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A method for downlink communication by
means of a downlink superimposed radio
signal, a base station and a user termi-

nal therefor

Field of the invention

The invention relates to a method for downlink communication
between a base station and a user terminal by means of a
downlink superimposed radio signal comprising downlink data for
the user terminal and for at least one further user terminal
that are transmitted using the same radio resources, and a base

station and a user terminal adapted to perform said method.
Background

Besides having significantly enhanced throughput, fourth gen-
eration (4G) cellular wireless access systems are expected to
be cost efficient and to provide sufficient performance even at
the cell edge. Using the so-called radial space-division multi-
ple access (RDMA), the system's spectral efficiency can be sig-
nificantly improved, and fairness among users without increas-
ing the number of antennas and without requiring fast backbone
communication and synchronization between base stations can be
provided. The basic idea is to increase the capacity of the
multi-user channel under fairness constraints by exploiting not
only the angular dimension of space, as in space-division mul-
tiple access (SDMA), but also the radial dimension by using si-
multaneous transmission of multiple signals over the same radio
resource and joint detection in the receiver. Significant
throughput gains are achieved with low complexity methods re-
quiring only long term channel statistics and no instantaneous

channel state information at the transmitter. These throughput
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gains can be achieved without requiring more advanced analogue

hardware or increasing bandwidth or transmit power.
Summary

To increase the spectrum efficiency, in radial space-division
multiple access (RDMA), more than one user terminal participate
in the scheduling on the same resource, as e.g. on the same
frequency, at the same time, as e.g. in the same subframe. As
an example, two radio signals with different power levels, a
low-power data stream and a high-power data stream, are super-
imposed and transmitted in the same frame resource, i.e. in the
same burst. For the RDMA scheme in downlink, the low-power data
stream usually is transmitted to the user terminal which is
closer to the base station due to the lower path loss, and the
high-power data stream usually is transmitted to the user ter-
minal which is farther from the base station due to the higher

path loss.

To decode its own point to point data stream located in the
burst, a user terminal gets all the required information, as
e.g. location of the burst, modulation and coding scheme and
redundancy version, in a downlink grant description, which is

individual for each user terminal.

The main problem of the method for downlink communication by
means of a downlink superimposed radio signal according to the
prior art is, that the low-power user terminal, i.e. the user
terminal which is closer to the base station, can not decode
its low-power data stream, as the high-power data stream is su-
perimposed on its low-power data stream using the same re-

source.

The object of the invention is thus to enable a user terminal
to decode its own data stream in case that another data stream
of another user terminal is superimposed using the same re-
source, so that a method for downlink communication by means of

a downlink superimposed radio signal can be performed.
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This object is achieved by a method for downlink communica-
tion between a base station and a user terminal by means of a
downlink superimposed radio signal comprising downlink data for
the user terminal and for at least one further user terminal
that are transmitted using the same radio resources, wherein
the downlink data for the user terminal are transmitted with
lower power than the downlink data for the at least one further
user terminal, control information is sent in downlink from the
base station to the user terminal that enables the user termi-
nal to decode the downlink data for the at least one further
user terminal, the user terminal successively reduces the su-
perimposed radio signal by decoding the downlink data for the
at least one further user terminal in the order of the downlink
transmission power starting with the highest one, reconstruct-
ing the radio signal of the downlink data for the at least one
further user terminal, and subtracting the radio signal of the
downlink data for the at least one further user terminal from
the superimposed radio signal, and the user terminal decodes
its own downlink data using the superimposed radio signal that
has been reduced by the radio signal for the at least one fur-

ther user terminal.

The object is furthermore achieved by a base station for
downlink communication with a user terminal by means of a
downlink superimposed radio signal comprising downlink data for
the user terminal and for at least one further user terminal
that are transmitted using the same radio resources, said base
station comprising at least one processing means adapted to
transmit the downlink data for the user terminal with lower
power than the downlink data for the at least one further user
terminal, and adapted to send control information in downlink
to the user terminal that enables the user terminal to decode

the downlink data for the at least one further user terminal.

The object is furthermore achieved by a user terminal for

downlink communication with a base station by means of a
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downlink superimposed radio signal comprising downlink data for
the user terminal and for at least one further user terminal
that are transmitted using the same radio resources, said user
terminal comprising at least one processing means adapted to
successively reduce the superimposed radio signal by decoding
the downlink data for the at least one further user terminal in
the order of the downlink transmission power starting with the
highest one, reconstructing the radio signal of the downlink
data for the at least one further user terminal, and subtract-
ing the radio signal of the downlink data for the at least one
further user terminal from the superimposed radio signal, and
adapted to decode its own downlink data using the superimposed
radio signal that has been reduced by the radio signal for the

at least one further user terminal.

In order to decode its low-power data stream, a low-power
user terminal, i.e. the user terminal which is closer to the
base station, has to receive and decode the high-power data
stream of the user terminal which is farther from the base sta-

tion too.

To be able to decode the superimposed high-power data stream
of the high-power user terminal, i.e. of the user terminal
which is farther from the base station, the low-power user ter-
minal needs additional information, as e.g. the modulation and
coding scheme and the redundancy version of the superimposed
high-power data stream. In methods according to the prior art,
no means are foreseen to provide said information of a foreign
burst, i.e. of the high-power data stream, to the low-power

user terminal.

