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(57) Abstract: A method and a device for data processing in a communication network are provided, wherein a mobile terminal
receives several input signals from at least one base station; and wherein the mobile terminal processes said several input signals

into a feedback information that is conveyed to at least one base station.
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Description

Method and device for data processing in a communication net-

work

The invention relates to a method and to a device for data

processing in a communication network.

Multiple antenna systems allow for an active exploitation of
the spatial degrees of freedom in order to increase the spec-
tral efficiency and to boost throughput in wireless communi-

cation systems.

Furthermore, spatial separation of simultaneously transmitted
data streams can be performed either at the transmit or at

the receive side depending on the available channel state in-
formation (CSI) and the capabilities of joint signal process-

ing.

MIMO signal processing on link level utilizes spatial multi-
plexing or space-division multiple access (SDMA) according to
IEEE 802.11n, WiMAX and 3G Long Term Evolution (3G-LTE).

If MIMO capable systems connecting a base station and several
mobile terminals are deployed in a cellular environment, in-
terference between cells using the same radio resources be-
comes a limiting factor. The concept of MIMO signal separa-
tion can be applied for active interference management. How-
ever, any suppression of interference from adjacent cells is
a key issue in cellular mobile communication systems. Hence,
if multiple base stations collaborate, the MIMO concept has
to be extended to a higher number of antennas involved in the
joint signal processing thereby increasing a computational
complexity and inflicting challenges regarding distributed
channel data collection and coherent signal transmission or
reception at antenna locations which may be deployed at a

distance of more than 1000 meters.
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Methods for collecting CSI from distributed mobile terminals
(MTs) usually depend on a transceiver design and on a selec-

tion of algorithms.

The problem to be solved is to overcome the disadvantages as
mentioned above and in particular to introduce a mechanism
that allows for an efficient utilization of feedback informa-

tion, in particular CSI data, provided by mobile terminals.

This problem is solved according to the features of the inde-
pendent claims. Further embodiments result from the depending

claims.

In order to overcome this problem, a method for data process-
ing in a communication network is provided,
— wherein a mobile terminal receives several input sig-
nals from at least one base station; and
— wherein the mobile terminal processes said several
input signals into a feedback information that is

conveyed to at least one base station.

Hence, said feedback information is a combined (in particular
compressed) and therefore reduced information thereby leading
to a significant reduction of signaling traffic between the

mobile terminal and the at least one base station.

The feedback information provided by the mobile terminal can
be used for interference management, in particular for reduc-
ing an interference of a collaboration area utilizing joint

transmission.

The approach is in particular applicable for several mobile
terminals, wherein each mobile terminal may comprise one an-

tenna or several antennas.

It is also an option that the mobile terminal processes feed-
back information to several base stations, e.g., to two base

stations thereby allowing the mobile terminal to maintain two
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active connections and/or two channels with different base
stations. This, however, applies in general for several con-

nections and/or channels.

It is noted that the mobile terminal referred to may be any
mobile device with a radio interface, in particular any mo-
bile phone, UE, personal digital assistant, computer or proc-

essing unit.

The base station referred to may be any radio station ar-
ranged to serve a mobile terminal. The base station may be a
NodeB an eNodeB or any access point with a radio interface

that can be utilized by the mobile terminal.

The base stations may be connected with one another, e.g.,

via an X2 interface.

In an embodiment, said feedback information comprises channel

state information (CSI).

In another embodiment, the mobile terminal comprises several
antennas, utilizing at least one antenna for interference

suppression purposes.

For example, beamforming can be utilized via said several an-
tennas of the mobile terminal thereby amplifying the signal

and reducing any interference.

In a further embodiment, the feedback information is conveyed

to the mobile terminal's serving base station.

In case the mobile terminal has several serving base sta-
tions, the feedback information can be provided to each of

its serving base stations.

In a next embodiment, the base station distributes the feed-
back information to at least one further base station and/or

to a central unit, wherein the base station and the at least
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one further base station and/or the central unit aware of the
feedback information perform a joint processing, in particu-

lar a pre-coder calculation.

Hence, the several base stations performing a joint pre-coder
calculation may establish a collaboration area. Such collabo-
ration area can be determined based on the feedback informa-
tion provided by the mobile terminal (or based on feedback
information provided by several mobile terminals). The amount
of feedback information fed to the base stations of a col-
laboration area is significantly reduced due to the process-
ing (e.g., combining) suggested by this approach. Hence,
based on the feedback information the base stations of the
collaboration area may provide efficient interference proc-
essing, e.g., zero forcing or any other type of channel or-
thogonalization, allowing an improved data processing within
the collaboration area at a reduced amount of signaling over-

head due to the processed feedback information.

It is also an embodiment that the feedback information com-
prises at least one of the following:
— a virtual pre-coding conducted by the mobile termi-
nal;

— at least one effective radio channel.

The mobile terminal based on the input signal may conduct a
virtual pre-coding and provide such feedback information to
it serving base station. The serving base station then be-
comes aware of an actual pre-coding that would be beneficial
for this particular mobile terminal. Hence, the pre-coding
provided by the base station can be triggered by the mobile
terminal. Also, the base station may consider several such
virtual pre-coding suggestions by several mobile terminals to

provide a beneficial overall pre-coding.

