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57 ABSTRACT

A method and system for identifying cell clusters within a
coordinated multiple point wireless transmission network in
order to reduce scheduling complexity while optimizing
throughout and performance. The network includes a total
number of cells served by corresponding base stations. The
BSC divides the entire network of cells into clusters of cells
and forwards this clustering information to all mobile
devices. A cluster of cell candidates is a subset of the total
number of cells within the network. The mobile device then
provides to a base station controller the identity of a cluster of
preferred cells selected from the cluster of cell candidates.
The base station controller selects at least one base station
located within the cluster of preferred cells to establish com-
munication with the mobile device. A wireless connection is
then established between the selected at least one base station
and the mobile device.

i
:::::_'::::”i‘ -
~,
(O] \‘ 7
/
Y,

/l
/ i/

P ,"\\ Py
v v

S
s \
! i
l,> BAC}1<:-1AUL < BSC
. 10
Ny




Patent Application Publication

Aug. 18,2011 Sheet1 of 8

((j))(cT))
]
e

US 2011/0200029 A1

—————

-
~,
TN,

|
> BACKHAUL
l\ 1
1 r

\
pISAN zl

~ P it

FIG. 1

BSC
10




Patent Application Publication  Aug. 18, 2011 Sheet 2 of 8 US 2011/0200029 A1

14
RN 28 )
N?E‘é’&%’é BASEBAND TRANSMIT )
IN 1SC) - [¢—*| PROCESSOR f&—»- CIRCUITRY P
30 22 24 W
28
CONTROL RECEIVE
SYSTEM CIRCUITRY
20 24
FIG. 2
16
40 o
()
RECEIVE BASEBAND CONTROL
() CIRCUITRY |¢—»] PROCESSOR l¢—>»| SYSTEM
(™
\ 38 34 32
40
TRANSMIT INTERFACE
CIRCUITRY CIRCUITRY
36 42
| 15
130 s
(@)
RECEIVE BASEBAND CONTROL
(o)) CIRCUITRY |a—»| PROCESSOR |le——»] SYSTEM
™
\ 138 134 132
130 |
TRANSMIT RELAY
CIRCUITRY CIRCUITRY
136 142

FIG. 4



US 2011/0200029 A1

Aug. 18,2011 Sheet 3 of 8

Patent Application Publication

% 89 < 99 ] zo_FM_om_mz_ e 29
v/a+oNd A||_
//_ 44 14384 1441
(®) 09
(LSv1g9/a11s) <
H3IAOONI
1S L JOHINOD
_ - = . DNIddYW
8  |sm 99 vo Z9 K
Xi434d -
@) ZC
WYYDHO0Yd
anNvgasvs
a .
75 35 35 W31LSAS
TOH.LINOD
AVITIIINI —»1 ONIddVIN ] 3AVIIH3INI
lig WYOMSdD TOINAS %
ONIHOLVW <—1 Y3QOON3 [« oniagy oyo [ ONITSWVYHOS [e— viva
31vy TINNYHD viva @3aINa3IHOS




US 2011/0200029 A1

Aug. 18,2011 Sheet 4 of 8

Patent Application Publication

9 DIA

01 50T 30T 801 oIT vARS 2 31T
HIAVITHIINI D oL - SIAVI TN ] ONIHO Lvin ] i3aoo3a | o] ONNEMvEOs L T
-3Q TO9WAS -30 119 -3a3Llvy | | 13NNvAD -3a

00l p— —

LT —
(174} ve
mm_wwwuo SISATYNY b 1 | wvanond
NOILVI"VA ANva3svse
7 JANNYHO -
T — 7c
ZeT WILSAS
A_ HIo JOHLNOD
— 9
N v6 3% %6 AYLINOHID
w‘mm.___»wm -] NOILYWILST [ NoILONYLSNODTY LINSNVYL
G os TANNYHO JINNYHO -
- %@ % 78 -
144 [H No1LLOZH020 fe] wronay INTIWNDITY N
/138340 a4 | | x143u4 IV y
[ = @
| 78 08 74 ] 57 o7
I | NoiLvwiLs3 30010 k] HoNAs HoNAS (1 [ o by ob
1| /13s440 0344 ani3 354N0D “ )
. T o




Patent Application Publication

Aug. 18,2011 Sheet 5 of 8

US 2011/0200029 A1

SUB- OFDMA ()
A DFT CARRIER TRANSMIT RF |
142 | MAPPING | CIRCUITRY 148
o 144 146 T
()] OFDMA SUB-
i RF RECEIVE CARRIER IDFT
| 148 CIRCUITRY MAPPING 152
- 150 144 I

FIG. 8




ent Application Publication  Aug. 18, 2011 Sheet 6 of 8




Patent Application Publication  Aug. 18, 2011 Sheet 7 of 8 US 2011/0200029 A1

Mode A, SINRy, =0 dB

—e— No CoMP
—— Pure UE-Centric CoMP
—»— Fixed-Cluster CoMP

—+— Proposed UE-Centric CoMP ||

i i
-5 0 5 10 15 20
SINR (dB)

FIG. 10



Patent Application Publication  Aug. 18, 2011 Sheet 8 of 8 US 2011/0200029 A1

DETERMINE IDENTITY OF CANDIDATE CELL (CMCS)
AND FORWARD TO EACH MOBILE DEVICE

154

'

UE SELECTS PREFFERED CELL SET (CRCS)
156

'

BASE STATION RECEIVES CRCS FROM EACH UE
158

'

BASE STATION CONTROLLER DETERMINES WHICH
CELLS IN CRCS ACTUALLY PERFORM
CoMP TRANSMISSION (CACS)

160

'

CONNECTION BETWEEN eNB IN SELECTED
SET AND UE MADE
162

FIG. 11



US 2011/0200029 Al

WIRELESS COMMUNICATION
CLUSTERING METHOD AND SYSTEM FOR
COORDINATED MULTI-POINT
TRANSMISSION AND RECEPTION

FIELD OF THE INVENTION

[0001] The present invention relates generally to wireless
communication, and in particular to a system and method for
mobile device centric clustering suitable for coordinated mul-
tipoint transmission and reception.

