a list of protected users in
clusters. The rate selection per user can be based on user and
rate selection for the cluster and the protected users identi-
fied by one or more other clusters.

[0106] FIG. 8 is a flow diagram of an example method 400
of multi-cluster user rate selection according to an embodi-
ment. The method 400 can be performed at block 104 of the
method 100 of FIG. 1A, for example.

[0107] At block 402, frequency can be allocated for a
plurality of clusters. Frequency is allocated for two clusters
in the method 400. The clusters can have frequency allo-
cated by non-overlapping frequency division multiplexing
(FDM). With FDM, there may be no significant inter-cluster
interference and nulling may not be implemented. The
clusters can have frequency allocated with completely or
partially overlapping frequency. In this case, there can be
inter-cluster interference and nulling can be implemented.
Frequency allocation per cluster can be determined by one
or more of a number of associated users per cluster, buffer
occupancies per cluster, channel conditions per cluster, an
estimated inter-cluster interference situation, or the like.

[0108] After frequency is allocated, user and rank selec-
tion can be performed per cluster. Rank can represent a
number of layers or dimensions for wireless communication
with a user. User and rank selection can be performed for a
first cluster at block 404A. User and rank selection can be
performed for a second cluster at block 404B. Lu-square can
be used to select users and ranks at block 404 A and/or 404B.
Lu-square can be implemented in accordance with any
suitable principles and advantages of the user and rank
selection discussed with reference to FIG. 6. At block 406 A,
which users and/or layers to protect can be determined. The
users and/or layers to protect can be within the first cluster.
The users and/or layers to protect can be protected from the
first cluster. Similarly, which users and/or layers to protect in
the second cluster and/or to protect from the second cluster
can be determined at block 406B. Which users and/or layers
to protect can be determined based on a long-term signal
interference ratio (SIR), such as SIRN and/or SINR.

[0109] In applications where nulling is not implemented,
user and rank selection per cluster can be conducted inde-
pendently for each cluster.

[0110] When nulling between clusters is implemented,
lu-square can be applied for each cluster and which layers to
protect can be determined. User and rank selection and
determining users to protect can be performed in any suit-
able order.
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[0111] In an embodiment, lu-square is applied first and
then the protected layers inside the cluster are determined. In
this case, no inter-cluster interference is considered in the
WSR calculation of lu-square.

[0112] According to another embodiment, lu-square is
applied first and then the layers outside the cluster to be
protected from this cluster are determined. In this case, no
inter-cluster interference is considered in the WSR calcula-
tion of lu-square.

[0113] In another embodiment, the protected layers are
determined first and then lu-square is applied. In this case,
inter-cluster interference can be considered in the WSR
calculation of lu-square. The protected layers can be deter-
mined, for example, by long-term SINR and/or SIR or users’
physical locations. The determined protected layers may or
may not affect the layer candidate layers of lu-square, which
is an input to lu-square. As an example, after determining the
protected layers, only the layers that are ‘parallel’ to the
protected layers in terms of the channels from the other
cluster can be considered in certain applications. Accord-
ingly, the interference from the other cluster to the non-
protected layers can be reduced as well.

[0114] The considered inter-cluster interference can be
short-term. Short term interference can be obtained based on
large and small scale channel fadings and a (temporarily)
calculated precoder. The considered inter-cluster interfer-
ence can be long-term. Long term interference can be
obtained based on one or more long-term channel conditions
(e.g., RSRP). Both long term and short term inter-cluster
interference can be considered in certain applications.

[0115] User and rank selection for the plurality of clusters
can be conducted in parallel. User and rank selection for the
plurality of clusters can be conducted in sequence. User rank
and selection for the plurality of clusters can be performed
partly in parallel and partly in sequence.

[0116] After user and rank selection, user rate selection
can be performed for each selected user. Rate selection can
involve determining Modulation and Coding Scheme
(MCS) per user.

[0117] MCS selections of users can be conducted inde-
pendently for each cluster. In this case, the selection in one
cluster does not consider the interference from the other
cluster(s).