The at least one base station may have or provide a set of
pre-coder (codebook) and the mobile terminal may conduct vir-

tual pre-coding based on such codebook information. Hence,
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the mobile terminal can choose one pre-coder from the set of
pre-coders that complies with its needs best. In particular,
the mobile terminal may report its effective radio channel

for this selected pre-coder.

Pursuant to another embodiment, the at least one base station

has several antennas.

Hence, due to the several antennas of the base station, a
beamforming or pre-coding can be achieved, which can be im-
proved based on the feedback information processed at the mo-

bile terminal (s) .

According to an embodiment, the input signal is a reference
signal conveyed via several antennas of the at least one base

station.

According to another embodiment, the at least one base sta-
tion conducts pre-coding and/or beamforming based on the

feedback information obtained by the mobile terminal.

In yet another embodiment, the at least one base station con-
veys a first type of input signals with a high amount of in-
formation infrequently and a second type of input signals

with a reduced amount of information frequently.

For example, on a sub-frame basis each 100ms, the high amount
of information can be conveyed towards the mobile terminal (s)
and with each frame (10ms) the reduced amount of information
may be conveyed in a pre-coded manner to a particular mobile

terminal.

The first type of input signals can be conveyed via all an-
tennas of a base station and the second type of input signals
can be conveyed in a beamforming manner utilizing, e.g., only

a selection of antennas in a predefined way.
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It is also an embodiment, that the feedback information com-
prises a first type of feedback information with a high
amount of information conveyed infrequently and a second type
of feedback information with a reduced amount of information

conveyed frequently.

Hence, as described above with regard to the first and second
type of input signal, the feedback information can be con-
veyed to the at least one base station in a similar manner.
In particular, the first type of feedback information can be
conveyed via several antennas of the mobile terminal, whereas
the second type of feedback information can be conveyed in a
beamforming manner utilizing the mobile terminal's antennas

in a predefined way.

According to a next embodiment, at least two base stations
are organized as a collaboration area in particular providing

a coherent transmission.

Pursuant to yet an embodiment, the base stations of a col-

laboration area provide distributed processing.

According to a further embodiment, the input signals from the
at least one base station are at least partially orthogonal

to one another.

It is also an embodiment that the mobile terminal provides
the feedback information via a multiple-input single-output
channel processing, wherein the mobile terminal in particular

selects a receive strategy.

As an option, the mobile terminal may select its receive
strategy based on its processing capabilities, in particular
independent from other receive strategies of other mobile

terminals.

The mobile terminal may also consider external interference

that could be determined via at least one of its antennas,
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and process such information into the combined feedback in-

formation to be conveyed to the at least one base station.

The problem stated above is also solved by a device compris-
ing a and/or being associated with a processor unit and/or a
hard-wired circuit and/or a logic device that is arranged
such that the method as described herein is executable

thereon.

According to an embodiment, the device is a communication de-
vice, in particular a or being associated with a mobile ter-

minal or a base station.

In particular several such base stations could be organized
in a collaboration area, wherein a central network component
(which may be a functional entity deployed with a particular
base station) organizes the collaboration area. Hence, the
device mentioned may be a base station with such a central
network component or even a central network component de-

ployed as a physical entity.

The problem stated supra is further solved by a communication

system comprising the device as described herein.

Embodiments of the invention are shown and i1llustrated in the

following figures:

Fig.1l shows a collaboration area comprising three base sta-
tions allowing for a coherent transmission towards

associated mobile terminals;

Fig.2 depicts an schematic diagram visualizing an approach
for feedback pre-selection at each of two mobile ter-

minals;

Fig.3 shows a schematic diagram that illustrates a trans-
forming of a MIMO channel into an effective MISO
channel with known SINR.
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The approach provided proposes a collaborative antenna scheme
for active interference management inside a so-called col-
laboration area (CA). It is in particular suggested utilizing
a unified framework for feedback given by mobile terminals

(MTs) for active interference management.

Receive antennas at a mobile terminal can be used jointly for
data detection as well as interference suppression. Each user
may apply for one data stream. However, it is also an option
to support multiple data streams per user. In such case, the

mobile terminals may provide multiple MISO feedback channels.

Considering the case of multiple Rx antennas per terminal,
each user may independently select its preferred receive
strategy (i.e. select Rx antenna(s), select MRC and/or IRC
and utilize receive filter accordingly) and convey the effec-
tive MISO channel apparent behind the receive filter. The
scenario of a single Rx antenna terminal corresponds to the

Rx antenna selection.

Fach mobile terminal then determines the channel coefficients
and then reports them to the serving base station (BS). In
turn the BS distributes these then among the BS within the
CA. The BSs then perform a joint pre-coder calculation in a
parallel manner, reducing additional exchange of pre-coder
weights and minimizing delay over the connecting link between
BSs. A final coordinated and joint application of these pre-
coder weights allows suppression of intra-cell interference
and coherent joint transmission of data-streams from distrib-

uted antennas.