BACKGROUND OF THE INVENTION

[0002] In the dynamic field of wireless communications,
technological advancements are constantly occurring in order
to make it possible for mobile device users to enjoy consistent
and quality performance even as the capacity and speed of
mobile communication networks improves. While the current
generation of mobile telecommunication networks, collec-
tively known as third generation (“3G”) is still prevalent, the
next generation of mobile telecommunication technology
known as Long Term Evolution (“LTE”), marked as fourth
generation (“4G”), is right around the corner. Thus, there is an
increased demand and interest in systems that can address this
new generation of mobile communication technology and
provide approaches that improve bandwidth while reducing
bit error rates in wireless transmissions.

[0003] One approach that has become popular is the use of
Coordinated multiple point (“CoMP”) transmission/recep-
tion for LTE-A in order to improve coverage and to increase
cell-edge and average cell throughputs. CoMP transmission
and reception is also considered as an effective approach for
inter-cell interference coordination (“ICIC”) in LTE-A dueto
inherent joint scheduling/processing at the coordinated cells.
In CoMP, the signals from a mobile device are received from
several base stations. The technique is based on the known
multiple input, multiple output (“MIMO”) approach in that
the signals are combined in a central unit. The result of this
approach inherently leads to better signal quality. While in a
traditional MIMO system, the downlink base station antennas
are located at one point, the CoMP system provides for an
array of at least two antennas at different locations.

[0004] Coordination among all base stations in the cellular
communication system provides a significant increase in cell-
edge and average cell throughputs. However, data/channel
state information (“CSI”) sharing among all base stations in
the system requires high backhaul capacity and is often too
complex to implement. To reduce the complexity, one con-
sideration is to provide cooperation among a limited number
of base stations for communicating with a particular mobile
device, also referred to as user equipment (“UE”). One issue
related to CoMP transmission and reception involves deter-
mining the coordinated cell cluster serving a specific UE in
order to have, for example, the largest cell throughput for an
accepted level of scheduling complexity and backhaul capac-
ity.

[0005] Two common cell clustering techniques are what
are known as Pure UE-Specific Clustering, and Fixed Clus-
tering. The Pure UE-Specific Clustering approach involves
selecting a cluster of coordinated base stations to serve a
particular UE based on long-term channel conditions. In this
approach, the cluster of coordinated cells is chosen based on
the preference of the UE. For a fixed cluster size, this
approach provides the largest throughput gain. However, this
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approach requires scheduling among all base stations in the
system rather than the base stations in the coordinated cluster.
This is due to the fact that the coordinated clusters corre-
sponding to different UEs may overlap thus requiring coor-
dination among all overlapping clusters, which can be the
entire network. Thus, a Pure UE-Specific Clustering
approach is very complex from a scheduling point of view.
[0006] In the Fixed Clustering approach, the network is
divided into non-intersecting coordinated clusters, and
scheduling is required only among the base stations in the
cluster for serving any UE located in the same cluster. This
approach has low scheduling complexity. However, it pro-
vides limited throughput gain.

[0007] Therefore, what is needed is a system and method
for implementing a clustering approach by using a CoMP
technology that is both easy to schedule and provides
enhanced throughput performance and gain as compared with
known CoMP implementations.

SUMMARY OF THE INVENTION

[0008] The present invention advantageously provides a
method and system for identifying cell clusters within a coor-
dinated multiple point transmission network in order to
reduce scheduling complexity while optimizing throughout
and performance. In accordance with one aspect of the inven-
tion, a method of coordinated multi-point transmission in a
wireless communication network is provided. The network
includes a total number of cells served by corresponding base
stations. The method includes receiving, from a mobile
device within the network, an identity of a cluster of preferred
cells selected from a cluster of cell candidates where the
cluster of cell candidates represent a subset of the total num-
ber of cells within the network, selecting at least one base
station located within the cluster of preferred cells to establish
communication with the mobile device, and establishing a
wireless connection between the selected at least one base
station and the mobile device.

[0009] Inaccordance with another aspect of the invention,
a base station controller in a coordinated multi-point wireless
communication network is provided. The base station con-
troller is in wireless communication with a total number of
cells served by corresponding base stations. The base station
controller is operable to receive, from a mobile device within
the network, an identity of a cluster of preferred cells selected
from a cluster of cell candidates where the cluster of cell
candidates represents a subset of the total number of cells
within the network, select at least one base station located
within the cluster of preferred cells to establish communica-
tion with the mobile device, and establish a wireless connec-
tion between the selected at least one base station and the
mobile device.

[0010] Inaccordance with yet another aspect of the inven-
tion, a system for improving performance in a wireless coor-
dinated multi-point transmission network, where the network
has a total number of cells, is provided. The system includes
at least one base station serving a corresponding cell within
the total number of network cells, and a base station controller
in wireless communication with the at least one base station.
The base station controller is operable to receive, from a
mobile device within the network, an identity of a cluster of
preferred cells selected from a cluster of cell candidates
where the cluster of cell candidates represents a subset of the
total number of cells within the network, select at least one of
the at least one base station serving the cluster of preferred
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cells to establish communication with the mobile device, and
establish a wireless connection between the selected at least
one base station and the mobile device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A more complete understanding of the present
invention, and the attendant advantages and features thereof,
will be more readily understood by reference to the following
detailed description when considered in conjunction with the
accompanying drawings wherein:

[0012] FIG. 11is ablock diagram of a cellular communica-
tion system;
[0013] FIG.2isablock diagram of an example base station

that might be used to implement some embodiments of the
present invention;

[0014] FIG. 3 is a block diagram of an example wireless
device that might be used to implement some embodiments of
the present invention;

[0015] FIG.4isablockdiagram of an example relay station
that might be used to implement some embodiments of the
present invention;

[0016] FIG.5is a block diagram of a logical breakdown of
an example OFDM transmitter architecture that might be
used to implement some embodiments of the present inven-
tion;

[0017] FIG. 6 is a block diagram of a logical breakdown of
an example OFDM receiver architecture that might be used to
implement some embodiments of the present invention;
[0018] FIG. 7 is a block diagram of an SC-FDMA trans-
mitter used in accordance with the principles of the present
invention;

[0019] FIG. 8 is a block diagram of an SC-FDMA receiver
used in accordance with the principles of the present inven-
tion;

[0020] FIG.9is adiagram illustrating the UE-specific clus-
tering method of the present invention;

[0021] FIG.10is a graph used to illustrate the SINR geom-
etry for different clustering approaches and the effectiveness
of'the UE-specific clustering method ofthe present invention;
and

[0022] FIG. 11 is a flowchart illustrating the UE-specific
clustering method of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] As an initial matter, while certain embodiments are
discussed in the context of wireless networks operating in
accordance with the 3rd Generation Partnership Project
(“3GPP”) evolution, e.g., Long Term Evolution (“LTE”) stan-
dard, etc., the invention is not limited in this regard and may
be applicable to other broadband networks including those
operating in accordance with other orthogonal frequency
division multiplexing (“OFDM”)-based systems including
WiMAX (IEEE 802.16) and Ultra-Mobile Broadband
(“UMB?”), etc. Similarly, the present invention is not limited
solely to OFDM-based systems and can be implemented in
accordance with other system technologies, e.g., code divi-
sion multiple access (“CDMA”), single carrier frequency
division multiple access (“SC-FDMA”), etc.

[0024] Of note, although the term “base stations™ is used
herein, it is understood that these devices are also referred to
as “eNodeB” or “eNB” devices in LTE environments.
Accordingly, the use of the term “base station” herein is not
intended to limit the present invention to a particular technol-
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ogy implementation. Rather, the term “base station” is used
for ease of understanding, it being intended to be interchange-
able with the term “eNodeB” or “eNB” within the context of
the present invention. Similarly, the terms “wireless terminal”
or “wireless device” are used interchangeably with the term
“UE” to indicate a user device, or user equipment, in a wire-
less communication network.

[0025] Before describing in detail exemplary embodiments
that are in accordance with the present invention, it is noted
that the embodiments reside primarily in combinations of
apparatus components and processing steps related to a sys-
tem and method for implementing CoMP transmission and
reception in a wireless cellular communication system by
determining clusters of cooperating cells and sectors for serv-
ing any UE in the system and assigning cell and sector clus-
ters for each UE. Accordingly, the system and method com-
ponents have been represented where appropriate by
conventional symbols in the drawings, showing only those
specific details that are pertinent to understanding the
embodiments of the present invention so as not to obscure the
disclosure with details that will be readily apparent to those of
ordinary skill in the art having the benefit of the description
herein.

[0026] As used herein, relational terms, such as “first” and
“second,” “top” and “bottom,” and the like, may be used
solely to distinguish one entity or element from another entity
or element without necessarily requiring or implying any
physical or logical relationship or order between such entities
or elements.

[0027] Referring now to the drawing figures in which like
reference designators refer to like elements, there is shown in
FIG. 1, a base station controller (“BSC”) 10 which controls
wireless communications within multiple cells 12, which
cells are served by corresponding base stations (“BS”) 14. In
some configurations, each cell is further divided into multiple
sectors 13 or zones (not shown). In general, each base station
14 facilitates communications using OFDM with mobile and/
or wireless terminals/devices (“MS”)16, which are within the
cell 12 associated with the corresponding base station 14. The
movement of the mobile devices 16 in relation to the base
stations 14 results in significant fluctuation in channel condi-
tions. As illustrated, the base stations 14 and mobile devices
16 may include multiple antennas to provide spatial diversity
for communications. In some configurations, relay stations
15 may assist in communications between base stations 14
and wireless devices 16. Wireless devices 16 can be handed
off 18 from any cell 12, sector 13, zone (not shown), base
station 14 or relay 15 to an other cell 12, sector 13, zone (not
shown), base station 14 or relay 15. In some configurations,
base stations 14 communicate with each and with another
network (such as a core network or the Internet, both not
shown) over a backhaul network 11. In some configurations,
a base station controller 10 is not needed.

[0028] With reference to FIG. 2, an example of a base
station 14 is illustrated. The base station 14 generally includes
a control system 20, a baseband processor 22, transmit cir-
cuitry 24, receive circuitry 26, multiple antennas 28, and a
network interface 30. The receive circuitry 26 receives radio
frequency signals bearing information from one or more
remote transmitters provided by mobile devices 16 (illus-
trated in FIG. 3) and relay stations 15 (illustrated in FIG. 4).
A low noise amplifier and a filter (not shown) may cooperate
to amplify and remove broadband interference from the sig-
nal for processing. Down-conversion and digitization cir-
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cuitry (not shown) will then down-convert the filtered,
received signal to an intermediate or baseband frequency
signal, which is then digitized into one or more digital
streams.

[0029] The baseband processor 22 processes the digitized
received signal to extract the information or data bits con-
veyed in the received signal. This processing typically com-
prises demodulation, decoding, and error correction opera-
tions. As such, the baseband processor 22 is generally
implemented in one or more digital signal processors (DSPs)
or application-specific integrated circuits (ASICs). The
received information is then sent across a wireless network
via the network interface 30 or transmitted to another mobile
device 16 serviced by the base station 14, either directly or
with the assistance of a relay 15.

