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(57) ABSTRACT

Embodiment herein provide a method and system of report-
ing cluster specific CSI feedback by user equipment (UE) to
a cloud system. The UE associates with the cloud using a
biased association or an unbiased association. In a biased
association, a ratio between the highest received power from
a Macro BS and a Pico base station is determined by the UE
and compared with a threshold (bias). If the ratio is greater
than the bias, the UE associates with the Pico BS. The UE
reports CSI for a set of dominant Macro BSs and Pico BSs
within a cluster. The UE can report the IDs of the BSs which
contribute to dominant interference caused by the BSs of
neighboring clusters.
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METHOD AND APPARATUS FOR A CLUSTER
SPECIFIC CSI FEEDBACK

FIELD OF EMBODIMENT

[0001] The present embodiment relates to wireless commu-
nications networks and more particularly to a method and
apparatus for reporting cluster specific CSI feedback for a
cloud radio.

BACKGROUND OF EMBODIMENT

[0002] In next generation cloud communication technol-
ogy, wireless network architecture includes a large group of
Antenna Ports (ATPs) which are connected to a central pro-
cessor (or a Remote Base Station (RBS)) and carries out
baseband processing for the entire network.

[0003] Availability of baseband signals corresponding to
all the User Equipment (UEs) in the network provides mul-
tiple benefits including simplified user scheduling, automatic
load balancing and the like. As the density of the ATPs grow,
transmit power of the Base Station (BS) can be reduced to low
values without compromising the network performance. In
conventional networks, such high density deployment may
lead to frequent handovers.

[0004] In conventional systems, the base station (BS) may
employ spatial multiplexing (SM) techniques using multiple
antennas in downlink. Similarly, the cloud radio may be
designed to handle multi-stream transmission from each TP.
FIG. 1 is a high level architecture of a Cloud Radio Access
Network (CRAN). In a cloud radio, the network may assign
the base station identification (BS ID) number to a group of
antenna ports while individual antenna ports may be given a
unique antenna port number. FIG. 2 illustrates a conventional
Heterogeneous networks (HetNets) Cloud Radio with a plu-
rality of macro cells and pico cells illustrating a HetNet Cloud
Radio. Third Generation Partnership (3GPP) standard intro-
duced HetNets in Release-10 of the 4G Long-Term-Evolu-
tion (LTE) standard. This feature allows deployment of small
cells (Pico cells and Femto cells). All cells can fully utilize an
entire available bandwidth in universal frequency reuse-one
mode. The introduction of Pico cells within the coverage area
of'a Macro cell may lead to mutual interference between the
Macro and Pico cells.

[0005] Existing CSI feedback methods do not distinguish
between BS ofits own cluster and the neighboring cluster. To
mitigate intra-cluster interference ones needs CSI of BSs/
ATPs that belong to the same cluster. However, since the RBS
uses centralized precoding to eliminate intra-cluster interfer-
ence, there is no need to obtain CSI of BSs/ATPs that belong
to neighboring clusters. The inter-cluster scheduling can be
used to mitigate inter-cluster interference if the UE feedback
the IDs of BS that are present in the neighboring clusters but
can cause dominant interference to the UE.

OBIJECT OF EMBODIMENT

[0006] The principal object of the embodiment herein is to
provide a method of reporting CSI feedback by user equip-
ment (UE) in a clustered communication network.

[0007] Another object of the embodiment herein is to pro-
vide UE association methods and CSI feedback methods
suitable for cloud radios employing single or multiple classes
of Antenna ports (ATPs)/Base Station (BSs).
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[0008] Another object of the embodiment herein is to pro-
vide high network capacity with significantly better quality of
service (QoS).

SUMMARY

[0009] Accordingly the embodiment herein provide a
method of reporting channel state information (CSI) feed-
back by a UE in a clustered communication network. The
method comprising measuring signal strength of a plurality of
base stations (BSs). Further, the method includes selecting a
set of BSs in the plurality of BSs based on highest signal
strength. Furthermore, the method includes reporting CSI
feedback of the set of BSs and antenna ports associated with
the BSs to a cloud system.