The approach suggested applies in particular for systems us-
ing CSI-based pre-coding and/or beamforming irrespective of

whether or not base station sectors are collaborating.

For example, a framework for feedback provisioning from at

least one mobile terminal to at least one base station is
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considered. The solution provided in particular utilizes an
MISO channel and each mobile terminal may select a receive

strategy independently from any other mobile terminal. Such
selection can be conducted based on the computational capa-

bility of the respective mobile terminal.

A multi-cell channel information may be fed back to at least
one base station after receiver processing by the mobile ter-
minal. Several base stations can be combined to a collabora-
tion area (CA). Distributed processing can be provided by

each base station thereby facilitating a real-time implemen-

tation.

Fig.1l shows a collaboration area comprising three base sta-
tions 101, 102, 103 allowing for a coherent transmission to-

wards associated mobile terminals.

Fig.2 depicts an schematic diagram visualizing a method for

feedback pre-selection at each mobile terminal.

A mobile terminal 201 comprises two antennas 203, 204, a re-
ceive filter w; and provides a MISO channel feedback h¥¥ to
a base station BS:;. Accordingly, a mobile terminal 202 com-
prises two antennas 205, 206, a receive filter w, and pro-

vides a MISO channel feedback Hh¥% to a base station BS,.

The base stations BS; and BS; both perform a coherent joint
transmission 207 processing the whole pre-coder CYY on the
given user feedback, but using the corresponding respective
parts C%% and €Y for coherent joint transmission. Each base
station BS; and BS; in Fig.2 comprises two antennas 208, 209
and 210, 211 that are fed wvia a pre-coding matrix C;, C, for
each base station BS; and BS,. The antennas of Fig.2 communi-
cate via a radio channel 212 described as H,C, indicating a

collaborative area 1i.

In this case each sector is allowed to use independent uni-

tary beamformers C;, C, in case of non-collaborative trans-
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mission. Thus, each MT provides feedback on its effective

MISO channel, seen among several BS antennas.

It is noted that BS collaboration increases the number of an-
tennas from the perspective of signal processing. For the
case of multi-antenna MTs SDMA with a single data stream per
user may be the dominant transmission mode in multi-user sys-
tems. Thus, providing feedback via a single data stream may
suffice for a user and will save a significant amount of

feedback overhead.

In case of single-antenna MTs, each MT may process a MISO
channel and may provide feedback information about thereof to

its serving BS.

In case of multi-antenna MTs, each MT may use linear receive
filters to report an effective MISO to its serving base sta-
tion. The effective MISO channel may be determined based on
several input signals from one BS or several BSs. Each BS may
provide several input signals via several antennas. Further-
more, the BSs may be of one CA, but can also be of different
CAs. In particular a reference signal from a BS that is not
part of the current CA can be utilized for beam forming pur-

poses at the MT.

Fig.3 shows a schematic diagram that illustrates a transform-
ing of a MIMO channel into an effective MISO channel with
known SINR. Said effective MISO channel is conveyed as feed-
back information to the MT's serving BS. Hence, the MIMO
channel H?* received via two antennas at the respective MT m
from two BSs is combined into said effective MISO channel
h.
Therefore each MT may choose at least one of the following
approaches, in particular its receive filter(s), according to
its own computational capabilities:

— Simple receive antenna selection;

— Maximum Ratio Combining (MRC);
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— Interference Rejection Combining (IRC), in particular
comprising different degrees of interference knowl-
edge;

— Singular value decomposition (SVD), optionally in
combination with MRC and/or IRC.

Each BS in the collaborative area (CA) may use a pre-selected

algorithm for user orthogonalization purposes and may be able

to determine pre-coding weights in a distributed way.

The following signalization mechanisms may be utilized:

(a)

The BSs may ask MTs to provide a specific type of CSI
feedback, i.e. full MIMO-CSI or effective MISO-CSI.

Unique identifiers can be used for distributed process-

ing, i.e. according to an order of BS antennas.

Protocols for stable joint transmission are preferably
to ensure stable operation, e.g., in case of packet

loss.

Further Advantages:

(a)

The approach enables a unified framework for feedback

and also allows for non-collaborative transmission.

A distributed collaborative interference management is
provided, including in particular network MIMO (coopera-
tive multipoint transmission (CoMP), joint transmis-

sion) .

An extent of collaboration can be selected at the BS.

An amount of feedback signaling can be significantly re-
duced for the transmission antennas of the base sta-
tion(s) as well as for the receiving antennas of the mo-

bile terminal. For example, in case of ra=2 receive an-
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tennas by a factor of 2 and in general by a factor of ra

amounting to the number of receive antennas.

Hereinafter, further details regarding the suggested concepts

are described.