[0030] On the transmit side, the baseband processor 22
receives digitized data, which may represent voice, data, or
control information, from the network interface 30 under the
control of control system 20, and encodes the data for trans-
mission. The encoded data is output to the transmit circuitry
24, where it is modulated by one or more carrier signals
having a desired transmit frequency or frequencies. A power
amplifier (not shown) will amplify the modulated carrier
signals to a level appropriate for transmission, and deliver the
modulated carrier signals to the antennas 28 through a match-
ing network (not shown). Modulation and processing details
are described in greater detail below.

[0031] With reference to FIG. 3, an example of a mobile
device 16 is illustrated. Similarly to the base station 14, the
mobile device 16 will include a control system 32, a baseband
processor 34, transmit circuitry 36, receive circuitry 38, mul-
tiple antennas 40, and user interface circuitry 42. The receive
circuitry 38 receives radio frequency signals bearing infor-
mation from one or more base stations 14 and relays 15. A low
noise amplifier and a filter (not shown) may cooperate to
amplify and remove broadband interference from the signal
for processing. Down-conversion and digitization circuitry
(not shown) will then down-convert the filtered, received
signal to an intermediate or baseband frequency signal, which
is then digitized into one or more digital streams.

[0032] The base band processor 34 processes the digitized
received signal to extract the information or data bits con-
veyed in the received signal. This processing typically com-
prises demodulation, decoding, and error correction opera-
tions. The baseband processor 34 is generally implemented in
one or more digital signal processors (“DSPs”) and applica-
tion specific integrated circuits (“ASICs™).

[0033] For transmission, the baseband processor 34
receives digitized data, which may represent voice, video,
data, or control information, from the control system 32,
which it encodes for transmission. The encoded data is output
to the transmit circuitry 36, where it is used by a modulator to
modulate one or more carrier signals that is at a desired
transmit frequency or frequencies. A power amplifier (not
shown) will amplify the modulated carrier signals to a level
appropriate for transmission, and deliver the modulated car-
rier signal to the antennas 40 through a matching network (not
shown). Various modulation and processing techniques avail-
able to those skilled in the art are used for signal transmission
between the mobile device and the base station, either directly
or via the relay station.

[0034] In OFDM modulation, the transmission band is
divided into multiple, orthogonal carrier waves. Each carrier
wave is modulated according to the digital data to be trans-
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mitted. Because OFDM divides the transmission band into
multiple carriers, the bandwidth per carrier decreases and the
modulation time per carrier increases. Since the multiple
carriers are transmitted in parallel, the transmission rate for
the digital data, or symbols, on any giver carrier is lower than
when a single carrier is used.

[0035] OFDM modulation utilizes the performance of an
Inverse Fast Fourier Transform (“IFFT”) on the information
to be transmitted. For demodulation, the performance of a
Fast Fourier Transform (“FFT”) on the received signal recov-
ers the transmitted information. In practice, the IFFT and FFT
are provided by digital signal processing carrying out an
Inverse Discrete Fourier Transform (“IDFT”) and Discrete
Fourier Transform (“DTF”), respectively. Accordingly, the
characterizing feature of OFDM modulation is that orthogo-
nal carder waves are generated for multiple bands within a
transmission channel. The modulated signals are digital sig-
nals having a relatively low transmission rate and capable of
staying within their respective bands. The individual carrier
waves are not modulated directly by the digital signals.
Instead, all carrier waves are modulated at once by IFFT
processing.

[0036] In operation, OFDM is preferably used for at least
downlink transmission from the base stations 14 to the mobile
devices 16. Each base station 14 is equipped with “n” transmit
antennas 28 (n>=1), and each mobile terminal 16 is equipped
with “n” receive antennas 40 (m>=1). Notably, the respective
antennas can be used for reception and transmission using
appropriate duplexers or switches and are so labeled only for
clarity.

[0037] When relay stations 15 are used, OFDM is prefer-
ably used for downlink transmission from the base stations 14
to the relays 15 and from relay stations 15 to the mobile
devices 16.

[0038] With reference to FIG. 4, an example of a relay
station 15 is illustrated. Similarly to the base station 14, and
the mobile device 16, the relay station 15 will include a
control system 132, a baseband processor 134, transmit cir-
cuitry 136, receive circuitry 138, multiple antennas 130, and
relay circuitry 142. The relay circuitry 140 enables the relay
14 to assist in communications between a base station 16 and
mobile devices 16. The receive circuitry 138 receives radio
frequency signals bearing information from one or more base
stations 14 and mobile devices 16. A low noise amplifier and
a filter (not shown) may cooperate to amplify and remove
broadband interference from the signal for processing.
Down-conversion and digitization circuitry (not shown) will
then down-convert the filtered, received signal to an interme-
diate or baseband frequency signal, which is then digitized
into one or more digital streams.

[0039] The baseband processor 134 processes the digitized
received signal to extract the information or data bits con-
veyed in the received signal. This processing typically com-
prises demodulation, decoding, arid error correction opera-
tions. The baseband processor 134 is generally implemented
in one or more digital signal processors (DSPs) and applica-
tion specific integrated circuits (ASICs).

[0040] For transmission the baseband processor 134
receives digitized data, which may represent voice, video,
data, or control information, from the control system 132,
which it encodes for transmission. The encoded data is output
to the transmit circuitry 136, where it is used by a modulator
to modulate one or more carrier signals that is at a desired
transmit frequency or frequencies. A power amplifier (not
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shown) will amplify the modulated carrier signals to a level
appropriate for transmission, and deliver the modulated car-
rier signal to the antennas 130 through a matching network
(not shown). Various modulation and processing techniques
available to those skilled in the art are used for signal trans-
mission between the mobile device and the base station,
either directly or indirectly via a relay station, as described
above.

