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POWER ALLOCATION IN CLOSED-LOOP
DOWNLINK COOPERATIVE MULTIPLE
POINT (COMP) TRANSMISSION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of prior U.S.
Provisional Application Nos. 61/149,125 filed Feb. 2, 2009
hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to wireless communi-
cation techniques in general, and to techniques of power
allocation in closed-loop downlink coordinated multiple
point (CoMP) transmission, in particular.

BACKGROUND OF THE INVENTION

10003] Inter-cell interference (ICI) is a problem in wireless
cellular networks.

10004] Coordinated multiple-point (CoMP) transmission
and/or reception has been proposed to improve coverage and
to increase cell-edge and aggregate network throughput in
emerging wireless technologies, such as, for example, the
Long Term Evolution-Advanced (LTE-A) mobile communi-
cation standard that is being standardized by the 3" Genera-
tion Partnership Project (3GPP).

10005] CoMP transmission/reception is also considered as
an effective approach to address the ICI problem in LTE-A
using inter-cell interference coordination (ICIC) that takes
advantage of the inherent joint scheduling/processing at the
network nodes of coordinated cells.

10006] Downlink CoMP transmission may be considered to
be divided into two categories:

[0007] a) Coordinated scheduling and/or beamforming;
and
10008] b) Joint processing/transmission.

[0009] In the category of coordinated scheduling and/or
beamforming, the data to a single mobile terminal (UE) is
transmitted from the network node, which in the case of
LTE-A is an evolved-Node B (eNB), of the serving cell of the
UE only; however, scheduling decisions are coordinated to
control, e.g., the interference generated in a set of coordinated
cells.

[0010] In the joint processing/transmission category, data
to a single UE is simultaneously transmitted from multiple
eNBs, e.g., to (coherently or non-coherently) improve the
received signal quality and/or cancel actively interference for
other UEs.

[0011] Ithasbeen shown that coordination among all eNBs
in the system provides significant increase in celledge and
average cell throughputs. However, data/channel state infor-
mation (CSI) sharing among all eNBs in the system requires
high backhaul capacity and is considered to be complex to
implement.

10012] To reduce the complexity, cooperation among a lim-
ited number of eNBs for communicating with a particular UE
may be considered. One issue related to CoMP transmission/
reception is then to determine the coordinated cell cluster
serving a specific UE in order to have, e.g, the largest cell
throughput for an accepted level of scheduling complexity
and backhaul capacity. Examples of cell selection for cell
clustering for CoMP are discussed in “Cell Clustering CoMP
Transmission/Reception” R1-084464 Nortel Networks Lim-
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ited, 3GPP TSG-RAN Working Group 1 Meeting #55 Prague,
Czech Republic November 2008, which is hereby incorpo-
rated by reference in its entirety.

10013] While CoMP downlink transmission has been pro-
posed for emerging mobile communication technologies,
suchas LTE-A, issues of power allocation among cooperating
network nodes, and the affect of CoMP downlink transmis-
sion on the rest of the network has not been fully addressed.

SUMMARY

10014] According to one broad aspect of the present inven-
tion, there is provided a method in a network node, the
method comprising:

[0015] transmitting from the network node to a mobile
terminal on one of a plurality of frequency bands allocated for
cooperative downlink transmission, the network node having
a respective predetermined frequency band transmission
power level for each of the plurality of frequency bands
allocated for cooperative downlink transmission.

10016] In some embodiments, the method further com-
prises:
[0017] transmitting an indication of the network node’s

respective predetermined frequency band transmission power
level for each of the plurality of frequency bands allocated for
cooperative downlink transmission.

10018] In some embodiments, the method further com-
prises:
[0019] transmitting on each of the plurality of frequency

bands allocated for cooperative downlink transmission, net-
work node-specific reference symbols at the respective pre-
determined frequency band transmission power level of the
frequency band.

10020] In some embodiments, the method further com-
prises:
10021] receiving channel state information indicative of a

channel between the network node and the mobile terminal
for each of the plurality of frequency bands.

10022] In some embodiments, the method further com-
prises:
10023] selecting one of the plurality of frequency bands

allocated for cooperative downlink transmission having
regard to the received channel state information, wherein
transmitting from the network node to a mobile terminal on
one of a plurality of frequency bands allocated for coopera-
tive downlink transmission comprises transmitting from the
network node to the mobile terminal on the selected one of the
plurality of frequency bands allocated for cooperative down-
link transmission.

10024] In some embodiments, transmitting network node-
specific reference symbols comprises transmitting common
network node-specific reference symbols to each of a plural-
ity of mobile terminals inclusive of the previously recited
mobile terminal.

10025] In some embodiments, transmitting to the mobile
terminal on one of the plurality of frequency bands allocated
for cooperative downlink transmission comprises transmit-
ting from the network node to the mobile terminal in coop-
eration with at least one other network node in the same
frequency band of the plurality of frequency bands allocated
for cooperative downlink transmission, wherein each net-
work node has a respective predetermined frequency band
transmission power level for each of the plurality of fre-
quency bands.
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10026] In some embodiments, the method further com-
prises:
[0027] transmitting to the mobile terminal in at least one

frequency band that is not included in the plurality of fre-
quency bands allocated for cooperative downlink transmis-
sion, wherein transmitting in the at least one frequency band
that is not included in the plurality of frequency bands allo-
cated for cooperative downlink transmission is done as a
single-point transmission.

10028] According to another broad aspect of the present
invention, there is provided a network node comprising:
10029] a radio transceiver configured to transmit to a
mobile terminal on one of a plurality of frequency bands
allocated for cooperative downlink transmission, the radio
transmitter having a respective predetermined frequency
band transmission power level for each of the plurality of
frequency bands allocated for cooperative downlink trans-
mission.

10030] In some embodiments, the radio transceiver is fur-
ther configured to transmit an indication of the network
node’s respective predetermined frequency band transmis-
sion power level for each of the plurality of frequency bands
allocated for cooperative downlink transmission.

10031] In some embodiments, the radio transceiver is fur-
ther configured to transmit network node-specific reference
symbols on each of the plurality of frequency bands allocated
for cooperative downlink transmission at the respective pre-
determined frequency band transmission power level of the
respective frequency band.

10032] In some embodiments, the radio transceiver is fur-
ther configured to receive channel state information indica-
tive of a channel between the network node and the mobile
terminal for each of the plurality of frequency bands.

10033] In some embodiments, the network node further
comprises a processor configured to select one of the plurality
of frequency bands allocated for cooperative downlink trans-
mission having regard to the channel state information,
wherein the radio transceiver is further configured to transmit
from the network node to the mobile terminal on the selected
one of the plurality of frequency bands allocated for coopera-
tive downlink transmission at the predetermined frequency
band transmission power level of the selected frequency
band.

10034] In some embodiments, the radio transceiver is con-
figured to transmit the network node-specific reference sym-
bols commonly to a plurality of mobile terminals.

10035] In some embodiments, the network node is an
evolved-Node B (eNB).

10036] In some embodiments, the radio transceiver is con-
figured to transmit from the network node to the mobile
terminal in cooperation with at least one other network node
in the same frequency band of the plurality of frequency
bands allocated for cooperative downlink transmission,
wherein each network node has a respective predetermined
frequency band transmission power level for each of the
plurality of frequency bands.