One possibility for a base station to announce superimposed
data transmission is to generate grants in such a way, that
each grant for the low-power data stream is extended and com-
prises at least a pointer, as e.g. a respective cell-specific
radio network temporary identifier (C-RNTI), to the high-power

data stream. Additionally, an aggregation level range may be
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signaled for the search of the next downlink control informa-
tion (DCI) related to the high-power data stream, i.e. the ag-
gregation level range indicates, in which range the low-power
user terminal shall search for the corresponding high-power

grant.

The low-power user terminal always first searches for grants
dedicated to its own cell-specific radio network temporary
identifier (C-RNTI). If this grant is extended, i.e. it con-
tains a pointer related to the high-power user terminal, the
low-power user terminal searches for the corresponding grants
of the high-power user terminal and decodes them too. If an ag-
gregation level range is included in the grant, the low-power
user terminal searches for the next grant indicated by the
pointer related to the high-power user terminal only in the
specified aggregation level range. If the next grant is again
an extended grant, the low-power user terminal will repeat the
search for grants related to the additional pointer found in
the extended grant, until the last grant is found, that does

not contain any extended RDMA-related information anymore.

Besides the general ability to participate in the RDMA trans-
mission scheme, the change of the behavior of an RDMA capable
user terminal compared to the behavior of a legacy user termi-
nal for LTE release 8 is that the RDMA capable user terminal
has to listen to more than one downlink grant starting with
grants related to its own cell-specific radio network temporary
identifier (C-RNTI) and successively searching for additional
grants of higher-power user terminals. Then, the RDMA capable
user terminal subtracts each of the radio signals of the addi-
tional data streams from the overall received radio signal. The
data stream which is related to the cell-specific radio network
temporary identifier (C-RNTI) of the RDMA capable user terminal
is considered to be the own data stream of the RDMA capable
user terminal. The data stream of the RDMA capable user termi-

nal is obtained out of the remaining radio signal and is then
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transferred to the higher layers in the last step. In contrast,
the higher-power data streams are not transferred to the higher

layers.

A mixed operation of legacy user terminals and RDMA capable
user terminals is possible. A legacy user terminal can only be
operated without RDMA or as the high-power user terminal as de-
scribed above in an embodiment with a high-power data stream
and a low-power data stream which are superimposed. In embodi-
ments with more than two superimposed data streams, a legacy
user terminal can be related to the last DCI in a chain of

linked DCIs, i.e. it can be the highest-power user terminal.

Another possibility for a base station to announce superim-
posed data transmission is to generate grants in such a way,
that each grant for a low-power data stream is extended by all

information required to decode the high-power data stream too.

According to an embodiment of the invention, once the low-
power user terminal has the information to decode the low-power
data stream and the high-power data stream, the low-power user
terminal first decodes the high-power data stream, and then re-
constructs and subtracts the radio signal of the high-power
data stream from the superimposed radio signal. Afterwards, the
low-power data stream is extracted from the resulting radio
signal, which does not contain the high-power data stream any-

more.

In the current Third Generation Partnership Project Long Term
Evolution (3GPP LTE) release 8 system, no means are foreseen to
transmit the grant description of a point to point data stream
for a first user terminal to a second user terminal. Thus, ac-
cording to the embodiment of the invention, a solution to si-
multaneously and highly efficient transmit grant descriptions
of superimposed point to point data streams to all user termi-

nals involved in the RDMA transmission is provided.

The number of user terminals participating in an RDMA trans-
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mission on the same resources shall not be limited to two user
terminals. Thus, according to an embodiment of the invention,
the signaling is capable to address two or more user terminals

simultaneously.

The invention is described in the following within the frame-
work of 3GPP LTE. However, as the invention is not restricted
to 3GPP LTE, but can in principle be applied in other networks
that can exploit the radial dimension by using simultaneous
transmission of multiple signals over the same radio resource
and joint detection in the receiver, like e.g. in WiMAX net-
works (WiMAX = Worldwide Interoperability for Microwave Ac-
cess), in the following, instead of the term eNodeB, the more

general term base station is used.

Further developments of the invention can be gathered from

the dependent claims and the following description.
Brief description of the figures

In the following the invention will be explained further mak-

ing reference to the attached drawings.

Fig. 1 schematically shows a communication network in which

the invention can be implemented.

Fig. 2 schematically shows the structure of a user terminal

and a base station in which the invention can be implemented.

Fig. 3 schematically shows exemplarily the power density of

three superimposed data streams.

Fig. 4 schematically shows exemplarily the signalling of two

data streams using the same frequency resource.

Fig. 5 schematically shows an example of an extended format
of chain-like linked downlink control information according to

an embodiment of the invention.
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Fig. 6 schematically shows an example of an extended format
of chain-like linked downlink control information comprising

aggregation levels according to an embodiment of the invention.

Fig. 7 schematically shows an example of a coding format of
aggregation level ranges and downlink control information ac-

cording to an embodiment of the invention.

Fig. 8 schematically shows an example of an extended format
of chain-like linked downlink control information comprising
aggregation levels and an indication of the end of the chain

according to an embodiment of the invention.

Fig. 9 schematically shows an example of an extended format
of downlink control information comprising information needed
to decode a data stream of another user terminal according to

an embodiment of the invention.
Description of the embodiments

Fig. 1 shows as an example of a communication network in
which the invention can be implemented a communication network
CN according to the standard 3GPP LTE.

Said communication network CN comprises base stations BS1-
BS3, user terminals UEl-UE4, a serving gateway SGW, a packet

data network gateway PDNGW, and a mobility management entity
MME .