[0010] Accordingly the embodiment herein provide acloud
system comprising a plurality of clusters, in which each clus-
ter comprises a plurality of base stations (BSs), and user
equipment (UE). The UE is configured to measure signal
strength of the plurality of BSs. Further, the UE is configured
to select a set of BSs in the plurality of BSs based on signal
strength. Furthermore, the UE is configured to report CSI
feedback of the set of BSs and antenna ports associated with
the BSs to the cloud system.

[0011] Accordingly the embodiment herein provide user
equipment (UE) for reporting channel state information (CSI)
feedback in a clustered communication network. The UE is
configured to measure signal strength of the plurality of BSs.
Further, the UE is configured to select a set of BSs in the
plurality of BSs based on signal strength. Furthermore, the
UE is configured to report CSI feedback of the set of BSs and
antenna ports associated with the BSs to the cloud system.

[0012] These and other aspects of the embodiment herein
will be better appreciated and understood when considered in
conjunction with the following description and the accompa-
nying drawings. It should be understood, however, that the
following descriptions, while indicating preferred embodi-
ment and numerous specific details thereof, are given by way
of'illustration and not of limitation. Many changes and modi-
fications may be made within the scope of the embodiment
herein without departing from the spirit thereof, and the
embodiment herein include all such modifications.

BRIEF DESCRIPTION OF FIGURES

[0013] This embodiment is illustrated in the accompanying
drawings, throughout which like reference letters indicate
corresponding parts in the various figures. The embodiment
herein will be better understood from the following descrip-
tion with reference to the drawings, in which:

[0014] FIG. 1 is a high level architecture of a Cloud Radio
Access Network (CRAN);

[0015] FIG. 2 illustrates a HetNet Cloud Radio with a plu-
rality of macro cells and pico cells illustrating a HetNet Cloud
Radio;

[0016] FIG. 3 illustrates a HetNet Cloud Radio with a plu-
rality of clusters, according to embodiment disclosed herein;
[0017] FIG. 4 shows various modules present in the UE,
according to embodiment as disclosed herein;

[0018] FIG. 5 is a flow diagram illustrating a method of UE
association and CSI feedback in cloud HetNet based on
biased association, according to embodiment disclosed
herein;
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[0019] FIG. 6 is a flow diagram illustrating a method of UE
association and CSI feedback in cloud HetNet based on unbi-
ased association, according to embodiment disclosed herein;
and

[0020] FIG. 7 is a flow diagram illustrating a method of
reporting CSI feedback by the UE in a clustered communi-
cation network, according to embodiment as disclosed
herein.

DETAILED DESCRIPTION OF EMBODIMENT

[0021] Theembodimentherein and the various features and
advantageous details thereof are explained more fully with
reference to the non-limiting embodiment that are illustrated
in the accompanying drawings and detailed in the following
description. Descriptions of well-known components and
processing techniques are omitted so as to not unnecessarily
obscure the embodiment herein. Also, the various embodi-
ment described herein are not necessarily mutually exclusive,
as some embodiment can be combined with one or more other
embodiment to form new embodiment. The term “or” as used
herein, refers to a non-exclusive or, unless otherwise indi-
cated. The examples used herein are intended merely to facili-
tate an understanding of ways in which the embodiment
herein can be practiced and to further enable those skilled in
the art to practice the embodiment herein. Accordingly, the
examples should not be construed as limiting the scope of the
embodiment herein.

[0022] Throughout the description the terms cloud system
and central processing are used interchangeably.

[0023] The embodiments herein achieve a method and sys-
tem of reporting channel state information (CSI) feedback by
a UE in a clustered communication network. The method
includes measuring signal strength of a plurality of base sta-
tions (BSs) and selecting a set of macro BSs and a set of pico
BSs in the plurality of BSs with highest signal strength.
Further, the method includes reporting the CSI feedback
associated with the set of macro base stations and the set of
pico base stations to a cloud system.