10037] In some embodiments, the radio transceiver is fur-
ther configured to transmit to the mobile terminal in at least
one frequency band that is not included in the plurality of
frequency bands allocated for cooperative downlink trans-
mission, wherein transmitting in the at least one frequency
band that is not included in the plurality of frequency bands
allocated for cooperative downlink transmission is done as a
single-point transmission.
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10038] According to yet another broad aspect of the present
invention, there is provided a method in a communication
network, the method comprising:

10039] cooperatively transmitting from each of a plurality
of network nodes to a mobile terminal in a selected one of a
plurality of frequency bands allocated for cooperative down-
link transmission, wherein each network node has a respec-
tive predetermined frequency band transmission power level
for each of the plurality of frequency bands allocated for
cooperative downlink transmission.

10040] In some embodiments, for at least one of the fre-
quency bands, the respective predetermined frequency band
transmission power level of at least one of the network nodes
is different than the respective predetermined frequency band
transmission power level of at least one of the other network
nodes of the plurality of network nodes.

[0041] In some embodiments, the respective predeter-
mined frequency band transmission power levels are prede-
termined based on optimization of a network performance
parameter.

10042] In some embodiments, optimization of a network
performance parameter comprises maximizing network
throughput.

10043] In some embodiments, the method further com-
prises:
10044] for each network node of the plurality of network

nodes, transmitting to the mobile terminal, for each frequency
band of the plurality of frequency bands allocated for coop-
erative downlink transmission, an indication of the respective
predetermined frequency band transmission power level used
by the respective network node for the respective frequency
band.

10045] In some embodiments, the method further com-
prises:
10046] receiving channel state information in respect of the

mobile terminal indicative of channels between the mobile
terminal and each of the plurality of network nodes for at least
one of the plurality of frequency bands.

10047] In some embodiments, cooperatively transmitting
from each of the plurality of network nodes to the mobile
terminal in a selected one of a plurality of frequency bands
allocated for cooperative downlink transmission comprises
scheduling the mobile terminal at the plurality of network
nodes for cooperative downlink transmission in one of the
plurality of frequency bands having regard to the channel
state information and, for each frequency band of the plurality
of frequency bands, the predetermined frequency band trans-
mission power levels used by the plurality of network nodes
in the frequency band.

10048] In some embodiments, the method further com-
prises:
10049] each network node of the plurality of network nodes

respectively transmitting, for each of the plurality of fre-
quency bands allocated for cooperative downlink transmis-
sion, network node-specific reference symbols at the respec-
tive predetermined frequency band transmission power level
used by the network node for the respective frequency band.
10050] In some embodiments, the method further com-
prises determining the channel state information at the mobile
terminal by:

[0051] for each network node, determining channel state
information indicative of a channel between the network node
and the mobile terminal for each of the at least one of the
plurality of frequency bands based on: the indication of the
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respective predetermined frequency band transmission power
level used by the respective network node for the respective
frequency band and the network node-specific reference sym-
bols transmitted by the respective network node in the respec-
tive frequency band.

[0052] In some embodiments, the plurality of network
nodes comprises network nodes in adjacent cells.

[0053] In some embodiments, the network nodes in adja-
cent cells comprise evolved-Node Bs (eNBs) of adjacent sites
in the communication network.

[0054] According to still another broad aspect of the
present invention, there is provided a mobile terminal com-
prising:

[0055] aradio transceiver configured to receive cooperative
downlink transmissions from each of a plurality of network
nodes in a selected one of a plurality of frequency bands
allocated for cooperative downlink transmission, wherein
each network node has a respective predetermined frequency
band transmission power level for each of the plurality of
frequency bands allocated for cooperative downlink trans-
mission.

[0056] In some embodiments, for at least one of the fre-
quency bands, the respective predetermined frequency band
transmission power level of at least one of the network nodes
is different than the respective predetermined frequency band
transmission power level of at least one of the other network
nodes of the plurality of network nodes.

[0057] In some embodiments, the respective predeter-
mined frequency band transmission power levels are prede-
termined based on optimization of a network performance
parameter.

[0058] In some embodiments, optimization of a network
performance parameter comprises maximizing network
throughput.

[0059] In some embodiments, the radio transceiver is fur-
ther configured to:

[0060] receive, for each network node of the plurality of
network nodes, for each frequency band of the plurality of
frequency bands allocated for cooperative downlink trans-
mission, an indication of the respective predetermined fre-
quency band transmission power level used by the respective
network node for the respective frequency band.

[0061] In some embodiments, the radio transceiver is fur-
ther configured to:

[0062] receive, from each network node of the plurality of
network nodes, for each of the plurality of frequency bands
allocated for cooperative downlink transmission, network
node-specific reference symbols at the respective predeter-
mined frequency band transmission power level used by the
network node for the respective frequency band.

[0063] In some embodiments, the mobile terminal further
comprises a processor configured to determine channel state
information indicative of channels between the mobile termi-
nal and each of the plurality of network nodes for at least one
of'the plurality of frequency bands based on: the indication of
the respective predetermined frequency band transmission
power level used by the respective network node for the
respective frequency band and the network node-specific ref-
erence symbols transmitted by the respective network node in
the respective frequency band.

[0064] In some embodiments, the radio transceiver is fur-
ther configured to transmit the channel state information to
one or more of the plurality of network nodes.
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[0065] In some embodiments, the radio transceiver is con-
figured to receive cooperative downlink transmissions from
the plurality of network nodes on one of the plurality of
frequency bands based on the channel state information and,
for each frequency band of the plurality of frequency bands,
the predetermined frequency band transmission power levels
used by the plurality of network nodes in the frequency band.
[0066] In some embodiments, the radio transceiver is fur-
ther configured to receive a scheduling to the selected one of
the plurality of frequency bands.

[0067] In some embodiments, the mobile terminal further
comprises:
[0068] a memory configured to store information identify-

ing, for each of the plurality of network nodes, the network
node’s respective predetermined frequency band transmis-
sion power level for each of the plurality of frequency bands
allocated for cooperative downlink transmission; and

[0069] aprocessorconfigured to determine, for the selected
one of the plurality of frequency bands allocated for coopera-
tive downlink transmission, the respective predetermined fre-
quency band transmission power level of each of the plurality
of network nodes based on the stored information.

[0070] According to a further broad aspect of the present
invention, there is provided a method in a communication
network, the method comprising:

[0071] inrespectofaplurality of frequency bands allocated
for cooperative downlink transmission, for which, for each
band a respective plurality of predetermined frequency band
transmission power levels is used respectively by a plurality
of network nodes for cooperative downlink transmission in
the frequency band:

[0072] receiving channel state information in respect of a
mobile terminal indicative of channels between the mobile
terminal and each of the plurality of network nodes for at least
one of the plurality of frequency bands; and

[0073] scheduling the mobile terminal at two or more net-
work nodes of the plurality of network nodes for cooperative
downlink transmission in one of the plurality of frequency
bands having regard to the channel state information and, for
each of the plurality of frequency bands, the respective plu-
rality of predetermined frequency band transmission power
levels used respectively by the plurality of network nodes.