SYSTEM MODEL

A downlink multiple-input multiple-output (MIMO)-OFDM trans-
mission system for an isolated sector with Ny transmit and Ny
receive antennas per MT can be described on a per sub-carrier

basis as follows

y=H O x+n (1)
where

H is a Np w Ny channel matrix;

C is a unitary Ny x Ny pre-coding matrix or a

matrix denoting any modulation format, in par-
ticular comprising amplitude modulation;

X denotes a Ny = 1 vector of transmit symbols;

y, n denote Ny x 1 vectors of received signals and
of the additive white Gaussian noise (AWGN)
samples, respectively, with a covariance

amounting to E{nn¥} = o1,

In a downlink channel of a cellular system, frequency re-

sources may be reused in all neighboring cells. Depending on
the deployment of base station sites and depending on an ac-
tual position of the MT, the MT may receive interfering sig-
nals destined for other users in addition to its own desired

signal.

At an initial step, all BSs may provide Q fixed unitary beam

sets C,, we{l, .., Q}.

FEach beam set may comprise aNp fixed pre-coding vectors

(beams) by, with ue{l, .., aNg}, where o denotes a size of a
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collaboration area (CA). Each BS-cluster i may independently

select one of these beam sets.

Each sector may use Nr beams, denoted by bi,, as the u-th pre-
coding vector used by cluster i. The received downlink signal
y" at the mobile terminal m in the cellular environment may

amount to

5 ;\c""j' RY ¥
n (224 ; - N q !
y[ = H: ‘bé,-n i Y ; H z‘i}{ gy g 2 ;l,’; HSJ {)4 ' + 1 (2)
6 FE - EIRE-3 i
Iaae e oy

The desired data stream x:,, transmitted on the u-th beam from
the i-th cluster is distorted by the intra-cluster and inter-

cluster interference aggregated in C;,, and z;,,, respectively.

H" spans the N x alNy channel matrix for user m formed by
the cluster i. Thus, C;,, denotes an interference generated in

the cooperation area.
The &Ny beams in the beam set C; may simultaneously be ac-
tive, wherein an available power p; is assumed to be uni-

formly distributed over the aiNy beams.

Hence, the following applies:

with ps being a transmit power per sector.

A chosen set of pre-coders may be kept fixed, e.g., to

LN , , s
C; = M?f{f ““J’ C, = diagCy, ..., Oy (3),
. i Rt pssseess

FESRITSA
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where C; is defined for Nr=2 transmit antennas (Tx antennas)

per sector.

A cluster of BS antennas may be grouped for joint signal pre-
processing and a coherent transmission of data signals and a
cooperation area (CA) may be defined. The CA may manage in-
terference by utilizing joint signal processing prior to
transmission over the wireless channel. Data signals coming
from outside this CA will be treated as inter-cluster inter-
ference, where the spatial structure can be measured, e.g.,
by estimation of the interference co-variance matrix. CAs can
be selected network-centric or user-centric. The user-centric
choice can be determined, e.g., by measuring broadband chan-
nels to nearby BSs and by reporting a set of strongest BS an-
tennas to the MT's serving BS. The serving BS may initialize
the setup of a new CA or allocate this particular MT into a
user group served inside a predefined CA. The overlap of CAs
including different BS antenna combinations can be separated,
e.g., in a frequency domain by means of resource partition-

ing.

For downlink cooperation among a selected set of o cooperat-
10y

ing BS sectors, a collaborative pre-coder C can be modi-

fied to any kind of beamforming as shown in Fig.2.

Each collaborating BS in the CA determines in a distributed
manner the whole pre-coder CY% on the given user feedback
utilizing the corresponding respective parts Cf& and jg& for

coherent joint transmission.

Fig.2 shows a pre-coding for coherent joint transmission that
is determined in a distributed fashion by two base stations,
wherein the corresponding parts thereof are provided by each

of the collaborating BSs.
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MT-ASSISTED FEEDBACK PRE-SELECTION

For channel adaptive transmission to one MT or to several
MTs, each MT may provide limited or full CSI to the BSs. With
a limited amount of uplink resources, especially due to lim-
ited power supply at the MTs, CSI feedback overhead may ad-
vantageously be decreased saving valuable uplink resources.

Therefore, a MT-assisted channel pre-processing is suggested.

Transmitting a single stream to each of the multiple MTs in
the cell allocates a significant portion of the system's ca-
pacity. Hence, a multi-user MIMO (MU-MIMQO) transmission mode

may advantageously be utilized.

For Np>1 a spatial degree of freedom at the MT's receiver
side can be utilized for the purpose of interference rejec-

tion combining (IRC) according to

where Z, is a covariance matrix of interfering signals aggre-

gated in Ci,, and zi,,, 1i.e.

Verl Y - |
e T b A {hem 45*.-";:1_} }r

with E[.] being an expectation operator.

An interference-aware MMSE receiver is given according to

ABISE iy
Wy”ﬁl ----- rcanl (5)

-t

wherein Ry, denotes the covariance matrix of the received

signal y", i.e.
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It is noted that the MMSE receiver may be aware of interfer-
ence either by having a full knowledge, i.e. spatial struc-
ture, or a partial knowledge, i.e. a power on the inter-

cluster interference may be considered.