Each of said user terminals UE1-UE4 is connected via radio
connections to one or multiple of said base stations BS1-BS3,
which is symbolized by flashes in fig. 1. The base stations
BS1-BS3 are in turn connected to the serving gateway SGW and to
the mobility management entity MME, i.e. to the evolved packet

core (EPC), via the so-called S1 intexrface.

The base stations BS1-BS3 are connected among each other via

the so-called X2 interface.
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The serving gateway SGW is connected to the packet data net-
work gateway PDNGW, which is in turn connected to an external

IP network IPN.

The S1 interface is a standardized interface between a base
station BS1-BS3, i.e. a eNodeB in this example, and the Evolved
Packet Core (EPC). The S1 interface has two flavours, S1-MME
for exchange of signalling messages between the base station
BS1-BS3 and the mobility management entity MME and S1-U for the
transport of user datagrams between the base station BS1-BS3

and the serving gateway SGW.

The X2 interface is added in 3GPP LTE standard in order to
transfer the user plane signal and the control plane signal
during handover, and in order to perform coordinated multipoint
reception or transmission. For coordinated multipoint reception
in uplink, base stations BS1-BS3 in the coordination area or
group transfer the data which they received at their respective
air interface to a coordinating device, e.g. to a master base
station BS3 or to an external coordinated multipoint coordinat-
ing device which is not shown in fig. 1, preferably via the so-
called X2 interface, i.e. wvia the backhaul, for evaluation of

the data from the different base stations BS1-BS3.

The serving gateway SGW performs routing of the IP user data
between the base station BS1-BS3 and the packet data network
gateway PDNGW. Furthermore, the serving gateway SGW serves as a
mobile anchor point during handover either between different

base stations, or between different 3GPP access networks.

The packet data network gateway PDNGW represents the inter-
face to the external IP network IPN and terminates the so-
called EPS bearer (EPS = Evolved Packet System) which is estab-
lished between a user terminal (UE1l-UE4) and the respective

serving base station (BS1-BS3).

The mobility management entity MME performs tasks of the sub-

scriber management and the session management, and also per-
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forms the mobility management during handover between different

access networks.

Fig. 2 schematically shows the structure of a user terminal
and a base station BS in which the invention can be imple-

mented.

The base station BS comprises by way of example three modem
unit boards MU1l-MU3 and a control unit board CU1l, which in turn

comprises a media dependent adapter MDA.

The three modem unit boards MU1-MU3 are connected to the con-
trol unit board CUl, and the control unit board CUl is in turn
connected to a remote radio head RRH via a sgso-called Common

Public Radio Interface (CPRI).

The remote radio head RRH is connected by way of example to
two remote radio head antennas RRHA1l and RRHA2 for transmission

and reception of data via a radio interface.

The media dependent adapter MDA is connected to the mobility
management entity MME and to the serving gateway SGW and thus
to the packet data network gateway PDNGW, which is in turn con-

nected to the external IP network IPN.

The user terminal UE comprises by way of example two user
terminal antennas UEAl and UEA2, a mocdem unit board MU4, a con-

trol unit board CU2, and interfaces INT.

The two user terminal antennas UEAl and UEA2 are connected to
the modem unit board MU4. The modem unit board MU4 is connected
to the control unit board CU2, which is in turn connected to

interfaces INT.

The modem unit boards MUl-MU4 and the control unit boards
CUl, CU2 may comprise by way of example Field Programmable Gate
Arrays (FPGA), Digital Signal Processors (DSP), switches and
memories, like e.g. Double Data Rate Synchronous Dynamic Random

Access Memories (DDR-SDRAM) in order to be enabled to perform
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the tasks described above.

The remote radio head RRH comprises the so-called radio
equipment, e.g. modulators and amplifiers, like delta-sigma

modulators (DSM) and switch mode amplifiers.

In downlink, IP data received from the external IP network
IPN are transmitted from the packet data network gateway PDNGW
via the serving gateway SGW to the media dependent adapter MDA
of the base station BS on an EPS bearer. The media dependent
adapter MDA allows for a connectivity of different media like

e.g. video streaming or web browsing.

The control unit board CUl performs tasks on layer 3, i.e. on
the radio resource control (RRC) layer, such as measurements

and cell reselection, handover and RRC security and integrity.

Furthermore, the control unit board CUl performs tasks for
Operation and Maintenance, and controls the S1 interfaces, the

X2 interfaces, and the Common Public Radio Interface.

The control unit board CUl sends the IP data received from
the serving gateway SGW to a modem unit board MU1-MU3 for fur-

ther processing.

The three modem unit boards MU1-MU3 perform data processing
on layer 2, i.e. on the PDCP layer (PDCP = Packet Data Conver-
gence Protocol) which is e.g. responsible for header compres-
sion and ciphering, on the RLC layer (RLC = Radio Link Control)
which is e.g. responsible for segmentation and Automatic Repeat
Request (ARQ), and on the MAC layer (MAC = Media Access Con-
trol) which is responsible for MAC multiplexing and Hybrid Re-
peat Request (HARQ).

Furthermore, the three modem unit boards MU1l-MU3 perform data
processing on the physical layer, i.e. coding, modulation, and

antenna and resource-block mapping.

The coded and modulated data are mapped to antennas and re-
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source blocks and are sent as transmission symbols from the mo-
dem unit board MU1l-MU3 via the control unit board CU over the
Common Public Radio Interface to the remote radio head and the
respective remote radio head antenna RRHA1l, RRHA2 for transmis-

sion over an air interface.