[0074] In some embodiments, the method further com-
prises:
[0075] cooperatively transmitting downlink to the mobile

terminal from the two or more network nodes of the plurality
of network nodes in the one of the plurality of frequency
bands allocated for cooperative downlink transmission in
which the mobile terminal has been scheduled.

[0076] In some embodiments, for at least one of the fre-
quency bands, the plurality of predetermined frequency band
transmission power levels used respectively by the plurality
of network nodes for that frequency band are non-identical.
[0077] Insomeembodiments, scheduling the mobile termi-
nal at two or more network nodes of the plurality of network
nodes for cooperative downlink transmission in one of the
plurality of frequency bands comprises scheduling the mobile
terminal for cooperative downlink transmission at each of the
network nodes.

[0078] Insome embodiments, in respect of the plurality of
frequency bands, the respective plurality of predetermined
transmission power levels used respectively by the plurality
of'network nodes are predetermined based on optimization of
a network performance parameter.
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[0079] In some embodiments, optimization of a network
performance parameter comprises maximizing network
throughput.

[0080] Insomeembodiments, scheduling the mobile termi-
nal at two or more network nodes of the plurality of network
nodes comprises:

[0081] scheduling the mobile terminal at the two or more
network nodes on one of the plurality of frequency bands
allocated for cooperative downlink transmission having
regard to the channel state information and, for each of the
plurality of frequency bands, the respective plurality of pre-
determined frequency band transmission power levels used
respectively by the plurality of network nodes.

[0082] In some embodiments, the method further com-
prises:
[0083] for each frequency band of the plurality of fre-

quency bands allocated for cooperative downlink transmis-
sion, transmitting to the mobile terminal an indication of the
respective plurality of predetermined frequency band trans-
mission power levels used respectively by the plurality of
network nodes for the respective frequency band.

[0084] In some embodiments, the method further com-
prises:
[0085] eachnetwork node of the plurality of network nodes

respectively transmitting, for each of the plurality of fre-
quency bands allocated for cooperative downlink transmis-
sion, network node-specific reference symbols at the respec-
tive predetermined frequency band transmission power level
used by the network node for the respective frequency band.
[0086] Insome embodiments, transmitting, for each of the
plurality of frequency bands allocated for cooperative down-
link transmission, a set of network node-specific reference
symbols comprises transmitting the network node-specific
reference symbols commonly to each of a plurality of mobile
terminals inclusive of the previously recited mobile terminal.
[0087] In some embodiments, the plurality of network
nodes comprises network nodes in adjacent cells.

[0088] In some embodiments, the network nodes in adja-
cent cells comprise evolved-Node Bs (eNBs) of adjacent sites
in the communication network.

[0089] Other aspects and features of the present invention
will become apparent, to those ordinarily skilled in the art,
upon review of the following description of the specific
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0090] Embodiments of the present invention will now be
described, by way of example only, with reference to the
accompanying drawing figures, wherein:

[0091] FIG. 11is a block diagram of a cellular communica-
tion system;
[0092] FIG.2is ablock diagram of an example base station

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

[0093] FIG. 3 is a block diagram of an example wireless
terminal that might be used to implement some embodiments
of the present invention;

[0094] FIG.4isablockdiagram of an example relay station
that might be used to implement some embodiments of the
present invention;

[0095] 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;
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[0096] 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;

[0097] FIG. 7A is a block diagram of a SC-FDMA trans-
mitter;

[0098] FIG. 7B is ablock diagram of a SC-FDMA receiver;
[0099] FIG. 8 is a diagram of a site and cell architecture in

accordance with an embodiment of the present invention;
[0100] FIG. 9 is a graph showing, for various power allo-
cation techniques, the fraction of mobile terminals that expe-
rience no more than a given Signal-to-Interference and Noise
Ratio (SINR);

[0101] FIG. 10 is a graph showing, for various power allo-
cation techniques, the fraction of mobile terminals receiving
no more than a given data rate;

[0102] FIG. 11 is a diagram showing the predetermined
frequency band transmission power levels of three network
nodes for each of four frequency bands allocated for coop-
erative downlink transmission in accordance with an embodi-
ment of the present invention;

[0103] FIG. 12 is a graph showing, for various power allo-
cation techniques, the fraction of mobile terminals that expe-
rience no more than a given SINR;

[0104] FIG. 13 is a graph showing, for various power allo-
cation techniques, the fraction of mobile terminals receiving
no more than a given data rate;

[0105] FIG. 14 is a graph showing, for various power allo-
cation techniques, the fraction of mobile terminals that expe-
rience no more than a given SINR; and

[0106] FIG. 15 is a graph showing, for various power allo-
cation techniques, the fraction of mobile terminals receiving
no more than a given data rate.

DETAILED DESCRIPTION

[0107] In the following detailed description of sample
embodiments, reference is made to the accompanying draw-
ings, which form a part hereof, and in which is shown by way
of illustration specific sample embodiments in which the
present invention may be practised. These embodiments are
described in sufficient detail to enable those skilled in the art
to practice the invention, and it is to be understood that other
embodiments may be utilized and that logical, mechanical,
electrical, and other changes may be made without departing
from the scope of the invention. The following detailed
description is, therefore, not to be taken in a limiting sense,
and the scope is defined by the appended claims.

[0108] As noted above, Coordinated multiple point
(COMP) transmission/reception has been proposed for
LTE-A to address the ICI problem and to improve coverage
and increase cell-edge and aggregate system throughputs.
Also as noted above coordination among all network nodes in
a system requires high backhaul capacity and in some cases
may be too complex to implement. To reduce the complexity,
cooperation among a limited number (cluster) of network
nodes for communicating with a particular mobile terminal
(UE) may be considered.

[0109] Methods are provided herein that include the sched-
uling of a mobile terminal at two or more cooperating net-
work nodes in one of a plurality of frequency bands allocated
for cooperative downlink transmission, wherein each of the
cooperating network nodes has its own predetermined fre-
quency band transmission power level for each of the fre-
quency bands.
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[0110] Embodiments ofthe present invention provide tech-
niques for power allocation among network nodes in a com-
munication network for CoMP downlink transmission.
Proper power allocation among network nodes in a cluster
can minimize the total power of the network nodes in the
cluster for a given rate delivered to a UE in the CoMP zone, or
equivalently, minimize inter-cluster interference. The selec-
tion of one of the frequency bands for cooperative downlink
transmission to a mobile terminal can be made on the basis of
minimizing the total power of the network nodes in the cluster
for a given rate delivered to amobile terminal in the frequency
bands allocated for cooperative downlink transmission, or
equivalently, minimizing inter-cluster interference.

[0111] That is, for example, supposing that a mobile termi-
nal is closer to one of two cooperating network nodes and a
given rate must be delivered to the mobile terminal, then, in
some embodiments, in order to minimize the total power of
the cooperating network nodes for cooperative downlink
transmission to the mobile terminal, and thus minimize the
interference on the rest of the network, a frequency band
among the plurality of frequency bands allocated for coop-
erative downlink transmission may be selected in which the
predetermined frequency band transmission levels of the
cooperating network nodes are such that the network node
that is closer to the mobile terminal is allocated more trans-
mission power than the farther one of the two network nodes.
In some embodiments, this selection of frequency band is
based on channel state information reported by the mobile
terminal.