[0118] Alternatively, MCS selections of users can be con-
ducted jointly for the plurality of clusters. In this case, the
selection in one cluster considers the interference from the
other(s). In one embodiment, the considered inter-cluster
interference is short-term. Short term inter-cluster interfer-
ence can be obtained based on large and small scale channel
fadings and the calculated precoder. In another embodiment,
the considered inter-cluster interference is long-term. Long
term inter-cluster interference can be obtained based on
long-term channel conditions (e.g., RSRP).

[0119] In the method 400, precoder coefficients (e.g.,
regularized zero-forcing (RZF) precoder coeflicients) can be
calculated for the first cluster with nulling based on selected
users in the first cluster and protected users and/or layers in
one or more other clusters (e.g., the second cluster) at block
408A. Then equivalent channels to the protected users in the
one or more clusters can be calculated at block 410A. User
rate for users in the first cluster can be selected accounting
for inter-cluster interference at block 412A. For example,
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MCS can be selected for each user in the first cluster based
on effective SINR per UE taking into account inter-cluster
interference.

[0120] Precoder coeflicients (e.g., RZF precoder coeffi-
cients) can be calculated for the second cluster with nulling
based on selected users in the second cluster and protected
users and/or layers in one or more other clusters (e.g., the
first cluster) at block 408B. Then equivalent channels to the
protected users in the one or more clusters can be calculated
at block 410B. User rate for users in the second cluster can
be selected accounting for inter-cluster interference at block
412B. For example, MCS can be selected for each user in the
second cluster based on effective SINR per UE taking into
account inter-cluster interference.

[0121] FIG. 9 is a flow diagram of an example method 420
of multi-cluster user rate selection according to an embodi-
ment. The method 420 can be performed at block 104 of the
method 100 of FIG. 1A, for example. In the method 420, a
plurality of other clusters can be considered when determin-
ing protected users and/or layers. Two other clusters can also
be considered for nulling and/or accounting for inter-cluster
interference. Any suitable principles and advantages dis-
cussed above for multi-cluster rate selection can be applied
to multi-cluster rate selection with three or more clusters.
[0122] Frequency can be allocated for three clusters at
block 422. User and rank selection can be performed per
cluster at blocks 404A, 404B, and 404C. Lu-square can be
used to select users and ranks at blocks 404A, 404B, and
404C.

[0123] Users and/or layers from a plurality of clusters to
protect from another cluster can be determined. Which users
and/or layers to protect can be determined based on a
long-term signal interference ratio (SIR), such as SIRN
and/or SINR. At block 426A, which users and/or layers to
protect in the second and third clusters from the first cluster
can be determined. Similarly, which users and/or layers to
protect in the first and third clusters from the second cluster
can be determined at block 426B. Users and/or layers to
protect in the first and second clusters from the third cluster
can be determined at block 426C.

[0124] Precoder coeflicients (e.g., RZF precoder coeffi-
cients) can be calculated for a cluster with nulling based on
selected users in the cluster and protected users and/or layers
in one or more other at blocks 428A, 428B, 428C. Equiva-
lent channels to the protected users in the other clusters can
be calculated at blocks 430A, 430B, 430C. User rate for
users in a cluster can be selected accounting for inter-cluster
interference at blocks 432A, 432B, 432C. For example,
MCS can be selected for each user in the cluster based on
effective SINR per UE taking into account inter-cluster
interference.

[0125] Although some in some descriptions, nulling is
considered in terms of layers (e.g., determining which layers
to protect), any suitable principles and advantages of nulling
disclosed herein can be applied to scenarios where nulling is
considered in terms of users (e.g., determining which users
to protect). When nulling is applied per user, the number of
layers to protect per user can be pre-determined.

Long Term Received Signal Indication

[0126] Clustering and user rate selection methods can
involve an association of a UE with a best serving RRU. The
best serving RRU can have the largest received signal power
at the UE. The best serving RRU can be referred to as a SAS
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RRU. The largest received signal power at the UE in a
traditional cell layout can be known as downlink (DL)
Reference Signal Received Power (RSRP). DL RSRP can be
measured at the UE from a DL reference signal (RS).
Examples of DL RS include CRS in LTE, SSS in NR, and
CSI-RS in NR.