The MMSE receiver may yield a post-equalization SINR as fol-

lows:

. ey MR AT 'va i [ -
SINRMMSE 2R 270, (7).
T { ) P T o A

All proposed schemes have in common that each MT can choose
its desired receive strategy independently from any other MT
according to its computational capabilities and knowledge on
channel state information at the receiver (CSIR) including
interference. Agreed assumptions between the MTs and the CA
may be based on the fact that a minimum intra-cluster inter-
ference pre-coder is applied. The performance of different
linear receivers to obtain an effective channel can be dif-

ferent after zero-forcing (ZF) pre-coding at the BSs.

With regard to an example providing Np =2 receive antennas
(RX antennas) per MT, the principle can be illustrated as
follows: Each MT pre-computes an effective multiple-input-
single-output (MISO) channel and reports this to the serving
BS in the cooperation area. Receiving such feedback from sev-
eral users in the cooperation area, the BS may use different
methods for user orthogonalization, e.g., linear pre-coding
as ZF, MMSE or block diagoninalization (BD) or non-linear

Tomlinson-Harashima pre-coding (THP).
FEEDBACK ON TRUE MISO CHANNEL

For baseline systems, the MT has only a single Rx antenna and
therefore reports the true MISO channel to the BS according
to:

WY = Thps, has,) (8)
St it
he
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where ggmlflig&bg&J is a vector comprising j complex valued
effective channel coefficients between Tx antennas from a
first base station BS; and the single Rx antenna of the first

mobile terminal MT;.

According to this concept, the MISO channel h*¥» received at
the m-th MT can be fed back to the base station in addition a
SINR value.

The MT may not have any possibility to compensate inter-
cluster interference, which limits the SINR. For the achiev-
able SINR, the CA may provide the data stream to a particular
MT,, while all other data streams used for residual MTs are
orthogonalized by use of the ZF pre-coder. Thus, the MTs in
the cluster do not experience any intra-cluster interference.

;xii‘ MTwm

SINRM T e (9)

SN e

-

]

S8 Hby P o}

Te 3

il

is a transmit power scaling factor applied on

the data stream send to the m-th MT;

T is a noilse power received at the single Rx an-
tenna.

It is noted that if no transmit power limit is applied, %%

equals 1. The entire path-loss is pre-compensated at the

transmitter, resulting in unit signal power at the receive

antenna.
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FEEDBACK ON DESIRED BEAMFORMER

DFT-based non-cooperative pre-coding

It is also noted that sectors may operate independently from
one another while inter-cell interference is accounted for at

the multi-antenna MT.

FEach BS may provide a fixed matrix € comprising unitary DFT
beams. Assuming that the inter-cell interference is com-
pletely known at each MT, the MTs evaluate the achievable
rate per beam and convey this information to their serving
BS. At the BS, the feedback from different MTs is collected,
and the DFT beams from the matrix C are assigned individually
to the MT.

The MTs are assumed to provide their preferred matrix index
(PMI) and the corresponding SINR.

It is an advantage that with the fixed beam set C used for

the BSs, a co-channel interference (CCI) amounting to

Lie T gy

becomes predictable, enabling an interference-aware schedul-
ing in a cellular system. In combination with fair, interfer-
ence-aware scheduling policies, users may benefit from almost
doubled spectral efficiencies in the MIMO 2 x?% system com-
pared to the SISO setup.

EFFECTIVE MISO CHANNEL AFTER EQUALIZATION
In the following, the MTs considered are equipped with multi-

ple Rx antennas for the purpose of IRC. The BSs are assumed

to provide Nr data streams to Np MTs.
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In this case, the MTs may use linear receive filters to
transform the MIMO channel into an effective MISO channel,

according to Fig.3.

The MT may provide feedback regarding an achievable SINR and
the effective MISO channel h*7s,

Furthermore, if true ZF pre-coding is assumed at the BSs,
feedback can be split into amplitude and phase instead of I
and Q samples to describe the channel. Hence, the amplitude
may be of less importance and can be reduced to a mean path-
loss. On the other hand, the phase information is useful to

allow for an adequate ZF pre-coding.
DFT-based Pre-coding and MMSE Receiver

DFT-based pre-coding may be maintained, but the effective
MISO channel may be fed back to the BS, which can be deter-
mined behind a linear equalizer at each MT. Thus, each MT may
calculate a spatial receive vector for the best transmit
stream and reports the product of receive filter according to
equation (5) and the aggregated channel matrix from the clus-
ter:

B WAy ) (10)
A linear receive filter WX can be determined by assuming
DFT-based pre-coding for intra-cluster and inter-cluster sig-
nals. A ZF pre-coder among the collaborative Tx antennas may

remove the intra-cluster interference, while keeping the in-

ter-cluster interference on a low level.

This approach may profit from a pre-selection of suitable re-
sources. Further, gains from IRC are kept in the system. In
addition, the MT is not required to have high computational
power, e.g., to do a singular value decomposition (SVD) on

the measured collaborative channel H;.
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Dominant Eigenmode Pre-coder and MRC Receiver

With a fixed set M of users, which may be served in a re-
source block (RB), each user m decomposes its &g x aNy chan-

nel matrix H]® according to the a SVD, yielding
HY = UEVH

FEach MT may apply for a single data stream only, i.e. for a
single MU-MIMO service. Thus, a dominant eigenmode can be se-
lected, i.e. the eigenvector corresponding to the highest ei-
genvalue. The effective channel after maximum ratio combining
(MRC) equalization using the dominant left eigenvector is

given by
DR U S5 M VLI S (11).