[0112] The use of predetermined frequency band transmis-
sion power levels can potentially avoid the need for UE-
specific reference symbols in channel estimation, as
described herein.

[0113] Reference will now be made to FIGS. 1-6, 7A and
7B, which illustrate various examples of networks, network
nodes and mobile terminals in which embodiments of the
present invention may be realized.

[0114] Referring first to FIG. 1, FIG. 1 shows a base station
controller (BSC) 10 which controls wireless communications
within multiple cells 12, which cells are served by corre-
sponding 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 commu-
nications using OFDM with 20 mobile and/or wireless termi-
nals 16, which are within the cell 12 associated with the
corresponding base station 14. The movement of the mobile
terminals 16 in relation to the base stations 14 results in
significant fluctuation in channel conditions. As illustrated,
the base stations 14 and mobile terminals 16 may include
multiple antennas to provide spatial diversity for communi-
cations. In 3 some configurations, relay stations 15 may assist
in communications between base stations 14 and wireless
terminals 16. Wireless terminals 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 orrelay 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.

[0115] 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
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network interface 30. The receive circuitry 26 receives radio
frequency signals bearing information from one or more
remote transmitters provided by mobile terminals 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. Downconversion and digitization circuitry
(not shown) will then downconvert the filtered, received sig-
nal to an intermediate or baseband frequency signal, which is
then digitized into one or more digital streams.

[0116] 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 20 circuits (ASICs). The
received information is then sent across a wireless network
via the network interface 30 or transmitted to another mobile
terminal 16 serviced by the base station 14, either directly or
with the assistance of a relay 15.

[0117] 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.

[0118] With reference to FIG. 3, an example of a mobile
terminal 16 is illustrated. Similarly to the base station 14, the
mobile terminal 16 will include a control system 32, a base-
band processor 34, transmit circuitry 36, receive circuitry 38,
multiple antennas 40, and user interface circuitry 42. The
receive circuitry 38 receives radio frequency signals bearing
information 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 sig-
nal for processing. Downconversion and digitization circuitry
(not shown) will then downconvert the filtered, received sig-
nal to an intermediate or baseband frequency signal, which is
then digitized into one or more digital streams.

[0119] The baseband 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 application
specific integrated circuits (ASICs).

[0120] 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 20 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
carrier signal to the antennas 40 through a matching network
(not shown). Various modulation and processing techniques
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available to those skilled in the art are used for signal trans-
mission between the mobile terminal and the base station,
either directly or via the relay station.

[0121] 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-
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 given carrier is lower than
when a single carrier is used.

[0122] 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 recovers 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 (DFT), respectively. Accordingly, the characteriz-
ing feature of OFDM modulation is that orthogonal carrier
waves are generated for multiple bands within a transmission
channel. The modulated signals are digital signals 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.

[0123] In operation, OFDM is preferably used for at least
downlink transmission from the base stations 14 to the mobile
terminals 16. Each base station 14 is equipped with “n” trans-
mit antennas 20 28 (n>=1), and each mobile terminal 16 is
equipped with “m” receive antennas 40 (m>=1). Notably, the
respective antennas can be used for reception and transmis-
sion using appropriate duplexers or switches and are so
labelled only for clarity.

[0124] 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
terminals 16.

[0125] With reference to FIG. 4, an example of a relay
station 15 is illustrated. Similarly to the base station 14, and
the mobile terminal 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 142 enables the relay
14 to assist in communications between a base station 16 and
mobile terminals 16. The receive circuitry 138 receives radio
frequency signals bearing information from one or more base
stations 14 and mobile terminals 16. A low noise amplifier
and a filter (not shown) may cooperate to amplify and remove
broadband interference from the signal for processing.
Downconversion and digitization circuitry (not shown) will
then downconvert the filtered, received signal to an interme-
diate or baseband frequency signal, which is then digitized
into one or more digital streams.

[0126] 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, and 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).

[0127] For transmission, the baseband processor 134
receives digitized data, which may represent voice, video,
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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 20 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 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 terminal and the base station,
either directly or indirectly via a relay station, as described
above.

[0128] With reference to FIG. 5, a logical OFDM transmis-
sion architecture will be described. Initially, the base station
controller 10 will send data to be transmitted to various
mobile terminals 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 terminals to schedule the data for transmission as
well as select appropriate coding and modulation for trans-
mitting the scheduled data. The CQIs may be directly from
the mobile terminals 16 or determined at the base station 14
based on information provided by the mobile terminals 16. In
either case, the CQI for each mobile terminal 16 is a function
of the degree to which the channel amplitude (or response)
varies across the OFDM frequency band.

[0129] 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
terminal 16. Again, the channel coding for a particular mobile
terminal 16 is based on the CQI. In some implementations,
the channel encoder logic 50 uses known Turbo encoding
techniques. The encoded data is then processed by rate
matching logic 52 to compensate for the data expansion asso-
ciated with encoding.

[0130] Bit interleaver logic 54 systematically reorders the
bits in the encoded data to minimize the 20 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 Key (QPSK) modulation is used. The degree of modu-
lation is preferably chosen based on the CQI for the particular
mobile terminal. The symbols may be systematically reor-
dered to further bolster the immunity of the transmitted signal
to periodic data loss caused by frequency selective fading
using symbol interleaver logic 58.

[0131] 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 interference
and more readily decoded at a mobile terminal 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
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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 terminal 16.

[0132] 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 to provide an
inverse Fourier Transform. The output of the IFFT processors
62 provides 20 symbols in the time domain. The time domain
symbols are 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-analog
(D/A) conversion circuitry 66. The resultant (analog) signals
are then simultaneously modulated at the desired RF fre-
quency, amplified, and transmitted via the RF circuitry 68 and
antennas 28. Notably, pilot signals known by the 9 intended
mobile terminal 16 are scattered among the sub-carriers. The
mobile terminal 16, which is discussed in detail below, will
use the pilot signals for channel estimation.

[0133] Reference is now made to FIG. 6 to illustrate recep-
tion of the transmitted signals by a mobile terminal 16, either
directly from base station 14 or with the assistance of relay 15.
Upon arrival of the transmitted signals at each of the antennas
40 of the mobile terminal 16, the respective signals are
demodulated and amplified by corresponding RF circuitry
70. Forthe 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 downconverts the analog signal for digital pro-
cessing. The resultant digitized signal may be used by auto-
matic gain control circuitry (AGC) 74 to control the gain of
the amplifiers in the RF circuitry 70 based on the received
signal level.

[0134] 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 an auto-correlation between the two successive OFDM
symbols. A resultant time index corresponding to the maxi-
mum of the correlation result determines a fine 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 fine
synchronization algorithm is 20 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
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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.

[0135] 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 and 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.

[0136] 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 20
reconstruction information provides equalization informa-
tion to the STC decoder 100 sufficient to remove the effects of
the transmission channel when processing the respective fre-
quency domain symbols.