[0127] In a distributed MIMO system, a common RS may
be jointly transmitted or broadcast by all active RRUs. In
such a case, it can be difficult to determine RSRP between
a UE and a particular RRU from SSS. For CSI-RS, it is
possible to determine RSRP between an RRU and a par-
ticular UE if each RRU transmits a unique CSI-RS. As a
consequence, the number of CSI-RS resources can scale
with the number of RRUs in the deployment. However, this
may not be a scalable solution because the number of
CSI-RS resources that a UE supports is a UE capability and
the UE can be configured with CSI-RS resources for mul-
tiple purposes (e.g., beam management, CSI reporting,
tracking).

[0128] A technical solution is to determine long term
RSRP between a UE and RRU from Sounding Reference
Signal (SRS) measurements. The technical solution can be
implemented with any of the clustering and/or rate selection
methods disclosed herein.

[0129] As shown in FIG. 10, a UE 502 can transmit a SRS
that is received at each RRU 504A, 5048, 504C, 504D. A
1-port SRS transmission from a UE can be utilized. Alter-
natively, a multi-port SRS transmission from a UE can be
utilized. Long term RSRP can be computed from SRS
transmission.

[0130] For antenna j on RRU b, and antenna i on UE j, a
representative SRS channel estimate at a frequency domain
resource element (RE) k, can be selected from a set of
contiguous SRS REs where the size of the set is at least 1.
The number of SRS REs used for the computing RSRP is M.
Instantaneous uplink (UL) RSRP between UE u and RRU b
at SRS occasion t can be represented by the following
equation:

1 Mo
Poad®) = 7= 3 | s )]
"

In this equation N, is a number of antennas at RRU b. Long
term RSRP can be obtained by filtering to average out small
scale channel fades: P, (0)=pP, (t-D+(1-p)P, (1),
which [ is a forgetting factor selected to satisty a desired
averaging length. FIG. 11 is a diagram related to long term
RSRP calculation. Hb (K,,) is denoted in FIG. 11.

[0131] In another embodlment the instantaneous RSRP
can be calculated based on time domain channel estimates.
The time domain channel estimate for antenna j on RRU b,
and antenna i on UE j can be hb (D). The instantaneous
uphnk (UL) RSRP between UE u and RRU b at SRS
occasion t can be represented by the following equation:

P, (=3, "1 bjyui(Z)R.

Network Systems

[0132] A network system can be configured to perform
clustering and/or user rate selection in accordance with any
suitable principles and advantages disclosed herein. The
network system can schedule wireless communications
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between UEs and network nodes, such as RRUs. The
network system can cause downlink wireless transmissions
from network nodes to UEs based on clustering and/or rate
selection. The network system can exchange MIMO infor-
mation with UEs. The MIMO information can be exchanged
using time division duplex (TDD) MIMO communications
in some embodiments.

[0133] Network systems can include network nodes (e.g.,
RRUs) and one or more processing units. The one or more
processing units can include any suitable physical hardware
to perform any of the methods disclosed herein. For
example, the one or more processing units can each include
at least one processor and store instructions that when
executed by the processor cause a method in accordance
with any suitable principles and advantages disclosed herein
to be performed. The one or more processors can manage
communications between the network system and UEs and/
or network nodes. For example, the one or more processors
can schedule traffic and cause control information to be sent
to UEs. The one or more processors can include a processor
configured with specific executable instructions, a micro-
processor, a microcontroller, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a
programmable logic device such as field programmable gate
array (FPGA), the like, or any combination thereof designed
to perform any suitable combination of the functions
described herein. The one or more processors can be imple-
mented by any suitable combination of computing devices
and/or discrete processing circuits in certain applications.
The one or more processing units can be programmed to
perform a method with any suitable combination of features
disclosed herein. The one or more processing units can
perform baseband processing. Such processing units can be
referred to as baseband processing units. The one or more
processing units can include one or more DUs.