The Cémmon Public Radio Interface (CPRI) allows the use of a
distributed architecture where base stations BS, containing the
so-called radio equipment control, are connected to remote ra-
dio heads RRH preferably via lossless fibre links that carry
the CPRI data. This architecture reduces costs for service pro-
viders because only the remote radio heads RRH containing the
so-called radio equipment, like e.g. amplifiers, need to be
situated in environmentally challenging locations. The base
stations BS can be centrally located in less challenging loca-
tions where footprint, climate, and availability of power are

more easily managed.

The user terminal antennas UEl, UE2 receive the transmission
symbols, and provide the received data to the modem unit board
MU4 .

The modem unit board MU4 performs data processing on the
physical layer, i.e. antenna and resource-block demapping, de-

modulation and decoding.

Furthermore, the modem unit board MU4 performs data process-
ing on layer 2, i.e. on the on the MAC layer (MAC = Media Ac-
cess Control) which is responsible and Hybrid Repeat Request
(HARQ) and for MAC demultiplexing, on the RLC layer (RLC = Ra-
dio Link Control) which is e.g. responsible for reassembly and
Automatic Repeat Request (ARQ), and on the PDCP layer (PDCP =
Packet Data Convergence Protocol) which is e.g. responsible for

deciphering and header compression.

The processing on the modem unit board MU4 results in IP data
which are sent to the control unit board CU2, which performs

tasks on layer 3, i.e. on the radio resource control (RRC)
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layer, such as measurements and cell reselection, handover and

RRC security and integrity.

The IP data are transmitted from the control unit board CU2
to respective interfaces INT for output and interaction with a

user.

In the uplink, data transmission is performed in an analogue
way in the reverse direction from the user terminal UE to the

external IP network IPN.

Fig. 3 schematically shows exemplarily the power density of
three superimposed downlink data streams HP, ImP, LP dependent
on the distance from the base station BS. The power density of
the downlink data streams HP, ImP, LP decreases with increasing

distance from the base station.

The downlink data stream LP with the lowest power density be-
longs to the user terminal LP-UE which has the smallest dis-

tance to the base station BS.

The downlink data stream ImP with the intermediate power den-
sity belongs to the user terminal ImP-UE which has the interme-

diate distance to the base station BS.

The downlink data stream HP with the highest power density
belongs to the user terminal HP-UE which has the largest dis-

tance to the base station BS.

In order to decode its low-power data stream LP, the user
terminal LP-UE also has to decode the high-power data stream HP
of the user terminal HP-UE, and the intermediate-power data
stream ImP of the user terminal ImP-UE, as the three data
streams HP, ImP, LP are transmitted using the same resource
blocks. Thus, the user terminal LP-UE needs additional informa-
tion to be enabled to decode the data streams HP and ImP which
it gets according to an embodiment of the invention as de-

scribed in the following.
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In fig. 4, the time-frequency resources used for downlink
transmission are depicted. Fig. 4 schematically shows exempla-
rily the signalling of two data streams, a high-power data
stream of a high-power user terminal HP-UE and a low-power data
stream of a low-power user terminal LP-UE using the same fre-
quency resources, i.e. the same resource blocks in the same

burst.

The time-frequency resources of the so-called control region,
which is indicated by a striped area in the time-frequency
grid, are used to build so-called physical downlink control
channels (PDCCH). So-called resource elements within the con-
trol region are used as so-called control channel elements to

build the physical downlink control channels (PDCCH) .

A physical downlink control channel carries downlink control
information (DCI), which includes downlink grants, i.e.
downlink scheduling assignments comprising resource indications
of the physical downlink shared channel (PDSCH), indications of
the used transport formats and information about the used hy-

brid automatic repeat request (HARQ).

In fig. 4, the downlink control information DCI_HP-UE for the
high-power user terminal HP-UE, and the downlink control infor-
mation DCI_LP-UE for the low-power user terminal LP-UE indicate
that the same time-frequency resources are used in a subframe,

i.e. in a burst, for data transmission.

To be able to decode the high-power data stream, the low-
power user terminal LP-UE needs information about the high-
power data stream, as e.g. the related cell-specific radio net-
work temporary identifier (C-RNTI), the used modulation and
coding scheme (MCS), and the used redundancy version (RV) in
addition to the announcement of information required for decod-
ing of its own low-power data stream. The cell-specific radio
network temporary identifier (C-RNTI) is an identity used for

signaling purposes between the user terminal and the network.
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The modulation and coding scheme (MCS) indicates which modula-
tion scheme, as e.g. QAM (QAM = quadrature amplitude modula-
tion) or QPSK (QPSK = quadrature phase shift keying), in combi-
nation with which coding rate is used. As not all the bits that
are generated by the coding scheme must be sent, the redundancy

version indicates, which of the coded bits are really sent.

According to an embodiment of the invention, information
about the high-power data stream are provided to the low-power
user terminal LP-UE by means of extending the LTE release 8 DCI
formats. Such extended DCI formats are generated by extending
the LTE release 8 DCI formats by the cell-specific radio net-
work temporary identifier C-RNTI of the high-power user termi-
nal HP-UE.

Fig. 5 schematically shows an example of an extended format
of chain-like linked downlink control information according to

an embodiment of the invention.

In order to be able to decode the high-power data stream of
the high-power user terminal HP-UE, the low-power user terminal
LP-UE is configured, e.g. by a serving base station, to search
in the received downlink data for extended DCI formats related
to its cell-specific radio network temporary identifier
C_RNTI_LP-UE. Once the low-power user terminal LP-UE has found
an extended DCI format related to its cell-specific radio net-
work temporary identifier C RNTI LP-UE, the low-power user ter-
minal LP-UE decodes the extended DCI.