[0024] In an embodiment, the CSI feedback includes iden-
tifiers (IDs) of the set of macro BSs and the set of pico BSs and
antenna ports (ATPs) of the set of macro BSs and the set of
pico BSs.

[0025] In an embodiment, the UE determines whether a
current serving BS is present in the set of macro BSs and the
set of pico BSs. In an embodiment, the serving BS is either a
macro BS, orapico BS. Further, the UE includes an identifier
(ID) of the serving BS to the set of macro BSs and the set of
pico BSs in response to determining that the serving BS is
absent in the set of macro BSs and the set of pico BSs.
[0026] Inan embodiment, the plurality of BSs is present in
a cluster associated with the UE.

[0027] Inanembodiment, the plurality of BSs is present in
aneighboring cluster to the cluster in which the UE is present.
[0028] Inanembodiment, the UE reports an ID of a plural-
ity of BSs in the neighboring cluster if the interference of the
plurality of BSs in the neighboring cluster exceeds a prede-
termined threshold.

[0029] Inan embodiment, the CSI feedback is reported for
available bands.

[0030] Inan embodiment, the CSI feedback is reported for
a set of bands.

[0031] Inan embodiment, the CSI feedback is reported for
a predefined band. In an embodiment, the predefined band is
decided by the UE or the cloud system.
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[0032] Inanembodiment, the UE reports a time domain of
CSI feedback associated with the set of macro BSs and the set
of pico BSs to the cloud system.

[0033] Inanembodiment, the UE determines a plurality of
bands based on the CSI of the serving BS and reports the CSI
feedback to the cloud system for the plurality of bands.
[0034] User Association in HetNets

[0035] When a UE enters the network, the UE identifies a
pair of Macro and Pico base stations with highest average
received power levels. The UE associates with the Pico BS, if
the ratio of power levels between the Pico and the Macro is
greater than a predetermined threshold (called bias); other-
wise the user associates with the Macro BS. The biased asso-
ciation controls the percentage of users associated with the
Pico BSs. Since the Macro BS has significantly higher trans-
mitter power compared to the Pico BS, the Macro BS can have
higher coverage footprint. Choosing the bias value of less
than one ensures that more users can be associated with the
Pico BS thus increasing its utility and also decreasing Macro
BS load. Though biased cell association controls the interfer-
ence to some extent, the total interference contributed by the
macro cell and pico cell tiers can lead to a significantly lower
performance for some users.

[0036] HetNet Cloud

[0037] Consider the cloud radio which supports BSs with
different power classes. For example all the ATPs correspond-
ing to the Macro BSs transmit with a maximum power level of
Pm while all the ATPs corresponding to the Pico BSs may
transmit at a lower power level Pp. The cloud radio may
support the ATPs with multiple power classes (more than
two).

[0038] Referring now to the drawings, and more particu-
larly to FIGS. 3 through 7, where similar reference characters
denote corresponding features consistently throughout the
figures, there are shown preferred embodiment.

[0039] FIG. 3 illustrates a HetNet cloud system with a
plurality of clusters, according to embodiment disclosed
herein. In an embodiment, the BSs in the cloud system are
connected to each other through optical fibers. In another
embodiment, the BSs in the cloud system are connected to
each other through wireless connection.

[0040] In theory, the size of the cloud in a cloud radio
network may be limitless. However in real deployments, the
size of the cloud can either limited by propagation delay in the
optical fiber communication or other deployment related
limitations. In such cases, an operator can group sets of BSs or
ATPs as a cluster and restrict cloud processing to the BSs/
ATPs within the cluster. In this case, the effects of inter-
cluster interference may be encountered and achievable rate
as obtained by an encoder with complete CSI gets affected
because the inter-cluster interference may not be suppressed.
The knowledge of the CSI for links between BSs/ATPs and
UEs within the cluster can be used as input for the encoder,
whereas the interference may be due to the BSs/ATPs in other
clusters.