[0134] Examples diagrams of parts of network systems
will be described with reference to FIGS. 12 to 14. These
network systems include one or more DUs that can imple-
ment any suitable features of a DU defined by a NR
specification. Any suitable combination of features of the
DUs of FIGS. 12 to 14 can be implemented together with
each other. These network systems can operate in any
suitable number environment, such as the example network
environment 110 of FIG. 1B. The network system can
include a plurality or RRUs having antennas for wireless
communication with UEs. The network system can imple-
ment any suitable clustering and/or user rate selection algo-
rithms disclosed herein.

[0135] FIG. 12 is a schematic block diagram illustrating
part of a network system for clustering. A first DU 602 and
a second DU 604 can perform clustering in accordance with
any suitable principles and advantages disclosed herein. The
first DU 602 includes a DU scheduler 612 configured to
form a first cluster and a second cluster. The first DU 602 can
be in communication with RRUs of the first and second
clusters. The second DU 604 includes a DU scheduler 614
configured to form a third cluster and a fourth cluster. The
second DU 604 can be in communication with RRUs of the
third and fourth clusters. The first DU 602 and the second
DU 604 can exchange inter DU RSRP and/or other inter DU
information. Accordingly, the DU schedulers 612 and 614
can perform clustering with intra and inter DU RSRP. When
there are a relatively large number of RRUs, two or more
DUs can implement clustering.
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[0136] FIG. 13 is a schematic block diagram illustrating
part of a network system for clustering. In FIG. 13, cluster-
ing is implemented by a single DU. A DU 622 can perform
clustering in accordance with any suitable principles and
advantages disclosed herein. The DU 622 includes a DU
scheduler 632 configured to form a first cluster and a second
cluster. The DU scheduler 632 can perform clustering with
intra DU RSRP.

[0137] FIG. 14 is a schematic block diagram illustrating
part of a network system for user rate selection. A DU 642
can perform user rate selection in accordance with any
suitable principles and advantages disclosed herein. The DU
642 includes a DU scheduler 652 can select users, user rank,
and user rate (e.g., MCS). For performing user rate selection,
the DU scheduler 652 can have (a) RSRP and channel state
information (CSI) between RRU and UE pairs associated
with the DU 642 and (b) user candidates generated by
clustering. The DU 642 can include media access control
(MAC) blocks 654 and 656. Each MAC block 654, 656 can
control MAC functions for a respective cluster with the
exception of the user rate selection features performed by
the DU scheduler 652 (e.g., user selection, user rank, user
rate).

Terminology and Conclusion

[0138] Depending on the embodiment, certain acts,
events, or functions of any of the processes or algorithms
described herein can be performed in a different sequence,
can be added, merged, or left out altogether (e.g., not all
described operations or events are necessary for the practice
of the process or algorithm). Moreover, in certain embodi-
ments, operations, or events can be performed concurrently,
e.g., through multi-threaded processing, interrupt process-
ing, or multiple processors or processor cores or on other
parallel architectures, rather than sequentially. Any suitable
combination of parallel and/or sequential execution of a
method disclosed herein can be performed.

[0139] Conditional language used herein, such as, among
others, “can,” “could,” “might,” “may,” “e.g.,” “such as,”
and the like, unless specifically stated otherwise, or other-
wise understood within the context as used, is generally
intended to convey that certain embodiments include, while
other embodiments do not include, certain features, ele-
ments, and/or operations. Thus, such conditional language is
not generally intended to imply that features, elements,
and/or operations are in any way required for one or more
embodiments or that one or more embodiments necessarily
include logic for deciding, with or without other input or
prompting, whether these features, elements, and/or steps
are included or are to be performed in any particular
embodiment. The terms “comprising,” “including,” and the
like are synonymous and are used inclusively, in an open-
ended fashion, and do not exclude additional elements,
features, acts, operations, and so forth. Additionally, the
words “herein,” “above,” “below,” and words of similar
import, when used in this application, shall refer to this
application as a whole and not to any particular portions of
this application. Where the context permits, words in the
above Detailed Description of Certain Embodiments using
the singular or plural may also include the plural or singular,
respectively. Also, the term “or” is used in its inclusive sense
(and not in its exclusive sense) so that when used, for
example, to connect a list of elements, the term “or” means
one, some, or all of the elements in the list.
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[0140] Disjunctive language such as the phrase “at least
one of X, Y, Z,” unless specifically stated otherwise, is
otherwise understood with the context as used in general to
present that an item, term, etc., may be either X, Y, or Z, or
any combination thereof (e.g., X, Y, and/or Z). Thus, such
disjunctive language is not generally intended to, and should
not, imply that certain embodiments require at least one of
X, at least one of Y, or at least one of Z to each be present.