This scheme advantageously maximizes the signal power trans-
ferred from collaborative BSs to the MT. The MTs may prefera-
bly be grouped such that their eigenmodes show a high or-
thogonality, in particular the highest possible orthogonal-

ity. This allows for an efficient power reduction.
Dominant Eigenmode Pre-coding and MMSE Receiver

This solution combines the preceding two concepts, i.e. domi-
nant eigenmode pre-coder with a MMSE equalization at the MT.
Thus, a reporting based on the effective MISO channel h¥¥m
behind linear receive filter is assumed to be provided by the

MT as follows:

e soagngst B ep g
L AL ¢ By (12) .
The linear receive filter is determined based on an assump-
tion of eigenmode pre-coding for the dedicated data stream

and DFT-based pre-coding for inter-cluster signals.
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Other data streams inside the cooperating cluster are assumed
to be transmitted orthogonal in space.

ANNTRLN

IS iy
witEE o LR Hyy (+2) -
3 TOEY s,

i23
3

h don

The initial spatial channel assumption concentrates on out-
side interference as the limiting interference contribution,
while the effective MISO channel inside the cooperation area
is chosen such that the desired signal from the set of BSs to

the MT i1s maximized.

The final SINR can thus be fully pre-computed at the BS,
since the initial SINR reported from the MT under ideal pre-
coding using the dominant eigenbeam forming (DERF) will be
altered by the power normalization per transmission stream

only.
Implementation Issues: Effective Channel Estimation

Single-cell transmission may be based on fixed pre-coding ma-

trices €, = {,_,, where ¢ identifies the base station.

To enable IRC at the MT, the true multi-cell channel ¥, from
(all) BSs to a given terminal m may be estimated. Pre-coding
matrices may not change frequently in order to keep multi-
cell interference predictable. Hence, a first channel estima-
tion based on multi-cell pilot symbols is required at this

step to determine ¥ (.

In order to estimate the effective MISO channel at the output
of each linear receive filter, h¥%¥» may be determined as set
forth above. Also, pilot symbols may be processed like data
by the receive filter. Hence, the effective MISO channel can

directly be estimated on such a common reference signal.
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COOPERATIVE AND DISTRIBUTED PRE-CODER CALCULATION

As in particular discussed above, reporting a virtual MISO
channel is of advantage and can be orthogonalized by the col-
laborative BSs like a single antenna receiver. Once MTs are
grouped and assigned to a CA, the pre-coder and its power
normalization are determined by the used algorithm, which may
preferably be the same on all distributed processing units.
It may be of advantage in case the same software and/or hard-

ware i1s utilized on all processing units of a CA.

JOINT PRE-CODER WEIGHT CALCULATION

Each MT in the active set of users on a single data stream
may be served while the Rx antennas are used for IRC pur-

poses.

A maximum number of /Ny MISO channels experienced from dif-
ferent MTs are composed to form a compound virtual MIMO chan-
nel of a size Ny x Np. A compound channel matrix can be or-
thogonalized by any linear or non-linear pre-coding tech-
nique, if a full rank is assured. This may be the case in a
multi-point to multi-point channel. The proposed approach al-
lows to benefit from two major advantages: First, the multi-
ple receive antennas are efficiently used for suppression of
external interference at the MT's side. Second, by reducing
the number of data streams per MT, the degrees of freedom in
multi-user grouping can be utilized such that the number of
all active data streams is smaller than or equal to the num-

ber of active transmit antennas.

Unique identifiers for distributed processing

After the BS has received the multi-casted CSI from the other
BSs of the CA, a cross-check of all contents, in particular
regarding the origin (MT and BS identifier) and a time stamp
(frame number and optionally sub-frame number) is conducted.

Next, all valid CSI data can be loaded in a pre-determined
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order, assuring that the compound channel matrices put to-
gether at different BSs are identical in each entry. This can
be assured per sub-carrier or per physical RBR in OFDM systems

where transmit collaboration is applied.

The pre-determined order can be achieved by numbering all ac-
tive BS Tx antennas within the CA while keeping track of the
corresponding MT identifier. This antenna numbering is advan-

tageously known to all MTs.

In case the compound channel matrix is available and wvalid,
all processing units can use the same deterministic algo-

rithms to determine the joint pre-coder ¢+,

CA protocols for stable joint transmission

As a final hand-shake before calculating the joint pre-coding
matrix %%, the (in particular all) BSs distribute via
multi-cast a correctly received CSI message to the (in par-
ticular to all) BSs of the CA.

If one BS has incomplete data, e.g., due to packet loss,
other BSs within the CA can provide the missing pre-coder
weights and the calculation of the post-detected SINR. This
ensures that joint spatial pre-processing can still success-

fully be performed.