[0137] 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
descrambling using the known base station de-scrambling
code to recover the originally transmitted data 116.

[0138] In parallel to recovering the data 116, a CQI, 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 (CR), 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. Although numerous
techniques are available to measure the degree of variation,
one technique is to calculate the standard deviation of the
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channel gain for each sub-carrier throughout the OFDM fre-
quency band being used to transmit data.

[0139] In some embodiments, SC-FDMA (Single-Carrier
Frequency Division Multiple Access) isused. SC-FDMA is a
modulation and multiple access scheme introduced for the
uplink of 3GPP Long Term Evolution (LTE) broadband wire-
less fourth generation (4G) air interface standards, and the
like. SC-FDMA can be viewed as a DFT pre-coded OFDMA
scheme, or, it can be viewed as a single carrier (SC) multiple
access scheme.

[0140] Aspects of SC-FDMA signaling are now discussed
with reference to FIGS. 7A and 7B, which provide examples
of'aconventional SC-FDMA transmitter 150 and receiver 160
for single-in single-out (SISO) communication. In SISO,
mobile stations transmit on one antenna and base stations
and/or relay stations receive on one antenna. FIGS. 7A and
7B illustrate one example of signal processing steps/blocks
that may be used at the transmitter and receiver for SC-
FDMA signaling.

[0141] The SC-FDMA transmitter 150 illustrated in FIG.
7A includes a signal processing path that includes a DFT 152,
a Sub-carrier mapper 154, OFDMA transmit circuitry 156, a
radio frequency (RF) radio 158 and a transmit antenna 159.

[0142] The SC-FDMA receiver 160 illustrated in FIG. 7B
includes a signal processing path that includes a receive
antenna 169, an RF radio 168, OFDMA receive circuitry 166,
a Sub-Carrier mapper 164 and an IDFT 162.

[0143] Asnoted above, the example SC-FDMA transmitter
150 and receiver 160 illustrated in FIGS. 7A and 7B are
configured for single-in single-out (SISO) configuration. In
SISO, mobile terminals and network nodes transmit and
receive on one antenna. However, it should be understood that
embodiments of the present invention are not limited to SISO
operation. FIGS. 7A and 7B are provided merely as specific
examples to illustrate configurations and modes of operation
that may be utilized in some embodiments of the present
invention.

[0144] 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 156 and OFDMA receive
circuitry 166, 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 152 pre-coding of the modulated symbols, and the
corresponding IDFT 162 of the demodulated symbols.
Because of this pre-coding, the SC-FDMA sub-carriers are
not independently modulated as in the case of the OFDMA
sub-carriers. As a result, the peak to average power ratio
(PAPR) of SCFDMA signaling is lower than the PAPR of
OFDMA signaling, which means that the transmit power
efficiency of SC-FDMA is generally higher than that of
OFDMA signaling.

[0145] FIGS. 1to 6, 7A and 7B provide specific examples
of communication systems and components thereof that
could be used to implement embodiments of the present
invention. It is to be understood that embodiments of the
present invention can be implemented with communications
systems having architectures that are different than the spe-
cific examples discussed above, but that operate in a manner
consistent with the implementation of the embodiments as
described herein.

[0146] Referring now to FIG. 8, FIG. 8 is a diagram show-
ing an exemplary arrangement of sites 222, each divided into
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three cells, in a cellular communication network 200 in accor-
dance with an embodiment of the present invention. In FIG. 8,
only 21 cells 201-221 of seven adjacent sites are explicitly
identified.

[0147] Consider the fixed cluster highlighted in FIG. 8,
which consists of adjacent cells 201, 206 and 220, where three
network nodes in cells 201, 206, and 220 are assumed to
cooperate in the joint processing mode to transmit to a UE in
the cluster scheduled in a CoMP frequency zone allocated for
CoMP downlink transmission.

[0148] With atotal power constraint on network nodes (ina
frequency band where the UE may be scheduled), the optimal
power allocation among network nodes to achieve the highest
transmission rate may be obtained, for example, by a water-
filling algorithm after singular value decomposition (SVD) of
the composite channel matrix from network nodes to the UE.
In other words, for a given rate delivered to the UE, less total
power is required if a proper power allocation algorithni is
chosen. The waterfilling algorithmi is a known method of
power assignment to parallel channels, and is described in
further detail in, for example, T. M. Cover and J. A. Thomas,
“Elements of Information Theory”, John Wiley & Sons, Inc,
1991, which is hereby incorporated by reference in its
entirety.

[0149] For convenience, in the following explanation we
will consider single-antenna network nodes and UEs. How-
ever, please note that, more generally, embodiments of the
present invention may include any number of receive and
transmit antennas, and are by no means to be considered to be
limited to the very specific examples described herein.
[0150] Leth, bethe channel gain from network node i to the
UE and P be the total power of network nodes in the frequency
band in which a UE is scheduled. The transmitted signal from
network nodes corresponding to optimal power allocation is
given by

Wi 201, 206, 220 L
= s, i =201, 206, 220,
1Al

Xi

where h=[h,; h,os hsse] and E[IsI*]=P. As it can be seen from
(1), the power allocated to network node i is proportional to
Ih,1%. The corresponding SINR and rate received by the UE
are given by

|A]|1>P 2)
SINRy = ——.

1 1]* P 3)
Ry =slogl + —— |,
3 N

where N is the sum of the noise power and the interference
from the other clusters. The factor %4 is included in the rate
calculation to take into account that three network nodes are
used for transmission.
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[0151] The transmitted signal corresponding to equal
power allocation is given by

ul i =201, 206, 220 @
S, = N N .
V3

[0152] The corresponding SINR and rate received by the
UE are given by

I I3 fa20)2 P ©)
SINR, = (Im201] + |h206] + |h220])
3N
1 (201 | + V26 + 220l 2P ©
Ry ==log 1+ ——ay |

[0153] Inorder to compare the performances with optimal
power allocation and equal power allocation, we consider the
cellular system shown in FIG. 8 with 57 cells (19 sites divided
into three cells each). For simulation purposes, UEs are dis-
tributed uniformly in the highlighted cluster that includes
cells 201, 206 and 220. Only low geometry UEs (those to be
served in CoMP frequency zone) are considered in the simu-
lations. For the purposes of this simulation, UEs distributed in
cells 201, 206 and 220 are selected for CoMP downlink
transmission based on a comparision of post-CoMP rate (R™),
i.e. the data rate a UE would receive under CoMP downlink
transmission, with pre-CoMP rate (R7), i.e. the datarate a UE
would receive under non-CoMP downlink transmission. If for
agiven UE, R*>R ", then the UE is selected to be served under
CoMP downlink transmission. With this criteria, it turns out
that under the simulated conditions described above 21% of
the UEs distributed in cells 201, 206 and 220 are served in the
CoMP frequency zone. The details of simulation parameters
are listed in Table 1.