[0141] Unless otherwise explicitly stated or generally
understood from context, articles such as “a” or “an” should
generally be interpreted to include one or more described
items. Accordingly, phrases such as “a device configured to”
are intended to include one or more recited devices. Such
one or more recited devices can also be collectively config-
ured to carry out the stated recitations. For example, “a
processor configured to carry out recitations A, B and C” can
include a first processor configured to carry out recitation A
working in conjunction with a second processor configured
to carry out recitations B and C.

[0142] The word “coupled,” as generally used herein,
refers to two or more elements that may be either directly
coupled to each other, or coupled by way of one or more
intermediate elements. Likewise, the word “connected,” as
generally used herein, refers to two or more elements that
may be either directly connected, or connected by way of
one or more intermediate elements. Connections can be via
an air interface and/or via wires and/or via optical fiber
and/or via any other suitable connection.

[0143] As used herein, the terms “determine” or “deter-
mining” encompass a wide variety of actions. For example,
“determining” may include calculating, computing, process-
ing, deriving, generating, obtaining, looking up (e.g., look-
ing up in a table, a database or another data structure),
ascertaining and the like via a hardware element without
user intervention. Also, “determining” may include receiv-
ing (e.g., receiving information), accessing (e.g., accessing
data in a memory) and the like via a hardware element
without user intervention. Also, “determining” may include
resolving, selecting, choosing, establishing, and the like via
a hardware element without user intervention.

[0144] While the above detailed description has shown,
described, and pointed out novel features as applied to
various embodiments, it can be understood that various
omissions, substitutions, and changes in the form and details
of the devices or algorithms illustrated can be made without
departing from the spirit of the disclosure. For example,
circuit blocks and/or method blocks described herein may be
deleted, moved, added, subdivided, combined, arranged in a
different order, and/or modified. Each of these blocks may
be implemented in a variety of different ways. Any portion
of any of the methods disclosed herein can be performed in
association with specific instructions stored on a non-tran-
sitory computer readable storage medium being executed by
one or more processors. As can be recognized, certain
embodiments described herein can be embodied within a
form that does not provide all of the features and benefits set
forth herein, as some features can be used or practiced
separately from others. The scope of certain embodiments
disclosed herein is indicated by the appended claims rather
than by the foregoing description. All changes which come
within the meaning and range of equivalency of the claims
are to be embraced within their scope.
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What is claimed is:
1. A method of interference aware clustering, the method
comprising:
forming a first cluster of first user equipments and first
network nodes in a first section during a time slot;

forming a second cluster of second user equipments and
second network nodes in a second section during the
time slot such that the first user equipments are pro-
tected from interference associated with the second
cluster, wherein the first section has higher priority than
the second section in the time slot; and

causing multiple-input multiple-output wireless commu-

nications during the time slot (a) from the first network
nodes to the first user equipments and (b) from the
second network nodes to the second user equipments.

2. The method of claim 1, wherein the first network nodes
comprise first remote radio units, and the second network
nodes comprise second remote radio units.

3. The method of claim 1, wherein the forming the second
cluster comprises excluding one or more dominant interfer-
ing network nodes in the second section from the second
cluster.

4. The method of claim 1, wherein the forming the second
cluster comprises excluding one or more victim user equip-
ments in the second section from the second cluster.

5. The method of claim 1, further comprising assigning
one or more dimensions in the second cluster for nulling to
one or more victims of the first user equipments in the first
cluster to reduce inter-cluster interference during the time
slot.