In the decoded extended DCI, as shown in the upper part of
figure 5, there is both a DCI of the low-power user terminal
DCI_LP-UE, and, according to an embodiment of the invention, a
cell-specific radio network temporary identifier for the high-

power user terminal C-RNTI_ HP-UE.

The low-power user terminal LP-UE searches in the received
downlink data for a legacy DCI of the high-power user terminal

DCI_HP-UE related to the cell-specific radio network temporary
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identifier C-RNTI_ HP-UE.

The low-power user terminal LP-UE decodes the legacy DCI of
the high-power user terminal HP-UE. In said legacy DCI of the
high-power user terminal DCI_HP-UE, the low-power user terminal
LP-UE finds all the information needed to decode the high-power

data stream.

Then, the low-power user terminal LP-UE is able to first de-
code the high-power data stream, reconstruct the radio signal
of the high-power data stream, subtract the radio signal of the
high-power data stream from the superimposed radio signal com-
prising the radio signal of the high-power data stream and the
radio signal of the low-power data stream, and then decode the
low-power data stream using the superimposed radio signal that
has been reduced by the radio signal of the high-power data

stream.

The high-power user terminal HP-UE on the contrary only
searches in the received downlink data for the legacy DCI of
the high-power user terminal DCI_HP-UE related to its cell-
specific radio network temporary identifier C RNTI HP-UE, in
which the high-power user terminal HP-UE finds all the informa-

tion needed to decode the high-power data stream.

According to an embodiment of the invention, if the low-power
user terminal LP-UE is configured to search in the received
downlink data for an extended DCI format, but in a subframe no
high-power data stream can be found which can be superimposed
on the same resources with a low-power data stream transmitted
to the low-power user terminal LP-UE, then this is indicated by
setting the cell-specific radio network temporary identifier

C_ RNTI to 0 as shown in the lower part of figure 5.

In the embodiments described in figures 4 and 5, two radio
signals related to two user terminals LP-UE and HP-UE are su-
perimposed, but in principle n radio signals can be superim-

posed when the cell-specific radio network temporary identifier
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C_RNTI_HP-UE in the extended DCI format points to another ex-
tended DCI format of another user terminal. Thus a chain of ex-
tended DCI formats can be generated related to bursts which all

are superimposed.

Figure 6 schematically shows an example of an extended format
of chain-like linked downlink control information comprising
aggregation levels according to an embodiment of the invention.
Three data streams to a low-power user terminal LP-UE, an in-
termediate-power user terminal ImP-UE, and a high-power user
terminal HP-UE are superimposed. However, in general n data

streams can be superimposed.

In order to be able to decode its data stream, the low-power
user terminal LP-UE also has to decode the intermediate-power
data stream and the high-power data stream and therefore needs
additional information which it gets by the procedure described

in the following.

In order to be able to decode the intermediate-power data
stream of the intermediate-power user terminal ImP-UE, and the
high-power data stream of the high-power user terminal HP-UE,
the low-power user terminal LP-UE is configured, e.g. by a
serving base station, to search in the received downlink data
for extended DCI formats related to its cell-specific radio
network temporary identifier C RNTI LP-UE on all aggregation
levels. Once the low-power user terminal LP-UE has found an ex-
tended DCI format related to its cell-specific radio network
temporary identifier C_RNTI LP-UE, the low-power user terminal
LP-UE decodes the extended DCI.

In the decoded extended DCI, as shown in figure 6, there is
both a DCI of the low-power user terminal DCI LP-UE, and, ac-
cording to the embodiment of the invention, a cell-specific ra-
dio network temporary identifier for the intermediate-power
user terminal C-RNTI_ImP-UE. Furthermore, the extended DCI for-

mat also comprises a value AL indicating an aggregation level
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of the DCI of the intermediate-power user terminal ImP-UE which
reduces the processing effort for the low-power user terminal
LP-UE when searching the DCI for the intermediate-power user

terminal ImP-UE.

An example of a possible coding of the aggregation level is
depicted in fig. 7 and will be described below. In the example
depicted in fig. 6, the aggregation level of the DCI of the in-
termediate-power user terminal ImP-UE has been coded as AL=01,
which means that the DCI of the intermediate-power user termi-
nal ImP-UE has to be searched on an aggregation level =< 2 only.
In addition the value AL=01 also indicates the DCI format of
the intermediate-power user terminal ImP-UE, which in the exam-

ple also is an extended DCI format.

The low-power user terminal LP-UE therefore searches in the
received downlink data for an extended DCI format of the inter-
mediate-power user terminal related to the cell-specific radio
network temporary identifier C_RNTI_ImP-UE. Once the low-power
user terminal LP-UE has found an extended DCI format related to
the cell-specific radio network temporary identifier
C_RNTI_ImP-UE, the low-power user terminal LP-UE decodes the
extended DCI.

In the decoded extended DCI, as shown in figure 6, there is
both a DCI of the intermediate-power user terminal DCI_ ImP-UE,
in which the low-power user terminal LP-UE finds all the infor-
mation needed to decode the intermediate-power data stream,
and, according to an embodiment of the invention, a cell-
specific radio network temporary identifier for the high-power
user terminal C-RNTI_HP-UE. Furthermore, the extended DCI for-
mat also comprises a value AL indicating an aggregation level
of the DCI of the high-power user terminal HP-UE which reduces
the processing effort for the low-power user terminal LP-UE

when searching the DCI for the high-power user terminal HP-UE.