[0041] With reference to FIG. 5, alogical OFDM transmis-
sion architecture is described. Initially, the base station con-
troller 10 will send data to be transmitted to various mobile
devices 16 to the base station 14, either directly or with the
assistance of a relay station 15. The base station 14 may use
the channel quality indicators (“CQIs”) associated with the
mobile devices to schedule the data for transmission as well
as select appropriate coding and modulation for transmitting
the scheduled data. The CQIs may be directly from the mobile
devices 16 or determined at the base station 14 based on
information provided by the mobile devices 16. In either case,
the CQI for each mobile device 16 is a function of the degree
to which the channel amplitude (or response) varies across the
OFDM frequency band.

[0042] Scheduled data 44, which is a stream of bits, is
scrambled in a manner reducing the peak-to-average power
ratio associated with the data using data scrambling logic 46.
A cyclic redundancy check (“CRC”) for the scrambled data is
determined and appended to the scrambled data using CRC
adding logic 48. Next, channel coding is performed using
channel encoder logic 50 to effectively add redundancy to the
data to facilitate recovery and error correction at the mobile
device 16. Again, the channel coding for a particular mobile
device 16 is based on the CQI. In some implementations, the
channel encoder logic 50 uses known Turbo encoding tech-
niques. The encoded data is then processed by tale matching
logic 52 to compensate for the data expansion associated with
encoding.

[0043] Bit interleaver logic 54 systematically reorders the
bits in the encoded data to minimize the loss of consecutive
data bits. The resultant data bits are systematically mapped
into corresponding symbols depending on the chosen base-
band modulation by mapping logic 56. Preferably, Quadra-
ture Amplitude Modulation (“QAM”) or Quadrature Phase
Shift Ft Key (“QPSK”) modulation is used. The degree of
modulation is preferably chosen based on the CQI for the
particular mobile device. The symbols may be systematically
reordered to further bolster the immunity of the transmitted
signal to periodic data loss caused by frequency selective
fading using symbol interleaver logic 58.

[0044] At this point, groups of bits have been mapped into
symbols representing locations in an amplitude and phase
constellation. When spatial diversity is desired, blocks of
symbols are then processed by space-time block code
(“STC”) encoder logic 60, which modifies the symbols in a
fashion making the transmitted signals more resistant to inter-
ference and more readily decoded at a mobile device 16. The
STC encoder logic 60 will process the incoming symbols and
provide “n” outputs corresponding to the number of transmit
antennas 28 for the base station 14. The control system 20
and/or baseband processor 22 as described above with respect
to FIG. 5 will provide a mapping control signal to control STC
encoding. At this point, assume the symbols for the “n” out-
puts are representative of the data to be transmitted and
capable of being recovered by the mobile device 16.
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[0045] For the present example, assume the base station 14
has two antennas 28 (n=2) and the STC encoder logic 60
provides two output streams of symbols. Accordingly, each of
the symbol streams output by the STC encoder logic 60 is sent
to a corresponding IFFT processor 62, illustrated separately
for ease of understanding. Those skilled in the art will recog-
nize that one or more processors may be used to provide such
digital signal processing, alone or in combination with other
processing described herein. The IFFT processors 62 will
preferably operate on the respective symbols Lu provide an
inverse Fourier Transform. The output of the IFFT processors
62 provides symbols in the time domain. The time domain
symbols arc grouped into frames, which are associated with a
prefix by prefix insertion logic 64. Each of the resultant sig-
nals is up-converted in the digital domain to an intermediate
frequency and converted to an analog signal via the corre-
sponding digital up-conversion (“DUC”) and digital-to-ana-
log (D/A) conversion circuitry 66. The resultant (analog)
signals are then simultaneously modulated at the desired RF
frequency, amplified, and transmitted via the RF circuitry 68
and antennas 28. Notably, pilot signals known by the intended
mobile device 16 are scattered among the sub-carriers. The
mobile device 16, which is discussed in detail below, will use
the pilot signals for channel estimation.

[0046] Reference is now made to FIG. 6 to illustrate recep-
tion of the transmitted signals by a mobile device 16, either
directly from base station 14 or with the assistance ofrelay 15.
Upon arrival of the transmitted signals at each of the antennas
40 ofthe mobile device 16, the respective signals are demodu-
lated and amplified by corresponding RF circuitry 70. For the
sake of conciseness and clarity, only one of the two receive
paths is described and illustrated in detail. Analog-to-digital
(A/D) converter and down-conversion circuitry 72 digitizes
and down-converts the analog signal for digital processing.
The resultant digitized signal may be used by automatic gain
control circuitry (“AGC”) 74 to control the gain of the ampli-
fiers in the RF circuitry 70 based on the received signal level.