6. The method of claim 1, wherein the forming the first
cluster comprises sorting the first user equipments by user
equipment priority and a selecting a network node to serve
the highest priority user equipment of the first user equip-
ments first.

7. The method of claim 1, further comprising determining
(1) a network node of the first network nodes with a highest
channel quality measure for each of the first user equipments
and (i) one or more other network nodes of the first network
nodes with a channel quality measure within a threshold of
the highest channel quality measure for each of the first user
equipments, wherein the forming the first cluster is based on
the determining.

8. The method of claim 7, further comprising:

estimating a Sounding Reference Signal channel estimate

between an antenna of a user equipment of the first user
equipments and an antenna of a network node of the
first network nodes; and

computing an average of squared channel estimates of all

antennas of the first network nodes and the antenna of
the user equipment of the first user equipments,
wherein the determining is based on the computing.

9. The method of claim 1, wherein the forming the first
cluster comprises selecting a particular network node of the
first network node to serve a user equipment of the first user
equipments based on (i) a network node of the first network
nodes with a highest channel quality measure for the user
equipment being unavailable and (ii) the particular network
node having a channel quality measure within a threshold of
the highest channel quality measure.

10. The method of claim 1, wherein the forming the first
cluster comprises determining to stop forming the first
cluster in response to a maximum number of user equip-
ments being in the first user equipments.
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11. The method of claim 1, wherein the forming the first
cluster comprises determining to stop forming the first
cluster in response to no more network nodes in the first
section being available for scheduling.

12. The method of claim 1, further comprising forming
clusters of user equipments and network nodes during a
second time slot such that a cluster for the second section is
protected from interference associated with a cluster for the
first section, wherein the second section has higher priority
than the first section in the second time slot.

13. The method of claim 1, further comprising:

ordering a candidate layer set of layers for the first cluster;

selecting a layer of the candidate set that satisfies one or
more conditions;

comparing a first sum rate of a selected layer set with a

second sum rate of the layer together with the selected
layer set;

based on the comparing, determining to include the layer

in the selected layer set; and

performing rate selection for the first user equipments of

the first cluster based on the selected layer set.

14. The method of claim 1, further comprising:

selecting first ranks associated with the first user equip-

ments;

selecting second ranks associated with the second user

equipments;

determining one or more user equipments of the first user

equipments to protect;

computing precoding coefficients for the second cluster

with nulling based on the second user equipments and
the one or more user equipments of the first user
equipments to protect; and

causing wireless transmission from the second network

nodes to the second user equipments using the precod-
ing coefficients.

15. A network system with interference aware clustering,
the network system comprising:

network nodes configured to wirelessly exchange infor-

mation with user equipments, the network nodes com-
prising first network nodes in a first section and second
network nodes in a second section; and

one or more baseband processing units in communication

with the network nodes, the one or more baseband

processing unit programmed to at least:

form a first cluster of a first group of the user equip-
ments and the first network nodes during a time slot;

form a second cluster of a second group of the user
equipments and the second network nodes during the
time slot such that the first group of the user equip-
ments are protected from interference associated
with the second cluster, wherein the first section has
higher priority than the second section in the time
slot; and

cause multiple-input multiple-output wireless commu-
nications during the time slot (a) from the first
network nodes to the first group of the user equip-
ments and (b) from the second network nodes to the
second group of the user equipments.

16. The network system of claim 15, wherein the network
nodes comprise remote radio units.

17. The network system of claim 15, wherein the one or
more baseband processing units comprise a distributed unit
in accordance with a New Radio standard.



US 2022/0141843 Al May 5, 2022
13

18. The network system of claim 15, wherein the one or
more baseband processing units are programmed to exclude
one or more dominant interfering network nodes in the
second section from the second group of the user equip-
ments in forming the second cluster.

19. The network system of claim 15, wherein the one or
more baseband processing units are programmed to exclude
one or more victim user equipments in the second section
from the second group of the user equipments in forming the
second cluster.

20. The network system of claim 15, wherein the one or
more baseband processing units are further programmed to
assign one or more dimensions in the second cluster for
nulling to one or more victims of the first group of the user
equipments in the first cluster to reduce inter-cluster inter-
ference.