In the example depicted in fig. 6, the aggregation level of
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the DCI of the high-power user terminal HP-UE has been coded as
AL=11, which means that the DCI of the high-power user terminal
HP-UE has to be searched on an aggregation level = 4 only. In
addition the wvalue AL=11 also indicates the DCI format of the
high-power user terminal HP-UE, which in the example is a leg-

acy DCI format.

The low-power user terminal LP-UE searches in the received
downlink data for a legacy DCI of the high-power user terminal
DCI_HP-UE related to the cell-specific radio network temporary
identifier C-RNTI_HP-UE.

The low-power user terminal LP-UE decodes the legacy DCI of
the high-power user terminal HP-UE. In said legacy DCI of the
high-power user terminal DCI_HP-UE, the low-power user terminal
LP-UE finds all the information needed to decode the high-power

data stream.

Then, the low-power user terminal LP-UE decodes in a first
step the high-power data stream, reconstructs the radio signal
of the high-power data stream and subtracts the radio signal of
the high-power data stream from the superimposed radio signal
comprising the radio signal of the high-power data stream, the
radio signal of the intermediate-power data stream, and the ra-

dio signal of the low-power data stream.

In a second step, the low-power user terminal LP-UE decodes
the intermediate-power data stream using the superimposed radio
signal that has been reduced by the radio signal of the high-
power data stream, reconstructs the radio signal of the inter-
mediate-power data stream and subtracts the radio signal of the
intermediate-power data stream from the superimposed radio sig-
nal comprising the radio signal of the intermediate-power data

stream and the radio signal of the low-power data stream.

In a third step, the low-power user terminal LP-UE decodes
the low-power data stream using the superimposed radio signal

that has been reduced by the radio signal of the high-power



10

15

20

25

30

WO 2011/069778 20 PCT/EP2010/067429

data stream and the radio signal of the intermediate-power data

stream.

In this embodiment, in order to be able to decode the high-
power data stream of the high-power user terminal HP-UE, the
intermediate-power user terminal ImP-UE is configured, e.g. by
a serving base station, to search in the received downlink data
for extended DCI formats related to its cell-specific radio

network temporary identifier C_RNTI_ ImP-UE.

The intermediate-power user terminal ImP-UE has to search the
extended DCI format related to its cell-specific radio network
temporary identifier C_RNTI ImP-UE on all aggregation levels to
be able to decode its intermediate-power data stream, and has
to search the legacy DCI format for the cell-specific radio
network temporary identifier C RNTI _HP-UE on aggregation level

> 4 only to be able to decode the high-power data stream.

As the high-power user terminal HP-UE got no other order from
the base station, it only searches on all aggregation levels
for a legacy DCI format related to its cell-specific radio net-
work temporary identifier C RNTI HP-UE, in which it finds all

the information it needs to decode the high-power data stream.

Fig. 7 schematically shows an example of a coding format of
aggregation level ranges and downlink control information ac-

cording to an embodiment of the invention.

As described above, in an embodiment of the invention, the
extended DCI format also comprises a value AL indicating an ag-
gregation level or aggregation level range of the DCI of a user
terminal which is linked by the extended DCI format leading to
a reduced processing effort for searching DCIs of other user

terminals.

In principle, there are four different amounts of resources
defined for the grants, which are the so-called aggregation

levels 1, 2, 4 and 8 with a number of 1, 2, 4 and 8 control
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channel elements respectively. A grant for a transmission to or
from a user terminal experiencing very good radio conditions,
i.e. the best case, will thus consume only one control channel
element, while a grant for a transmission to or from a user
terminal experiencing very bad radio conditions, i.e. worst

case, will consume eight control channel elements.

In the table which is depicted in fig. 7, the value AL indi-
cating the aggregation level search space and the format of the
linked DCI, i.e. legacy DCI format or extended DCI format, is
coded by two bits.

The value AL=00 indicates, that the aggregation level is = 2
and that the linked DCI is a legacy DCI.

The value AL=01 indicates, that the aggregation level is < 2
and that the linked DCI is an RDMA DCI, i.e. an extended DCI.

The value AL=10 indicates, that the aggregation level is = 4
and that the linked DCI is an RDMA DCI, i.e. an extended DCI.

The value AL=11 indicates, that the aggregation level is = 4
and that the linked DCI is a legacy DCI.

Fig. 8 schematically shows in the upper part an example of an
extended format of chain-like linked downlink control informa-
tion comprising aggregation levels and an indication of the end
of the chain according to an embodiment of the invention. Two
data streams to a low-power user terminal LP-UE and to a high-

power user terminal HP-UE are superimposed.

In order to be able to decode its data stream, the low-power
user terminal LP-UE also has to decode the high-power data
stream and therefore needs additional information which it gets

by the procedure described in the following.

In order to be able to decode the high-power data stream of
the high-power user terminal HP-UE, the low-power user terminal

LP-UE is configured, e.g. by a serving base station, to search
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in the received downlink data for extended DCI formats related

to its cell-sgspecific radio network temporary identifier

C_ RNTI LP-UE on all aggregation levels. Once the low-power user
terminal LP-UE has found an extended DCI format related to its

cell-specific radio network temporary identifier C_RNTI_LP-UE,

the low-power user terminal LP-UE decodes the extended DCI.

In the decoded extended DCI, as shown in figure 8, there is
both a DCI of the low-power user terminal DCI_LP-UE, and, ac-
cording to the embodiment of the invention, a cell-specific ra-
dio network temporary identifier for the high-power user termi-
nal C-RNTI_HP-UE. Furthermore, the extended DCI format also
comprises a value AL indicating an aggregation level of the DCI
of the high-power user terminal HP-UE which reduces the proc-
essing effort for the low-power user terminal LP-UE when

searching the DCI for the high-power user terminal HP-UE.