It is noted that several protocols, e.g., master-slave or
central controller approaches, can be utilized, but may in-
flict additional traffic and latency on the X2 interface for
pre-coder and modulation and coding scheme (MCS) level ex-
change. This allows for data consistency at all distributed
points, which is an important issue whenever a distributed

approach is considered.
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Meeting the transmit power constraint

The rationale of stringent transmit power constraints per
transmit antenna and per site is based on
— operating the power amplifier at the BS at an optimum
operation point with respect to a high Peak-to-
Average-Power-Ratio of the OFDM time domain signal
and
— keeping the emitted power spectral density flat,
which is favorable for reliable broadband channel
measurements and for spectrally balanced interference

to other cells.

In order to meet the requirements of a fixed maximum transmit
power per Tx antenna, the pre-coder matrix is column-wise
normalized such that the average transmitted power per data
stream is (substantially) constant. On the average and con-
sidering slightly different phases and amplitudes over the
entire frequency range of the OFDM symbol, a rather constant
transmit power per Tx antenna can be reached as well. Since
the normalization for all elements of one and the same pre-
coder column is the same, the resulting SNRs post-detected

per data stream can be normalized differently.

Selecting the right matrix row for coordinated local spatial

pre-coding

According to the pre-determined order of the BS antennas,
each BS knows which row out of the finally calculated joint
pre-coder matrix belongs to its own transmit antennas. This
particular row is selected and stored for further processing
together with the user data which are expected for each user

to arrive via multi-cast messaging on the X2 interface.

The time stamp allows for a synchronization of pre-coder and
data content, which is beneficial for successful coherent
transmission of data and active interference management

within the CA.
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Determination of Post-Detector SINR

In addition to CSI per sub-carrier or per resource block
(RB), each MT reports the effective post-equalization SINR.
The final SINR can be determined or predicted after ZF pre-

coding applying the pre-chosen receive filter per MT.

The normalization factors iy, for the m-th column of the
spatial pre-coder and therefore for the data stream to the m-
th MT can be calculated and multiplied with the reported SINR
per MT.

The calculation of the final post-detection SINR considering
joint transmit pre-coding and the reported effective SINR
from each MT can again be calculated in a distributed fashion
by the serving BS of each MT. This BS is in charge of the
current and future continuation of higher layer protocols,
such as HARQ. After having decided the final effective post-
detect SINR to be expected at the MT for the allocated
stream, a MCS level, a puncturing and a PDU size can be cho-
sen such that each spatial layer is utilized for data trans-

mission purposes.

It is noted that puncturing is a method that allows reducing
a forward error correction code for a first transmission. In
case the first transmission is successful, the overhead por-
tion based on such forward error correction code can be re-
duced thereby increasing the bandwidth to be utilized for
user data. In case the first transmission with such reduced
amount of forward error correction code is not successful,
additional redundancy information is conveyed in a second
transmission. Such shortening of the redundancy information
(here: the forward error correction code) in the first trans-
mission is referred to as "puncturing". The whole method can
be referred to as hybrid ARQ.



10

15

20

25

30

35

WO 2010/119044 PCT/EP2010/054853

26

The chosen MCS level for each spatial layer is tagged to an
associated encoded data stream and is again multi-casted to
each BS belonging to the active set of antennas in the CA,
which will perform mapping onto higher modulation formats lo-
cally and the mapping to the correct spatial pre-coder input

queue.

The MTs may in parallel be informed about the allocated re-
sources and the MCS levels. Since resource allocation an-
nouncement is in charge of the serving BS for each MT, this
can either be done in a cooperative transmit mode or in a

non-cooperative mode per BS.

ZERO-FORCING (ZF)

Having established CAs and having found a suitable user
group, the joint MIMO channel between the BS and the MT an-
tennas can be treated as a standard point-to-multi-point MIMO

channel.

Thus, the spatial signal separation is performed at the BS
antennas based on the known CSI. By exploiting this channel,
adaptive spatial pre-coding the interference inside the CA
can be reduced and - in a best-case scenario - an intra-

cluster interference-free transmission may be achieved.

Since collaborative signal processing across the network is
most likely not feasible (in case of a huge network), it may
be a solution to focus on a size for the CA to comprise 3 to
4 BS sectors. The residual inter-cluster interference may
limit the performance of the CA. Thus, it can be focused on a
joint SINR maximization including the spatial structure of

the inter-cluster interference.

To mitigate intra-cluster interference spatial ZF pre-coding
can be considered, which is adapted to the joint channel H
by choosing the pre-coder according to the Moor-Penrose

pseudo-inverse of the channel
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{:1({ - HT - H[} {H'H}" 3 -~ .
This eliminates the inter-cluster interference.
y = H; Oy by HH,x 41w X 0 (14),

which is equivalent to parallel AWGN transmission of data

streams to different MTs.
BLOCK-DIAGONALIZATION (BD)

To obtain the pre-coding vector for the m-th user, each BS in

the CA aggregates the interfering MISO channels
R with ne Ll =1 fm 4+ 1L adNe ),

according to the BD approach. This results in a matrix of a
dimension {eiNy ~ 1} x aNy

AT ey AL o Sy ALT % o, AT H F4 AT ey hr‘.; -
hlx R E{hj”‘ } ‘ {h.x .{m.__‘} {\h‘ 37 .H) o {hhlm\,!,} jih (15) .