[0041] Handling Intra-Cluster Interference in the Down-
link
[0042] Inconventional multi-cell joint processing methods,

the interference generated by the BSs/ATPs of the cluster
(called intra-cluster interference) can be mitigated using cen-
tralized precoding. Techniques such as Tomilson Harashima
Precoding (THP), Zero-Forcing (ZF) or regularized ZF meth-
ods can be employed to mitigate intra-cluster interference.
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This approach requires CSI feedback from each user. In many
cases, the amount of required feedback becomes prohibi-
tively large.

[0043] Handling Inter-Cluster Interference in the Down-
link
[0044] The BSs that belong to different clusters are not

connected to the central processor (or the RBS); centralized
precoding cannot mitigate interference contributed by the
BSs/ATPs of a neighboring cluster. However, if the users
located at cluster edges feedback the BS/ATP IDs of the
neighboring BS/ATPs that contribute to dominant interfer-
ence, the inter-cluster coordination techniques can be used to
mitigate interference. One simple technique involves sched-
uling of'the cluster edge users such that dominant interference
can be avoided. For this feature to work—the neighboring
clusters must exchange scheduling information and the users
feedback the IDs of the BS/ATPs that belong to the neighbor-
ing cluster if the individual interference of level these BSs
exceeds a certain threshold.

[0045] FIG. 4 shows various modules present in the UE,
according to embodiment as disclosed herein. As shown in
the FIG. 4, the UE 400 includes a measurement unit 402, a
selection unit 404, a reporting unit 406 and a communication
unit 408. The functionalities of the units are explained in
conjunction to FIGS. 510 7.

[0046] Two Association Rules:

[0047] User Association and CSI Feedback in Cloud Het-
Nets Based on Biased Association:

[0048] FIG.5 is a flow diagram illustrating a method 500 of
UE association and CSI feedback in cloud HetNet based on
biased association, according to embodiment disclosed
herein. At step 502, the method 500 includes determining a
Macro BS with highest received power. In an embodiment,
the method 500 allows a measurement unit 402 to determine
the Macro BS with highest received power (designated as best
Macro BS). Atstep 504, the method 500 includes determining
a Pico BS with highest received power. In an embodiment, the
method 500 allows the measurement unit 402 to determine
the Pico BS with highest received power (designated as best
Pico BS). At step 506, the method 500 includes calculating
ratio between the power levels of the Macro BS and the Pico
BS. In an embodiment, the method 500 allows the measure-
ment unit 402 to calculate ratio between the power levels of
the Macro BS and the Pico BS. At step 508, the method 500
includes determining whether the calculated ratio is greater
than Bias. In an embodiment, the method 500 allows the
measurement unit 402 to determine whether the calculated
ratio is greater than Bias. If it is determined at step 508, that
the calculated ratio is greater than Bias, then at step 510, the
method 500 includes associating with the Pico BS. In an
embodiment, the method 500 allows the selection unit 404 to
associate the UE with the best Pico BS. If it is determined at
step 508, that the calculated ratio is not greater than Bias, then
at step 512, the method 500 includes associating with the
Macro BS. In an embodiment, the method 500 allows the
selection unit to associate the UE with the best Macro BS.
[0049] In an embodiment, the power measurements can be
accomplished using synchronization channel.

[0050] The various actions, acts, blocks, steps, and the like
in the method 500 may be performed in the order presented,
in a different order or simultaneously. Further, in some
embodiment, some actions, acts, blocks, steps, and the like
may be omitted, added, modified, skipped, and the like with-
out departing from the scope of the embodiment.
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[0051] User Association and CSI Feedback in Cloud Het-
Nets Based on Unbiased Association:

[0052] FIG. 61is a flow diagram illustrating a method 600 of
UE association and CSI feedback in cloud HetNet based on
unbiased association, according to embodiment disclosed
herein. At step 602, the method 600 includes determining a
Macro BS with highest signal strength. In an embodiment, the
method 600 allows the measurement unit 402 to determine
the Macro BS with highest signal strength. At step 604, the
method 600 includes determining a Pico BS with highest
signal strength. In an embodiment, the method 600 allows the
measurement unit 402 to determine the Pico BS with highest
signal strength. At step 606, the method 600 includes deter-
mining whether Pico BS signal strength is greater than the
Macro BS signal strength. In an embodiment, the method 600
allows the measurement unit 402 to determine whether the
Pico BS signal strength is greater than the Macro BS signal
strength. If is determined at step 606, that the Pico BS signal
strength is greater than the Macro BS, then at step 608, the
method 600 includes associating with the Pico BS. In an
embodiment, the method 600 allows the selection unit 404 to
associate the UE with the Pico BS. If it is determined at step
606, that the Pico BS signal strength is not greater than the
Macro BS, then at step 610, the method 600 includes associ-
ating with the Macro BS. In an embodiment, the method 600
allows the selection unit 404 to associate the UE with the
Macro BS.

[0053] The various actions, acts, blocks, steps, and the like
in the method 600 may be performed in the order presented,
in a different order or simultaneously. Further, in some
embodiment, some actions, acts, blocks, steps, and the like
may be omitted, added, modified, skipped, and the like with-
out departing from the scope of the embodiment.

[0054] FIG.7is a flow diagram illustrating a method 700 of
reporting CSI feedback by the UE in a clustered communi-
cation network, according to embodiment as disclosed
herein.

[0055] At step 702, the method 700 includes measuring
signal strength of a plurality of BSs. In an embodiment, the
method 700 allows the measurement unit 402 to measure the
signal strength of the plurality of BSs.

[0056] At step 704, the method 700 includes with the high-
est signal strength. In an embodiment, the method 700 allows
the selection unit 404 to selecting a set of BSs in the plurality
of BSs based on highest signal strength.

[0057] In an embodiment, the set of BSs includes a set of
macro BSs, a set of pico BSs or a combination of macro BSs
and pico BSs.

[0058] In an embodiment, after associating with the net-
work, the cloud system announces the set of macro BSs and
pico BSs that belong to their own cluster as well as the
neighboring clusters.

[0059] Inan embodiment, the cloud system announces the
set of Macro BSs and Pico BSs that belong to their own cluster
as well as the neighboring clusters using a control channel.
[0060] At step 706, the method 700 includes reporting CSI
feedback associated with the set of macro base stations and
the set of pico base stations to the cloud system. In an embodi-
ment, the method 700 allows the reporting unit 406 to report
the CSI feedback to the cloud system.

[0061] Inanembodiment, the cloud system requests the UE
to report the CSI feedback for a total of . Macro/Pico BSs
within its cluster.
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[0062] At step 708, the method 700 includes communicat-
ing the IDs of BS and ATPs associated with the BS that
contributes to dominant interference from the neighboring
cluster when the dominant interference level exceeds a pre-
defined threshold. In an embodiment, the method 700 allows
the communication unit 408 to communicate the IDs of BS
and ATPs associated with the BS that contribute to dominant
interference from the neighboring cluster.

[0063] In an embodiment, the predetermined threshold is
communicated to the UE by the cloud system.

[0064] The cloud system allocates pilot patterns for the
Macro and Pico BSs within each cluster. The cloud system
CSI feedback for a set of UEs.

[0065] In an embodiment, the UE determines a set of Ltl
BSs with highest signal strength. If the associated BS (serving
BS) is not in this set, the BS ID of the associated BS is added
to this set. The size of this new set is Lt. Among the Lt BSs, L
BSs belong to its own cluster and [t-L. BSs belong to the
neighboring clusters. In some cases [t-L. may take a zero
value. The L BSs are composed of .Lm Macro BSs and Lp Pico
BSs that belong its own cluster where L=Lm+Lp. The L. BSs
are referred to as L. best BSs.