An example of a possible coding of the aggregation level is
depicted in fig. 7 and is described above. In the example de-
picted in fig. 8, the aggregation level of the DCI of the high-
power user terminal HP-UE has been coded as AL=01, which means
that the DCI of the high-power user terminal HP-UE has to be
searched on an aggregation level = 2 only. In addition the
value AL=01 also indicates the DCI format of the high-power
user terminal HP-UE, which in the example also is an extended
DCI format.

The low-power user terminal LP-UE therefore searches in the
received downlink data for an extended DCI format of the high-
power user terminal related to the cell-specific radio network
temporary identifier C_RNTI HP-UE. Once the low-power user ter-
minal LP-UE has found an extended DCI format related to the
cell-specific radio network temporary identifier C RNTI HP-UE,

the low-power user terminal LP-UE decodes the extended DCI.

In the decoded extended DCI, as shown in figure 8, there is

both a DCI of the high-power user terminal DCI_HP-UE, in which
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the low-power user terminal LP-UE finds all the information
needed to decode the high-power data stream, and, according to
the embodiment of the invention, a cell-specific radio network
temporary identifier C-RNTI which is 0 in order to indicate,
that the end of the chain is reached, i.e. that no further DCI

follows.

Furthermore, the extended DCI format also comprises a value
AL which will not be evaluated in this case, as no further DCI

is linked.

It is also possible that the DCI chain consists of one ex-
tended DCI only as indicated by setting in the extended DCI
format related to the cell-gpecific radio network temporary
identifier C_RNTI_LP-UE of the low-power user terminal LP-UE
the cell-specific radio network temporary identifier C_RNTI to

0 as shown in the lower part figure 8.

Thus, there are in principle two possibilities to indicate
the end of the chains of DCIs. Either, as indicated in fig. 6,
the value for the aggregation level AL indicates, that a legacy
DCI follows and thus, the end of the chains of DCIs is reached,
or, as indicated in fig. 8, the cell-gpecific radio network
temporary identifier C-RNTI in the extended RDMA DCI format be-

comes O.

According to another embodiment of the invention, extended
DCI formats, i.e. RDMA capable DCI formats, are generated by
extending the LTE release 8 DCI formats by the cell-specific
radio network temporary identifier (C-RNTI), the modulation and
coding scheme (MCS), and the redundancy version (RV), which are
describing the data stream of the high-power user terminal HP-

UE.

Fig. 9 schematically shows such an example of an extended
format of downlink control information comprising information
needed to decode a data stream of another user terminal accord-

ing to an embodiment of the invention.
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The low-power user terminal LP-UE searches in the received
downlink data for extended DCI formats related to its cell-
specific radio network temporary identifier C_RNTI_LP-UE on all
aggregation levels. Once the low-power user terminal LP-UE has
found an extended DCI format related to its cell-specific radio
network temporary identifier C RNTI LP-UE, the low-power user

terminal LP-UE decodes the extended DCI.

In the decoded extended DCI, as shown in the upper part of
figure 9, there is both a DCI of the low-power user terminal
DCI_LP-UE, and, according to the embodiment of the invention, a
cell-specific radio network temporary identifier C-RNTI_ HP-UE,
a modulation and coding scheme MCS HP-UE, and a redundancy ver-
sion RV_HP-UE for the high-power user terminal HP-UE, Thus, the
low-power user terminal LP-UE has now all the information re-
quired to decode both, the high-power data stream and the low-

power data stream as described above in fig. 5.

The high-power user terminal HP-UE also has to search and de-
code its own DCI only, which is a legacy DCI, as depicted in

the lower part of fig. 9.

In this embodiment of the invention, only the radio signals

for two user terminals can be superimposed.

In principle, a base station can decide which user terminals
can be scheduled as low-power user terminals e.g. due to their
capabilities to decode downlink data from other user terminals
and based on path losses. Thus, RDMA capable user terminals can
be scheduled as low-power or high-power user terminals, and
legacy user terminals can be scheduled as potential high-power

user terminals.

The base station may inform the respective low-power user
terminals, e.g. via control channels, to decode the DCIs as ex-
tended DCIs, i.e. RDMA DCIs, only from now on. Thus, the base
station may configure RDMA capable user terminals as low-power

user terminals e.g. via control channels. As the path loss of
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the user terminals can vary during operation, the sorting
mechanism can be performed regularly and changes can be sig-

naled to the affected user terminals by the base station.

As an alternative, an RDMA capable user terminal can first
try to find related legacy DCIs, and if such legacy DCIs can
not be found, it then searches for related extended DCIs. In
other words, an RDMA capable user terminal can perform a kind
of blind decoding in order to find either legacy DCIs or ex-
tended DCIs, so that it must not be explicitly instructed by a

base station to search for extended DCIs.

During scheduling, the base station, e.g. for each subframe,
forms pairs, or groups of user terminals whose radio signals
can be superimposed. As the user terminals can be informed
about the results by the extended DCI formats, the user termi-
nals whose radio signals can be superimposed can vary from sub-
frame to subframe, i.e. the scheduler has full flexibility in
defining pairs or groups of user terminals whose radio signals
are superimposed on a per TTI basis (TTI = transmission time

interval).

Several of such pairs or groups of user terminals whose radio
signals are superimposed can be defined per subframe to ensure
that as much as possible of the available resources can be used

by applying RDMA transmission schemes.