TABLE 1

Simulation parameters

Parameters Assumptions
BS total Tx power 46 dBm
ISD 500 m
Carrier frequency 2 GHz
Minimum distance between UE and network node 30 m
Shadowing standard deviation 8 dB
Shadowing correlation between sites 0.5
Shadowing correlation between sectors 1

Bs antenna gain 15 dBi
UE antenna gain 0 dBi

Channel model Rayleigh fading

[0154] FIGS. 9 and 10 illustrate the SINR and rate geom-
etries for optimal and equal power allocations among coop-
erating network nodes for CoMP downlink transmission in a
CoMP frequency zone allocated for CoMP downlink trans-
mission, as well as the corresponding simulated result for
non-CoMP downlink transmission, i.e. single-point down-
link transmission.

[0155] With reference to FIG. 9, FIG. 9 shows the SINR
geometries for mobile terminals without CoMP 230, with
optimal power assignment 232 and with equal power assign-
ment 234, as described above. Similarly, FIG. 10 shows the
rate geometries for mobile terminals without ComP 240, with
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optimal power assignment 242 and with equal power assign-
ment 244, as described above. As can be seen clearly from the
results of FIGS. 9 and 10, the use of CoMP improves the
SINR and rate geometries compared to those for non-CoMP
operation.

[0156] Optimal power allocation among different cooper-
ating network nodes in a frequency band can be obtained
through maximization of the downlink data rate of a mobile
terminal for a fixed total power. In other words, for a given
data rate, optimal power allocation is done to minimize the
total power of the cooperating network nodes in a frequency
band. However, one unfortunate drawback of optimal power
allocation is that it can potentially result in different network
node power levels in different subbands of the CoMP fre-
quency zone. That is, in optimal power allocation, the optimal
power levels can take any value in a continuo set. Having
infinitely many power levels requires dedicated mobile ter-
minal-specific reference symbols for channel estimation at
each mobile terminal, which can increases the overhead of the
system significantly.

[0157] The simple equal power allocation technique
described above offers an improvement over non-CoMP
operation, as shown in FIGS. 9 and 10, and does not require
mobile terminal-specific reference symbols, but causes more
interference to neighboring cells for a given mobile terminal
throughput.

[0158] Someembodiments ofthe present invention provide
power allocation techniques that avoid the need for mobile
terminal-specific reference signals, while offering improved
performance relative to non-CoMP operation and simple
equal power allocation operation. In accordance with these
embodiments, a plurality of frequency bands are allocated for
cooperative downlink transmission, and a plurality of net-
work nodes that might ofter CoMP downlink transmission are
configured such that for each frequency band of the plurality
of frequency bands allocated for cooperative downlink trans-
mission, they each have a predetermined frequency band
transmission power level. In some embodiments, the respec-
tive predetermined frequency band transmission power levels
of the network nodes in each frequency band is sent to the
mobile terminal scheduled in the same frequency band by the
serving network nodes.

[0159] The assignment of the predetermined frequency
band transmission power levels among network nodes in a
frequency band is done according to optimization of a net-
work operating parameter, such as maximizing cluster
throughput. In some embodiments, a mobile terminal to be
served under CoMP downlink transmission is scheduled in a
frequency band of the plurality of frequency bands that is
expected to yield the highest data rate for the mobile terminal,
i.e. maximize throughput to the mobile terminal.

[0160] There will generally be some performance degrada-
tion relative to optimal power allocation operation by forcing
the network node power levels to be limited to the pre-deter-
mined frequency band transmission power levels in the plu-
rality of frequency bands allocated for cooperative downlink
transmission.

[0161] FIG. 11 illustrates an example of how four fre-
quency bands may be allocated within a CoMP frequency
zone with different predetermined network node power levels
for the three clustered cells 201, 206 and 220 shown in FIG. 8.
[0162] InFIG. 11, the network nodes of cells 201, 206 and
202 each has a respective predetermined frequency band
transmission power level for each of the four frequency bands
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248A, 248B, 248C and 248D allocated for cooperative down-
link transmission in CoMP zone 249. In the illustrated
example, the respective predetermined frequency band trans-
mission power levels for the network nodes in cells 201, 206
and 220 are equal in frequency band 248A, while in each of
frequency bands 248B, 248C and 248D one of the respective
network nodes has a higher predetermined frequency band
transmission power level while the other two network nodes
have an equal and lesser predetermined frequency band trans-
mission power level. Specifically, the network node in cell
201 has the higher power level in frequency band 248B, the
network node in cell 206 has the higher power level in fre-
quency band 248C and the network node in cell 220 has the
higher power level in frequency band 248D.

[0163] In some embodiments, it would be expected that a
mobile terminal to be served under CoMP downlink trans-
mission that is approximately equidistant to the network
nodes in cells 201, 206 and 220 would be scheduled on
frequency band 248 A, where each network node has an equal
predetermined transmission power level, while a mobile ter-
minal to be served under CoMP downlink transmission that is
closer to the network node of one of the cells than they are the
network nodes of the other two would be scheduled on the
frequency band for which the network node that they are
closer to has the higher predetermined transmission power
level. In some embodiments, the scheduling of a mobile ter-
minal on one of the plurality of frequency bands allocated for
cooperative downlink transmission is based on channel state
information reported by the mobile terminal indicative of
channels between the mobile terminal and each of the plural-
ity of network nodes for each of the plurality of frequency
bands.

[0164] In some cases, the bandwidths of the frequency
bands allocated for cooperative downlink transmission is
determined according to a statistical distribution of mobile
terminal channel parameters. That is, depending on the sta-
tistical distribution of mobile terminal channel parameters,
some frequency bands may have more mobile terminals
scheduled in them, compared to the other frequency bands.
Accordingly, the bandwidth of a frequency band allocated for
cooperative downlink transmission may be selected on the
basis of the number of mobile terminals that are expected to
be scheduled in the frequency band based on the real or
expected statistical distribution of mobile terminal channel
parameters.

[0165] While FIG. 11 shows four frequency bands allo-
cated for cooperative downlink transmission, more generally
any number N of frequency bands, N>1, may be used in some
embodiments of the present invention. Also, it should be
noted that although the frequency bands 248 A, 248B, 248C
and 248D in FIG. 11 are shown as being contiguous, other
arrangements of frequency bands allocated for cooperative
downlink transmission may be utilized in some embodiments
of the present invention.

[0166] Insomeembodiments in which the frequency bands
allocated for cooperative downlink transmission are contigu-
ous or nearly contiguous, a mobile terminal may only esti-
mate a channel between the mobile terminal and a network
node for one of the plurality of frequency bands. The assump-
tion being that the channel does not change significantly for
the other frequency bands. That is, in some embodiments, the
mobile terminal does not estimate a channel for each fre-
quency band.
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[0167] In some embodiments, a mobile terminal may esti-
mate a channel between the mobile terminal and a network
node for one of the plurality of frequency bands allocated for
cooperative downlink transmission, and then use Sounding
Reference Signals (SRS) to estimate the channels for each of
the other frequency bands of the plurality of frequency bands
allocated for cooperative downlink transmission. This
approach may be particularly useful in embodiments in which
the plurality of frequency bands allocated for cooperative
downlink transmission are non-contiguous.