[0066] Inanembodiment, this measurement can be accom-
plished using the synchronization channel or using the pilots
patterns designated for CSI measurements.

[0067] In an embodiment, the UE measures the CSI feed-
back of all active antenna ports corresponding to the I BSs for
the entire available band or for a set of bands.

[0068] Inanembodiment,the setofbandsis communicated
by the cloud system to the UE.

[0069] In an embodiment, the UE measures the residual
noise ratio and the interference of the unselected BSs.
[0070] Feedback Mode-1:

[0071] In this mode, the UE reports the CSI feedback for
the antenna ports of Lp best Pico BSs and Lm best Macro BSs
for the set of bands. The said set of bands may span the entire
available bandwidth or restricted to a set of bands.

[0072] Inanembodiment, the UE reports the CSI feedback
along with the respective BS IDs and ATP IDs to the cloud
system.

[0073] In an embodiment, the CSI feedback may be quan-
tized to reduce feedback overhead.

[0074] Inan embodiment, the UE may feedback the IDs of
Lt-L BSs that contribute to dominant interference from the
neighboring cluster when dominant interference level
exceeds a predefined threshold.

[0075] Feedback Mode-2:

[0076] In this mode, to facilitate the wideband frequency
domain CSI information to the cloud system, the UE reports
CSI feedback for the antenna ports of the Lp best Pico BSs
and the Lm best Macro BSs every “p” bands (predefined
band).

[0077] In an embodiment, the predefined bands can be
alternatively started with a band index and ending with
another band index.

[0078] Inanembodiment, the number predefined bands are
decided by the UE.

[0079] Inanembodiment, the number predefined bands are
decided by the cloud.

[0080] Inanembodiment, the UE reports the CSI feedback
along with the respective BS IDs and ATP IDs to the cloud
system.

[0081] In an embodiment, the CSI feedback may be quan-
tized to reduce feedback overhead.
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[0082] In an embodiment, the cloud system estimates the
CSI feedback of the remaining bands using partial channel
knowledge.

[0083] Inanembodiment, the UE may feedback the IDs of
Lt-L BSs that contribute to dominant interference from the
neighboring cluster if the dominant interference level exceeds
a predefined threshold.

[0084] Feedback Mode-3:

[0085] This mode facilitates to report the wideband CSI
feedback to the cloud system. In an embodiment, the UE
reports the time domain CSI feedback of the antenna ports of
the Lp best Pico BSs and the Lm best Macro.

[0086] In an embodiment, the time domain CSI feedback
along with the respective BS IDs and ATP IDs can be com-
municated to the cloud.

[0087] In an embodiment, the time domain CSI informa-
tion may be quantized to reduce feedback overhead.

[0088] Inan embodiment, the UE may feedback the IDs of
Lt-L BSs that contribute to dominant interference from the
neighboring cluster when the dominant interference level
exceeds the predefined threshold.

[0089] Feedback Mode-4:

[0090] In this mode, the UE associates with the Macro or
Pico BS. In an embodiment, the UE determines the best
M-bands based on the CSI feedback of the BS (serving BS) to
which it is associated with.

[0091] Inanembodiment, the UE reports the CSI feedback
for the antenna ports of the Lp best Pico BSs and the Lm best
Macro BSs for the M-best bands as well as the band indices
[0092] Inan embodiment, the CSI feedback along with the
respective BS IDs and ATP IDs will be communicated to the
cloud system.

[0093] In an embodiment, the CSI feedback may be quan-
tized to reduce feedback overhead.

[0094] Inan embodiment, the UE may feedback the IDs of
Lt-L BSs that contribute to dominant interference from the
neighboring cluster when the dominant interference level
exceeds the predefined threshold.