Generally, the extended DCI formats can be signaled via the
physical downlink control channel, as e.g. the PDCCH in LTE,

from the base station to the user terminals.
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Claims

A method for downlink communication between a base sta-
tion (BS) and a user terminal (LP-UE) by means of a
downlink superimposed radio signal comprising downlink
data for the user terminal (LP-UE) and for at least one
further user terminal (ImP-UE, HP-UE) that are transmitted

using the same radio resources, wherein

e the downlink data for the user terminal (LP-UE) are
transmitted with lower power than the downlink data for

the at least one further user terminal (ImP-UE, HP-UE),

e control information is sent in downlink from the base
station (BS) to the user terminal (LP-UE) that enables
the user terminal (LP-UE) to decode the downlink data for
the at least one further user terminal (ImP-UE, HP-UE),

e the user terminal (LP-UE) successively reduces the su-
perimposed radio signal by decoding the downlink data for
the at least one further user terminal (ImP-UE, HP-UE) in
the order of the downlink transmission power starting
with the highest one, reconstructing a radio signal of
the downlink data for the at least one further user ter-
minal (ImP-UE, HP-UE), and subtracting the radio signal
of the downlink data for the at least one further user
terminal (ImP-UE, HP-UE) from the superimposed radio sig-

nal,

e and the user terminal (LP-UE) decodes its own downlink
data using the superimposed radio signal that has been

reduced by the radio signal for the at least one further
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user terminal (ImP-UE, HP-UE).

A method according to claim 1, characterized in, that
control information for the user terminal (LP-UE) and the
at least one further user terminal (ImP-UE, HP-UE} are
chain-like linked by a pointer in the control information
for the user terminal (LP-UE) pointing to the control in-

formation for ancther user terminal.

A method according to claim 2, characterized in, that the
control information for the user terminal (LP-UE) com-
prises an aggregation level range (AL) of the control in-

formation for the other user terminal.

A method according to claim 2, characterized in, that a
dedicated value of a pointer in a control information for
a user terminal indicates that no further downlink data
for a further user terminal (ImP-UE, HP-UE) are comprised

in the downlink superimposed radio signal.

A method according to claim 1, characterized in, that
control information for the user terminal (LP-UE) com-
prises control information of the at least one further
user terminal (ImP-UE, HP-UE) that enables the user termi-
nal (LP-UE) to decode the downlink data for the at least

one further user terminal (ImP-UE, HP-UE).

A method according to claim 1, characterized in, that the
base station (BS) repeatedly determines based on path
losses and capabilities to decode downlink data from other
user terminals the user terminal (LP-UE) and the at least
one further user terminal (ImP-UE, HP-UE) to which
downlink data are transmitted on the same radio resources

resulting in the superimposed radio signal.

A method according to claim 6, characterized in, that the
user terminal (LP-UE) and the at least one further user

terminal (ImP-UE, HP-UE) to which downlink data are trans-
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11.

28

mitted on the same radio resources are determined for a

time span of at least one subframe.

A method according to claim 1, characterized in, that the
control information is sent in downlink from the base sta-
tion (BS) to the user terminal (LP-UE) wvia at least one

physical downlink control channel.

A method according to claim 1, characterized in, that the
user terminal (LP-UE) is enabled to perform radial space-

division multiple access.

A base station (BS) for downlink communication with a
user terminal (LP-UE) by means of a downlink superimposed
radio signal comprising downlink data for the user termi-
nal (LP-UE) and for at least one further user terminal
(ImP-UE, HP-UE) that are transmitted using the same radio
resources, said base station (BS) comprising at least one

processing means adapted to

e transmit the downlink data for the user terminal (LP-
UE) with lower power than the downlink data for the at

least one further user terminal (ImP-UE, HP-UE),

e and send control information in downlink to the user
terminal (LP-UE) that enables the user terminal (LP-UE)
to decode the downlink data for the at least one further

user terminal (ImP-UE, HP-UE).

A user terminal (LP-UE) for downlink communication with
a base station (BS) by means of a downlink superimposed
radio signal comprising downlink data for the user termi-
nal (LP-UE) and for at least one further user terminal
(ImP-UE, HP-UE) that are transmitted using the same radio
resources, said user terminal (LP-UE) comprising at least

one processing means adapted to

e successively reduce the superimposed radio signal by
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decoding the downlink data for the at least one further
user terminal (ImP-UE, HP-UE) in the order of the
downlink transmission power starting with the highest
one, reconstructing a radio signal of the downlink data
5 for the at least one further user terminal (ImP-UE, HP-
UE), and subtracting the radio signal of the downlink
data for the at least one further user terminal (ImP-UE,

HP-UE) from the superimposed radio signal,

e and decode its own downlink data using the superimposed
10 radio signal that has been reduced by the radio signal
for the at least one further user terminal (ImP-UE, HP-

UE) .

12. A communication network (CN) comprising at least one
base station (BS) according to c¢laim 10 and at least one

15 user terminal (LP-UE) according to claim 11.
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BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-4, 8, 10-12

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-4, 8, 10-12

To chain-like link the control information of the user
terminal and the at least one further user terminal using a
pointer.

2. claim: 5

To include the control information of the at Teast one
further user terminal into the control information of the
user terminal.

3. claims: 6, 7

The base station repeatedly determines based on path losses
and capabilities to decode downlink data from other user
terminals, the user terminal and the at Teast one further
user terminal that share the same radio resources.

4, claim: 9

The user terminal is enabled to perform radial space
division multiple access.
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