[0168] The simulated SINR and rate geometries of the pre-
determined power allocation technique shown in FIG. 11 are
illustrated in FIGS. 12 and 13. For simulation purposes, the
respective predetermined frequency band transmission power
levels of the three network nodes in cells 201, 206 and 220 for
each of the four frequency bands 248A, 248B, 248C and
248D have been selected as

respectively. The elements in the vectors are the respective
predetermined frequency band transmission power levels of
the three network nodes in cells 201, 206 and 220 for each
frequency band. It should be noted that for comparison pur-
poses with the performance of non-COMP operation, optimal
power allocation, and equal power allocation, the sum power
in each frequency band is the same (P). Mobile terminals that
have been uniformly distributed throughout cells 201, 206
and 220 and that have met the criteria to receive cooperative
downlink transmission are scheduled in one of the four fre-
quency bands according to their channel realization.

[0169] When a mobile terminal is first switched on and/or
when the mobile terminal first enters an area in which coop-
erative downlink transmission from a plurality of network
nodes is possible, the mobile terminal may first be scheduled
on one of the plurality of frequency bands allocated for coop-
erative downlink transmission at each of the network nodes
for the purposes of initially estimating a channel between the
mobile terminal and each of the network nodes. This initial
scheduling may be based on any suitable criteria or it may be
arbitrary and/or random. Once a channel has been estimated
on the initially scheduled frequency band for each of the
network nodes, and the channel state information (CSI)
indicative of the channel estimate has been reported to the
network, the mobile terminal is scheduled on one of the
plurality of frequency bands allocated for cooperative down-
link transmission based on the reported CSI and, for each
frequency band, the plurality of predetermined frequency
band transmission power levels corresponding respectively to
the plurality of network nodes.

[0170] With reference to FIG. 12, FIG. 12 shows the SINR
geometries for mobile terminals without CoMP 250, with
optimal power assignment 252, with equal power assignment
254 and with scheduling in one of four frequency bands with
predetermined frequency band transmission power levels
256, as described above. Similarly, FIG. 13 shows the rate
geometries for mobile terminals without CoMP 260, with
optimal power assignment 262, with equal power assignment
264, and with scheduling in one of four frequency bands with
predetermined frequency band transmission power levels
266, as described above. As can be seen clearly from the
results of FIGS. 12 and 13, the use of predetermined fre-
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quency band transmission power levels in four frequency
bands improves the SINR and rate geometries compared to
simple equal power allocation operation, but experiences a
degradation relative to optimal power allocation.

[0171] Improved SINR and rate performance can be
achieved by increasing the number of frequency bands allo-
cated for cooperative downlink transmission in the CoMP
frequency zone, although this is done at the expense of addi-
tional signalling overhead to provide the power level infor-
mation to the mobile terminals for each of the frequency
bands.

[0172] FIGS. 14 and 15 show the relative performance
improvement that can potentially be realized by having more
frequency bands with predetermined frequency band trans-
mission power levels at each of the cooperating network
nodes.

[0173] With reference to FIG. 14, FIG. 14 shows the SINR
geometries for mobile terminals without CoMP 270, with
optimal power assignment 272, with equal power assignment
274, with scheduling in one of four frequency bands with
predetermined frequency band transmission power levels
276, and with scheduling in one of seven frequency bands
with predetermined frequency band transmission power lev-
els 278. Similarly, FIG. 15 shows the rate geometries for
mobile terminals without CoMP 280, with optimal power
assignment 282, with equal power assignment 284, with
scheduling in one of four frequency bands with predeter-
mined frequency band transmission power levels 286, and
with scheduling in one of seven frequency bands with prede-
termined frequency band transmission power levels 288. As
can be seen clearly from the results of FIGS. 14 and 15, the
use of seven frequency bands improves the SINR and rate
geometries compared to the use of four frequency bands, and
approaches optimal power allocation performance.

[0174] A fixed clustering method has been proposed in
LTE-A whereby the network is divided into fixed non-inter-
secting coordinated clusters of network nodes and only the
network nodes in the same cluster cooperate for transmission
to the UEs in the cluster. From a theoretical point of view, if
the optimal transmission scheme is employed at the coordi-
nated network nodes, which in general requires simultaneous
transmission from network nodes to all UEs (i.e., Coordi-
nated Multiple Point-Multi User-Multiple Input Multiple
Output CoMP-MU-MIMO operation mode), then there is
throughput gain in serving both cell-centre and cell-edge UEs
under CoMP transmission. However, if the coordinated net-
work nodes only serve one UE at any given time (i.e., Coor-
dinated Multiple Point-Single User-Multiple Input Multiple
Output CoMP-SU-MIMO operation mode), then there can be
throughput loss in serving cell-centre UEs under CoMP.
Therefore, in some embodiments, the frequency bandwidth in
each cell of a cluster is divided into two frequency zones. In
the non-CoMP frequency zone, UEs are served only by the
network node in their cell. In the CoMP frequency zone, UEs
are served by all or some of the network nodes in the cluster.
In some embodiments, the CoMP frequency zone is divided
into a plurality of frequency bands allocated for cooperative
downlink transmission, as described above.

[0175] In some embodiments, pre-CoMP Signal-to-Inter-
ference and Noise Ratio (SINR) is used as a measure to decide
which UEs are served under CoMP transmission. A more
targeted approach is used in some embodiments to compare
pre-CoMP rate (R™) and post-CoMP rate (R™), which is not
much more complex than SINR calculation.
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[0176] The problem of power allocation among network
nodes in closed-loop downlink CoMP transmission has been
considered herein. The fixed cell clustering approach for
CoMP transmission has been considered and it has been
determined that with optimal power allocation, less total net-
work node power in a cluster is needed compared to the case
where all network nodes in the cluster use equal power, which
minimizes inter-cluster interference. However, the need for
mobile terminal-specific reference symbols is needed for
optimal power allocation. Techniques that avoid the need for
mobile terminal-specific reference symbols have been pro-
vided that utilize network node-specific reference signals for
channel estimation and allocate a plurality of frequency
bands for cooperative downlink transmission, wherein for
each frequency band, each cooperating network node has a
predetermined frequency band transmission power level.
[0177] The foregoing description includes many detailed
and specific embodiments that are provided by way of
example only, and should not be construed as limiting the
scope of the present invention. Alterations, modifications and
variations may be effected to the particular embodiments by
those of skill in the art without departing from the scope of the
invention, which is defined solely by the claims appended
hereto.

1. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)
. (canceled)

7. (canceled)

8. (canceled)

9. A network node comprising:

a radio transceiver configured to transmit to a mobile ter-
minal on one of a plurality of frequency bands allocated
for cooperative downlink transmission, the radio trans-
mitter having a respective predetermined frequency
band transmission power level for each of the plurality of
frequency bands allocated for cooperative downlink
transmission.

10. The network node of claim 9, wherein the radio trans-

ceiver is further configured to transmit:

an indication of the network node’s respective predeter-
mined frequency band transmission power level for each
of the plurality of frequency bands allocated for coop-
erative downlink transmission; and

network node specific reference symbols on each of the
plurality of frequency bands allocated for cooperative
downlink transmission at the respective predetermined
frequency band transmission power level of the respec-
tive frequency band.

11. (canceled)

12. The network node of claim 10, wherein the radio trans-
ceiver is further configured to receive channel state informa-
tion indicative of a channel between the network node and the
mobile terminal for each of the plurality of frequency bands.