[0047] Initially, the digitized signal is provided to synchro-
nization logic 76, which includes coarse synchronization
logic 78, which buffers several OFDM symbols and calcu-
lates art auto-correlation between the two successive OFDM
symbols. A resultant time index corresponding to the maxi-
mum of the correlation result determines a line synchroniza-
tion search window, which is used by fine synchronization
logic 80 to determine a precise framing starting position
based on the headers. The output of the fine synchronization
logic 80 facilitates frame acquisition by frame alignment
logic 84. Proper framing alignment is important so that sub-
sequent FFT processing provides an accurate conversion
from the time domain to the frequency domain. The line
synchronization algorithm1 is based on the correlation
between the received pilot signals carried by the headers and
a local copy of the known pilot data. Once frame alignment
acquisition occurs, the prefix of the OFDM symbol is
removed with prefix removal logic 86 and resultant samples
are sent to frequency offset correction logic 88, which com-
pensates for the system frequency offset caused by the
unmatched local oscillators in the transmitter and the
receiver. Preferably, the synchronization logic 76 includes
frequency offset and clock estimation logic 82, which is based
on the headers to help estimate such effects on the transmitted
signal and provide those estimations to the correction logic 88
to properly process OFDM symbols.
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[0048] Atthis point, the OFDM symbols in the time domain
are ready for conversion to the frequency domain using FFT
processing logic 90. The results are frequency domain sym-
bols, which are sent to processing logic 92. The processing
logic 92 extracts the scattered pilot signal using scattered pilot
extraction logic 94, determines a channel estimate based on
the extracted pilot signal using channel estimation logic 96,
and provides channel responses for all sub-carriers using
channel reconstruction logic 98. In order to determine a chan-
nel response for each of the sub-carriers, the pilot signal is
essentially multiple pilot symbols that are scattered among
the data symbols throughout the OFDM sub-carriers in a
known pattern in both time and frequency. Continuing with
FIG. 6, the processing logic compares the received pilot sym-
bols with the pilot symbols that are expected in certain sub-
carriers at certain times to determine a channel response for
the sub-carriers in which pilot symbols were transmitted. The
results are interpolated to estimate a channel response for
most, if not all, of the remaining sub-carriers for which pilot
symbols were not provided. The actual aid interpolated chan-
nel responses are used to estimate an overall channel
response, which includes the channel responses for most, if
not all, of the sub-carriers in the OFDM channel.

[0049] The frequency domain symbols and channel recon-
struction information, which are derived from the channel
responses for each receive path are provided to an STC
decoder 100, which provides STC decoding on both received
paths to recover the transmitted symbols. The channel recon-
struction information provides equalization information to
the STC decoder 100 sufficient to remove the effects of the
transmission channel when processing the respective fre-
quency domain symbols.

[0050] The recovered symbols are placed back in order
using symbol de-interleaver logic 102, which corresponds to
the symbol interleaver logic 58 of the transmitter. The de-
interleaved symbols are then demodulated or de-mapped to a
corresponding bitstream using de-mapping logic 104. The
bits are then de-interleaved using bit de-interleaver logic 106,
which corresponds to the bit interleaver logic 54 of the trans-
mitter architecture. The de-interleaved bits are then processed
by rate de-matching logic 108 and presented to channel
decoder logic 110 to recover the initially scrambled data and
the CRC checksum. Accordingly, CRC logic 112 removes the
CRC checksum, checks the scrambled data in traditional
fashion, and provides it to the de-scrambling logic 114 for
de-scrambling using the known base station de-scrambling
code to recover the originally transmitted data 116.

[0051] In parallel to recovering the data 116, a CQI 120, or
at least information sufficient to create a CQI at the base
station 14, is determined and transmitted to the base station
14. As noted above, the CQI may be a function of the carrier-
to-interference ratio (CM) 122, as well as the degree to which
the channel response varies across the various sub-carriers in
the OFDM frequency band. For this embodiment, the channel
gain for each sub-carrier in the OFDM frequency band being
used to transmit information is compared relative to one
another to determine the degree to which the channel gain
varies across the OFDM frequency band. This channel analy-
sis can be performed by a channel variation analysis tech-
nique 118. Although numerous techniques are available to
measure the degree of variation, one technique is to calculate
the standard deviation of the channel gain for each sub-carrier
throughout the OFDM frequency band being used to transmit
data.
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[0052] FIGS. 7 and 8 illustrate, respectively, an example of
a single-carrier frequency division multiple access (“SC-
FDMA”) transmitter and receiver for a single-in single-out
(“SISO”) configuration in accordance with an embodiment of
the present application. In SISO configurations, mobile sta-
tions transmit on one antenna and base stations and/or relay
stations receive on one antenna. FIGS. 7 and 8 illustrate the
basic signal processing steps needed at the transmitter and
receiver for the LTE SC-FDMA uplink. In some embodi-
ments, SC- is used. SC-FDMA is a modulation and multiple
access scheme introduced for the uplink of 3GPP LTE broad-
band wireless fourth generation (4G) air interface standards,
and the like. SC-FDMA can be viewed as a discrete Fourier
transform (“DFT”) pre-2 coded orthogonal frequency-divi-
sion multiple access (“OFDMA”) scheme, or, it can be
viewed as a single carrier (“SC”) multiple access scheme.
[0053] Thus, as shown in FIGS. 7 and 8, an RF signal 148
is subjected to DFT pre-coding 142 on the transmitter side,
sub-carrier mapping 144, and standard OFDMA transmit cir-
cuitry 146, while OFDMA receive circuitry 150 and sub-
carrier mapping 144 on the receiver side present a signal
subject to inverse discrete Fourier transform (“IDFT”) 152 at
the receiver output.

[0054] There are several similarities in the overall trans-
ceiver processing of SC-FDMA and OFDMA. Those com-
mon aspects between OFDMA and SC-FDMA are illustrated
in the OFDMA transmit circuitry 146 and OFDMA receive
circuitry 150, as they would be obvious to a person having
ordinary skill in the art in view of the present specification.
SC-FDMA is distinctly different from OFDMA because of
the DFT pre-coding of the modulated symbols, and the cor-
responding IDFT of the demodulated symbols. Because of
this pre-coding, the SC-FDMA sub-carriers are not indepen-
dently modulated as in the case of the OFDMA sub-carriers.
As a result, the peak-to-average-power-ratio (“PAPR”) of
SC-FDMA signal is lower than the PAPR of the OFDMA
signal. Lower PAPR greatly benefits the mobile device in
terms of transmit power efficiency.