Performing the singular value decomposition (SVD) of h¥¥ re-
sults in

v (16),

T

1:!.;\};\:{;” == {"U { ﬁ’m- 0 ] ‘:f*

m

where V! corresponds to the eigenvector associated with the

null space of h'im,

It is noted that the null space can be represented by a ma-

trix of a dimension X% Ny, In case each user is served on

its dominant eigenmode only, i.e. A=1, ¥! is of dimension

e

1 x Ny and thus a vector.
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List of Abbreviations:

3G-LTE
3GPP
ACK
ARQ
AWGN
BC
BD
BER
BS
CA
CCI
CDMA
CoMP
CSIT
CSIR
DEBF
DFT
FDD
FDMA
FEC
FSK
HARQ
IR
IRC
JT
MAC
MCS
MIMO
MISO
MMSE
MRC
MS
MSE
MSHARQ
MT
MU-MIMO

3G Long Term Evolution

3rd generation partnership project
acknowledgement

automatic repeat regquest

additive white Gaussian noise
broadcast channel

block diagonalization

bit error rate

base station

collaboration area

co-channel interference
code-division multiple access
cooperative multipoint transmission
channel state information

channel state information at the receiver
dominant eigenbeam forming
discrete Fourier transform
frequency division duplex
frequency-division multiple access
forward error correction

frequency shift keying

hybrid automatic repeat regquest
incremental redundancy
interference rejection combining
joint transmission

MAC layer, medium access control layer
modulation and coding scheme
multiple-input multiple-output
multiple-input single-output
minimum mean sguare error

maximum ratio combining
multi-stream

mean square error

MIMO single HARQ

mobile terminal

multi-user MIMO
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MU-MUX multi-user spatial multiplexing
MU-SDMA multi-user space-division multiple access
NACK not acknowledgement
OFDM orthogonal frequency division multiplexing
OFDMA orthogonal frequency division multiple access
PDF probability density function
PDU protocol data unit
PHY PHY layer, physical layer
PMI preferred matrix index
QAM quadrature amplitude modulation
RB resource block
Rx receiver
SDIV spatial diversity
SDMA space-division multiple access
SIMO single-input multiple-output
SINR signal to interference and noise ratio
SIR signal to interference ratio
SISO single-input single-output
SMUX spatial multiplexing
SNR signal to noise ratio
SU-MIMO single-user MIMO
SU-MUX single-user spatial multiplexing
SVD singular value decomposition
TDD time division duplex
TDMA time division multiple access
THP Tomlinson-Harashima pre-coding
Tx transmitter
UE user eguipment
UMTS Universal Mobile Telecommunications System
WiMAX Worldwide Interoperability for Microwave Ac-
cess

ZF zero forcing
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Claims:

A method for data processing in a communication network,

— wherein a mobile terminal receives several input sig-
nals from at least one base station; and

— wherein the mobile terminal processes said several
input signals into a feedback information that is

conveyed to at least one base station.

The method according to claim 1, wherein the mobile ter-
minal comprises several antennas, utilizing at least one

antenna for interference suppression purposes.

The method according to any of the preceding claims,
wherein the feedback information is conveyed to the mo-

bile terminal's serving base station.

The method according to claim 3,

— wherein the base station distributes the feedback in-
formation to at least one further base station and/or
to a central unit,

— wherein the base station and the at least one further
base station and/or the central unit aware of the
feedback information perform a joint processing, in

particular a pre-coder calculation.

The method according to any of claims 3 or 4, wherein

the feedback information comprises at least one of the

following:

— a virtual pre-coding conducted by the mobile termi-
nal;

— at least one effective radio channel.

The method according to any of the preceding claims,
wherein the at least one base station has several anten-

nas.

The method according to any of the preceding claims,
wherein the input signal is a reference signal conveyed

via several antennas of the at least one base station.
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The method according to any of the preceding claims,
wherein the at least one base station conducts pre-
coding and/or beamforming based on the feedback informa-

tion obtained by the mobile terminal.

The method according to any of the preceding claims,
wherein the at least one base station conveys a first
type of input signals with a high amount of information
infrequently and a second type of input signals with a

reduced amount of information frequently.

The method according to any of the preceding claims,
wherein the feedback information comprises a first type
of feedback information with a high amount of informa-
tion conveyed infrequently and a second type of feedback
information with a reduced amount of information con-

veyed frequently.

The method according to any of the preceding claims,
wherein at least two base stations are organized as a
collaboration area in particular providing a coherent

transmission.

The method according to claim 11, wherein the base sta-
tions of a collaboration area provide distributed proc-

essing.

The method according to any of the preceding claims,
wherein the input signals from the at least one base
station are at least partially orthogonal to one an-

other.

The method according to any of the preceding claims,
wherein the mobile terminal provides the feedback infor-
mation via a multiple-input single-output channel proc-
essing, wherein the mobile terminal in particular se-

lects a receive strategy.

A device comprising a and/or being associated with a

processor unit and/or a hard-wired circuit and/or a
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logic device that is arranged such that the method ac-
cording to any of the preceding claims is executable

thereon.
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