13. The network node of claim 12, further comprising a
processor configured to select one of the plurality of fre-
quency bands allocated for cooperative downlink transmis-
sion having regard to the channel state information, wherein
the radio transceiver is further configured to transmit from the
network node to the mobile terminal on the selected one of the
plurality of frequency bands allocated for cooperative down-
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link transmission at the predetermined frequency band trans-
mission power level of the selected frequency band;
wherein the radio transceiver is configured to transmit the
network node specific reference symbols commonly to a
plurality of mobile terminals.

14. (canceled)

15. (canceled)

16. The network node of claim 9, wherein the radio trans-
ceiver is configured to transmit from the network node to the
mobile terminal in cooperation with at least one other net-
work node in the same frequency band of the plurality of
frequency bands allocated for cooperative downlink trans-
mission, wherein each network node has a respective prede-
termined frequency band transmission power level for each of
the plurality of frequency bands.

17. The network node of claim 9, wherein

the radio transceiver is further configured to transmit to the

mobile terminal in at least one frequency band that is not
included in the plurality of frequency bands allocated for
cooperative downlink transmission, wherein transmit-
ting in the at least one frequency band that is not
included in the plurality of frequency bands allocated for
cooperative downlink transmission is done as a single-
point transmission.

18. (canceled)

19. (canceled)

20. (canceled)

21. (canceled)

22. (canceled)

23. (canceled)

24. (canceled)

25. (canceled)

26. (canceled)

27. (canceled)

28. (canceled)

29. A mobile terminal comprising:

aradio transceiver configured to receive cooperative down-

link transmissions from each of a plurality of network
nodes in a selected one of a plurality of frequency bands
allocated for cooperative downlink transmission,
wherein each network node has a respective predeter-
mined frequency band transmission power level for each
of the plurality of frequency bands allocated for coop-
erative downlink transmission.

30. (canceled)

31. (canceled)

32. (canceled)

33. The mobile terminal of claim 29, wherein the radio
transceiver is further configured to:

receive, for each network node of the plurality of network

nodes, for each frequency band of the plurality of fre-
quency bands allocated for cooperative downlink trans-
mission, an indication of the respective predetermined
frequency band transmission power level used by the
respective network node for the respective frequency
band; and

receive, from each network node of the plurality of network

nodes, for each of the plurality of frequency bands allo-
cated for cooperative downlink transmission, network
node-specific reference symbols at the respective prede-
termined frequency band transmission power level used
by the network node for the respective frequency band.
34. (canceled)
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35. The mobile terminal of claim 33, further comprising a
processor configured to determine channel state information
indicative of channels between the mobile terminal and each
of the plurality of network nodes for at least one of the
plurality of frequency bands based on: the indication of the
respective predetermined frequency band transmission power
level used by the respective network node for the respective
frequency band and the network node-specific reference sym-
bols transmitted by the respective network node in the respec-
tive frequency band;

wherein the radio transceiver is further configured to trans-
mit the channel state information to one or more of the
plurality of network nodes; and

wherein the radio transceiver is configured to receive coop-
erative downlink transmissions from the plurality of net-
work nodes on one of the plurality of frequency bands
based on the channel state information and, for each
frequency band of the plurality of frequency bands, the
predetermined frequency band transmission power lev-
els used by the plurality of network nodes in the fre-
quency band.

36. (canceled)

37. (canceled)

38. The mobile terminal of claim 29, wherein the radio
transceiver is further configured to receive a scheduling to the
selected one of the plurality of frequency bands, and further
comprising:

a memory configured to store information identifying, for
each of the plurality of network nodes, the network
node’s respective predetermined frequency band trans-
mission power level for each of the plurality of fre-
quency bands allocated for cooperative downlink trans-
mission; and

aprocessor configured to determine, for the selected one of
the plurality of frequency bands allocated for coopera-
tive downlink transmission, the respective predeter-
mined frequency band transmission power level of each
of the plurality of network nodes based on the stored
information.

39. (canceled)

40. A method in a communication network, the method

comprising:

in respect of a plurality of frequency bands allocated for
cooperative downlink transmission, for which, for each
band a respective plurality of predetermined frequency
band transmission power levels is used respectively by a
plurality of network nodes for cooperative downlink
transmission in the frequency band:

receiving channel state information in respect of a mobile
terminal indicative of channels between the mobile ter-
minal and each of the plurality of network nodes for at
least one of the plurality of frequency bands; and

scheduling the mobile terminal at two or more network
nodes of the plurality of network nodes for cooperative
downlink transmission in one of the plurality of fre-
quency bands having regard to the channel state infor-
mation and, for each of the plurality of frequency bands,
the respective plurality of predetermined frequency
band transmission power levels used respectively by the
plurality of network nodes.

41. The method of claim 40, further comprising:

cooperatively transmitting downlink to the mobile terminal
from the two or more network nodes of the plurality of
network nodes in the one of the plurality of frequency
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bands allocated for cooperative downlink transmission
in which the mobile terminal has been scheduled.

42. The method of claim 40, wherein, for at least one of the
frequency bands, the plurality of predetermined frequency
band transmission power levels used respectively by the plu-
rality of network nodes for that frequency band are non-
identical.

43. The method of claim 40, wherein scheduling the mobile
terminal at two or more network nodes of the plurality of
network nodes for cooperative downlink transmission in one
of' the plurality of frequency bands comprises scheduling the
mobile terminal for cooperative downlink transmission at
each of the network nodes.

44. The method of claim 40, wherein in respect of the
plurality of frequency bands, the respective plurality of pre-
determined transmission power levels used respectively by
the plurality of network nodes are predetermined based on
optimization of a network performance parameter.

45. The method of claim 44, wherein optimization of a
network performance parameter comprises maximizing net-
work throughput.

46. The method of claim 40, wherein scheduling the mobile
terminal at two or more network nodes of the plurality of
network nodes comprises:

scheduling the mobile terminal at the two or more network

nodes on one of the plurality of frequency bands allo-
cated for cooperative downlink transmission having
regard to the channel state information and, for each of
the plurality of frequency bands, the respective plurality
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of predetermined frequency band transmission power
levels used respectively by the plurality of network
nodes.

47. The method of claim 40, further comprising:

for each frequency band of the plurality of frequency bands

allocated for cooperative downlink transmission, trans-
mitting to the mobile terminal an indication of the
respective plurality of predetermined frequency band
transmission power levels used respectively by the plu-
rality of network nodes for the respective frequency
band.

48. The method of claim 47, further comprising:

each network node of the plurality of network nodes

respectively transmitting, for each of the plurality of
frequency bands allocated for cooperative downlink
transmission, network node-specific reference symbols
at the respective predetermined frequency band trans-
mission power level used by the network node for the
respective frequency band.

49. The method of claim 48, wherein transmitting, for each
of the plurality of frequency bands allocated for cooperative
downlink transmission, a set of network node specific refer-
ence symbols comprises transmitting the network node-spe-
cific reference symbols commonly to each of a plurality of
mobile terminals inclusive of the previously recited mobile
terminal.

50. (canceled)

51. (canceled)