[0095] Feedback Mode-5:

[0096] In this mode, the UE associates with the Macro or
Pico BS. In an embodiment, the UE determines the best
M-bands based on the residual interference level measure-
ments. The UE measures the total residual interference or
total noise plus residual interference power in each band
where residual interference is defined as the total received
signal power measured in the band (including that of all
antenna ports) excluding the total measured power level asso-
ciated with the antenna ports of Macro or Pico BS for which
CSI feedback is sent to the cloud. The UE further choose the
best M bands which are defined as the M ordered bands with
least residual noise plus interference power level or residual
interference power level (The residual noise plus interference
power levels of bands are ranked and select M bands with
lease residual noise plus interference).

[0097] Inanembodiment, the UE reports the CSI feedback
for the antenna ports of the Lp best Pico BSs and the Lm best
Macro BSs for the M-best bands as well as the band indices.
[0098] Inan embodiment, the CSI feedback along with the
respective BS IDs and ATP IDs will be communicated to the
cloud system.

[0099] In an embodiment, the CSI feedback may be quan-
tized to reduce feedback overhead.

[0100] Inan embodiment, the UE may feedback the IDs of
Lt-L BSs that contribute to dominant interference from the
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neighboring cluster when the dominant interference level
exceeds the predefined threshold.

[0101] The various actions, acts, blocks, steps, and the like
in the method 700 may be performed in the order presented,
in a different order or simultaneously. Further, in some
embodiment, some actions, acts, blocks, steps, and the like
may be omitted, added, modified, skipped, and the like with-
out departing from the scope of the embodiment.

[0102] The embodiment disclosed herein can be imple-
mented through at least one software program running on at
least one hardware device and performing network manage-
ment functions to control the elements. The elements shown
in FIGS. 3 and 4 include blocks which can be at least one of
a hardware device, or a combination of hardware device and
software module.

[0103] The foregoing description of the specific embodi-
ment will so fully reveal the general nature of the embodiment
herein that others can, by applying current knowledge, readily
modify and/or adapt for various applications such specific
embodiment without departing from the generic concept,
and, therefore, such adaptations and modifications should and
are intended to be comprehended within the meaning and
range of equivalents of the disclosed embodiment. It is to be
understood that the phraseology or terminology employed
herein is for the purpose of description and not of limitation.
Therefore, while the embodiment herein have been described
in terms of preferred embodiment, those skilled in the art will
recognize that the embodiment herein can be practiced with
modification within the spirit and scope of the embodiment as
described herein.

We claim:

1. A method of reporting channel state information (CSI)
feedback by a UE in a clustered communication network, the
method comprising:

measuring signal strength of a plurality of base stations

(BSs);

selecting a set of BSs in said plurality of BSs based on

highest signal strength; and

reporting CSI feedback of said set of BSs and antenna ports

associated with said BSs to a cloud system.

2. The method of claim 1, wherein selecting said set of BSs
in said plurality of BSs based on said highest signal strength
comprises:

determining whether a serving BS of said UE is present in

said set of BSs, wherein said serving BS is one of: a
macro BS, and a pico BS; and

including an identifier (ID) of said serving BS to said set of

BSs in response to determining that said serving BS is
absent in said set of BSs.

3. The method of claim 1, wherein said CSI feedback
comprises identifiers (IDs) of'said set of BSs, wherein said set
of BSs comprises at least one of: a set of macro BSs, and a set
of pico BSs.

4. The method of claim 1, wherein said plurality of BSs are
present in a cluster associated with said UE.

5. The method of claim 1, wherein said plurality of BSs are
present in a neighbouring cluster.

6. The method of claim 5, wherein said method further
comprises:

reporting an ID of a plurality of BSs in said neighbouring

cluster in response to determining interference of said
plurality of BSs in said neighbouring cluster exceeds a
predetermined threshold.
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7. The method of claim 1, wherein said CSI feedback is
reported for one of:

available band, and a set of bands.

8. The method of claim 7, wherein said set of bands spans
over an entire available bandwidth.

9. The method of claim 1, wherein said CSI feedback is
reported for a predefined band, wherein said predefined band
is decided by one of: said UE, and said cloud system.