[0055] The present invention provides a UE-specific clus-
tering approach where the cluster of eNBs serving a particular
UE is a subset of a larger cluster rather than the whole net-
work. This approach provides a simplified scheduling imple-
mentation (as opposed to the complex scheduling of the pure
UE-specific clustering approach) and superior performance
(as opposed to the poor performance of the fixed clustering
approach). The subset cell cluster chosen from the larger cell
cluster can vary depending upon different sub-bands and
different times. The system and method of the present inven-
tion requires scheduling among the eNBs in the larger cluster
(rather than all eNBs in the network) and can provide most of
the achievable throughput gain.

[0056] The network is divided into clusters of cells. These
clusters are referred to as the CoMP measurement cell sets
(“CMCS”). The CMCS is cell-specific rather than mobile
device-specific. The identity of cells and total number of cells
within the CMCS is not fixed, and can vary depending upon
different frequency-bands and can vary in time. This reflects
the dynamic nature of the clustering method and system of the
present invention. Thus, the CMCS is a cell cluster represent-
ing the total number of “candidate” eNBs 14 that are available
to a specific mobile device 16.

[0057] A mobile device 16 in a specific cell 12 then mea-
sures the received power from all eNBs 14 in the selected cell
cluster (CMCS). The mobile device 16 reports to BSC 10 with
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a subset number of cells within the CMCS from which it
receives the highest power. This subset is called the CoMP
Reporting Cell Set (“CRCS”). The CRCS is mobile device-
specific rather than cell-specific. BSC 10 receives a transmis-
sion from each mobile device 16, informing the BSC 10 of
each UE’s cell cluster preference (CRCS). Based on this
report, BCS 10 decides which eNBs 14 in the cells within the
CRCS should actually perform the CoMP transmission, for
that mobile device 16. The set of cells selected by BCS 10
contain the eNB 14 which will actually perform the CoMP
transmission. This set of cells is a subset of the CRCS, and is
called the CoMP Active Cell Set (“CACS”). It should be
noted that although only the eNBs 14 in the CACS perform
CoMP transmission to the given mobile device 16, scheduling
coordination is required within the whole CMCS as different
CACSs corresponding to different mobile devices 16 may
overlap.

[0058] FIG. 9 illustrates an example of the mobile device-
specific clustering approach of the present invention. The
network is divided into a number of CMCS’s. In this example,
a CMCS of 9 cells is shown. As discussed above, the selection
of this number can be based on a number of different factors
including the strength of the eNBs 14 in the cell, the fre-
quency band it operates in, and the level of interference within
that frequency band. The mobile device 16 then chooses a
subset (CRCS) of the CMCS. The mobile device 16 makes the
selection of “preferred” cells (CRCS) taking into consider-
ation such things as channel resources and the received power
from different eNBs 14 in the CMCS. Thus, in an exemplary
embodiment, a mobile device 16 can select a number of eNB
14, for example, 3 or 4 eNBs, by taking into consideration the
level of signal power received from the eNBs 14 within the
CMCS. In another embodiment, if the mobile device 16
selects 6 preferred cells as its CRCS, this might produce a
higher performance but will also consume more channel
resources, than a selection of few preferred cells. Thus, for
example, in FIG. 9, cell 1 can be coordinated with two other
cells, e.g., cell 10 and cell 17, within the entire shaded area
(CMCS). Once the mobile device 16 has made its CRCS
selection, it sends a report to the BSC 10, informing it that it
has selected, in this instance, three cells, and requests that the
BSC 10 choose which of the base stations 14 within the
selected three cells should actually provide the connection to
the mobile device 16.

[0059] FIG. 10 is a graph that compares the signal-to-inter-
ference-plus-noise ratio (“SINR”) geometry for different
clustering approaches. The illustrationin FIG. 9 considers the
downlink of a cellular network having 19 hexagonal sites and
three cells per site, an inter site distance (“ISD””) of 500 m, and
an antenna front-to-back gain of 20 dB. The channels are
modeled based on distance-dependent attenuation and shad-
owing. CoMP transmission is only applied to mobile devices
16 with received (pre-CoMP-)SINR less than SINRth=0 dB.
The post-CoMP-SINR (SINR after CoMP) is calculated by
turning two (out of 56) interfering signals into the desired
signal. This corresponds to open-loop transmit diversity
scheme on three coordinated eNBs 14.

[0060] The graph of FIG. 10 represents the SINR geometry
for different clustering approaches. The graph illustrates the
cumulative distribution function (“CDF”) vs. the SINR for
four different scenarios: when no CoMP is used, when the
Pure mobile device-centric CoMP approach is used, when the
Fixed-Cluster CoMP approach is used, and when the pro-
posed mobile device-centric clustering approach of the
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present invention is used. Generally, a higher mobile device
16 performance is associated with a relatively high SINR.

[0061] FIG. 11 is a flowchart illustrating an exemplary
clustering method of the present invention. Initially, BCS 10
divides the entire network of cells into a cluster of cells
(CMCS), and forwards the CMCS to each mobile device 16,
at step 154. As discussed above, this number can depend on a
number of factors, can vary within each frequency band, and
can vary over time. The mobile device 16 then determines, at
step 156 its “preferred” cells (CRCS) based on, for example,
the strength of the signal received from the eNBs 14 within
those cells. BSC 10 receives the cell cluster selection (CRCS)
from the mobile device 16 at step 158. BSC 10 then deter-
mines which cells in the mobile device’s CRCS will actually
perform the CoMP transmission, at step 160. BCS 10 then
instructs an eNB 14 within one of the preferred cells to make
the actual connection with the target mobile device 16.

[0062] The method and system of the present invention
overcomes the problems of the prior art by reducing the
overall scheduling complexity associated with prior art
CoMP cell clustering approach, while increasing overall sys-
tem performance.