10. The method of claim 1, wherein said UE reports a time
domain of said CSI feedback of said set of BSs to said cloud
system.

11. The method of claim 1, wherein reporting said CSI
feedback of said set of BSs to said cloud system comprises:

determining a plurality of bands based on a CSI of a serving

BS, wherein said serving BS is one of: a macro BS, and
a pico BS; and

reporting said CSI feedback of said set of BSs to said cloud

system for said plurality of bands.

12. The method of claim 1, wherein said method further
comprises:

measuring a residual noise plus interference power level

for a set of bands, wherein said residual noise plus inter-
ference power level is measured based on a total
received signal power excluding a measured power level
of said set of BSs and said antenna ports associated with
said set of BSs.

13. The method of claim 12, wherein said method further
comprises:

selecting best bands in said set of bands with least value of

said residual noise plus interference power level.

14. A cloud system comprising a plurality of clusters,
wherein each said cluster comprises a plurality of base sta-
tions (BSs), and a user equipment (UE), wherein said UE is
configured to:

measure signal strength of said plurality of BSs;

select a set of BSs in said plurality of BSs based on signal

strength; and

report CSI feedback of said set of BSs and antenna ports

associated with said BSs to said cloud system.

15. The cloud system of claim 14, wherein said cloud
system communicates identifiers (IDs) of said plurality of
BSs present in said cluster of said UE using a control channel.

16. A user equipment (UE) for reporting channel state
information (CSI) feedback in a clustered communication
network, the UE is configured to:

measure signal strength of a plurality of base stations

(BSs);

select a set of BSs in said plurality of BSs based on highest

signal strength; and

report CSI feedback of said set of BSs and antenna ports

associated with said BSs to a cloud system.

17. The UE of claim 16, wherein said UE is configured to
select said set of BSs in said plurality of BSs based on highest
signal strength comprises:

determining whether a serving BS of said UE is present in

said set of BSs, wherein said serving BS is one of: a
macro BS, and a pico BS; and

including an identifier (ID) of said serving BS to said set of

BSs in response to determining that said serving BS is
absent in said set of BSs.

18. The UE of claim 16, wherein said CSI feedback com-
prises identifiers (IDs) of said set of BSs, wherein said set of
BSs comprises at least one of: a set of macro BSs, and a set of
pico BSs.
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19. The UE of claim 16, wherein said plurality of BSs are
present in a cluster associated with said UE.

20. The UE of claim 16, wherein said plurality of BSs are
present in a neighbouring cluster.

21. The UE of claim 20, wherein said UE is further con-
figured to:

report an ID of a plurality of BSs in said neighbouring

cluster in response to determining interference of said
plurality of BSs in said neighbouring cluster exceeds a
predetermined threshold.

22. The UE of claim 16, wherein said CSI feedback is
reported for one of:

available band, and a set of bands.

23. The UE of claim 22, wherein said set of bands spans
over an entire available bandwidth.

24. The UE of claim 16, wherein said CSI feedback is
reported for a predefined band, wherein said predefined band
is decided by one of: said UE, and said cloud system.

25. The UE of claim 16, wherein said UE is configured to
report a time domain of said CSI feedback of said set of BSs
to said cloud system.
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26. The UE of claim 16, wherein said UE is configured to
report said CSI feedback of said set of BSs to said cloud
system comprises:

determining a plurality of bands based on a CSI of a serving

BS, wherein said serving BS is one of: a macro BS, and
a pico BS; and

reporting said CSI feedback of said set of BSs to said cloud

system for said plurality of bands.

27. The UE of claim 16, wherein said UE is further con-
figured to:

measure a residual noise plus interference power level for

a set of bands, wherein said residual noise plus interfer-
ence power level is measured based on a total received
signal power excluding a measured power level of said
set of BSs and said antenna ports associated with said set
of BSs.

28. The UE of claim 27, wherein said UE is further con-
figured to:

select best bands in said set of bands with a least value of

said residual noise plus interference power level.
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