[0063] The inventive method and system implements
CoMP transmission and reception in a wireless cellular com-
munication system by selecting clusters of cooperating cells
or sectors that serve mobile devices within the system. This
invention is a novel scheme to assign cell/sector clusters for
each mobile device. The clustering approach of the present
invention is a UE-centric approach where the cluster of eNBs
serving a specific mobile device is a subset of a larger cluster
rather than the whole network. This approach requires sched-
uling among the eNBs only in the larger cluster, rather than all
eNBs in the network, and provides optimal performance and
throughput.

[0064] FIGS. 1 to 11 provide one specific example of a
communication system that could be used to implement
embodiments of the application. It is to be understood that
embodiments of the application can be implemented with
communications systems having architectures that are difter-
ent than the specific example, but that operate in a manner
consistent with the implementation of the embodiments as
described herein.

[0065] The present invention can be realized in hardware,
software, or a combination of hardware and software. Any
kind of computing system, or other apparatus adapted for
carrying out the methods described herein, is suited to per-
form the functions described herein.

[0066] A typical combination of hardware and software
could be a specialized or general purpose computer system
having one or more processing elements and a computer
program stored on a storage medium that, when loaded and
executed, controls the computer system such that it carries out
the methods described herein. The present invention can also
be embedded in a computer program product, which com-
prises all the features enabling the implementation of the
methods described herein, and which, when loaded in a com-
puting system is able to carry out these methods. Storage
medium refers to any volatile or non-volatile storage device.
[0067] Computer program or application in the present
context means any expression, in any language, code or nota-
tion, of a set of instructions intended to cause a system having
an information processing capability to perform a particular
function either directly or after either or both of the following
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a) conversion to another language, code or notation; b) repro-
duction in a different material form.

[0068] It will be appreciated by persons skilled in the art
that the present invention is not limited to what has been
particularly shown and described herein above. In addition,
unless mention was made above to the contrary, it should be
noted that all of the accompanying drawings are not to scale.
A variety of modifications and variations are possible in light
of the above teachings without departing from the scope and
spirit of the invention, which is limited only by the following
claims.

1. A method of coordinated multi-point transmission in a
wireless communication network, the network having a total
number of cells served by corresponding base stations, the
method comprising:

receiving, from a mobile device within the network, an

identity of a cluster of preferred cells selected from a
cluster of cell candidates, the cluster of cell candidates
representing a subset of the total number of cells within
the network;

selecting at least one base station located within the cluster

of preferred cells to establish communication with the
mobile device; and

establishing a wireless connection between the selected at

least one base station and the mobile device.

2. The method of claim 1, wherein the mobile device is
operable using a set of frequency bands, wherein the cluster of
cell candidates varies depending on an operational frequency
band from the set of frequency bands.

3. The method of claim 1, wherein the cluster of cell can-
didates varies over time.

4. The method of claim 1, wherein the cluster of cell can-
didates varies according to interference within each opera-
tional frequency band.

5. The method of claim 1, wherein the cluster of preferred
cells is determined based on a power level received from each
base station within the cluster of preferred cells.

6. The method of claim 1, wherein the cluster of cell can-
didates varies based on resource availability within the net-
work.

7. The method of claim 1, further comprising coordinating
scheduling of the wireless connection between the selected at
least one base station and the mobile device if a cell within the
cluster of preferred cells for the mobile device is identical to
a cell within the cluster of preferred cells of a different mobile
device.

8. A base station controller in a coordinated multi-point
wireless communication network, the base station controller
in wireless communication with a total number of cells served
by corresponding base stations, the base station controller
operable to:

receive, from a mobile device within the network, an iden-

tity of a cluster of preferred cells selected from a cluster
of cell candidates, the cluster of cell candidates repre-
senting a subset of the total number of cells within the
network;

select at least one base station located within the cluster of

preferred cells to establish communication with the
mobile device; and

establish a wireless connection between the selected at

least one base station and the mobile device.
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9. The base station controller of claim 8, wherein the
mobile device is operable using a set of frequency bands,
wherein the cluster of cell candidates varies depending on an
operational frequency band from the set of frequency bands.

10. The base station controller of claim 8, wherein the
cluster of cell candidates varies over time.

11. The base station controller of claim 8, wherein the
cluster of cell candidates varies according to interference
within each operational frequency band.

12. The base station controller of claim 8, wherein the
cluster of preferred cells is determined based on a power level
received from each base station within the cluster of preferred
cells.

13. The base station controller of claim 8, wherein the
cluster of cell candidates varies based on resource availability
within the network.

14. A system for improving performance in a wireless
coordinated multi-point transmission network, the network
having a total number of cells, the system comprising:

atleast one base station serving a corresponding cell within

the total number of network cells; and

a base station controller in wireless communication with

the at least one base station, the base station controller

operable to:

receive, from a mobile device within the network, an
identity of a cluster of preferred cells selected from a
cluster of cell candidates, the cluster of cell candidates
representing a subset of the total number of cells
within the network;

select at least one of the at least one base station serving
the cluster of preferred cells to establish communica-
tion with the mobile device; and

establish a wireless connection between the selected at
least one base station and the mobile device.

15. The system of Clam 14, wherein the mobile device is
operable using a set of frequency bands, wherein the cluster of
cell candidates varies depending on an operational frequency
band from the set of frequency bands.

16. The system of Clam 14, wherein the cluster of cell
candidates varies over time.

17. The system of Clam 14, wherein the cluster of cell
candidates varies according to interference within each
operational frequency band.

18. The system of Clam 14, wherein the cluster of preferred
cells is determined based on power level received from each
base station within the cluster of preferred cells.

19. The system of Clam 14, wherein the cluster of cell
candidates varies based on resource availability within the
network.

20. The system of claim 14, the base station controller
further operable to coordinate scheduling of the wireless con-
nection between the selected at least one base station and the
mobile device if a cell within the cluster of preferred cells for
the mobile device is identical to a cell within the cluster of
preferred cells of a different mobile device.
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