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Channel-Adaptive Transmission in a Distributed Coordinated

Multi-Point Transmission System

The present invention relates to Coordinated Multi-Point
transmission (CoMP) in a communication system. In particular,
the present invention relates to channel-adaptive transmis-
sion in a distributed coordinated multi-point transmission

system.

Multiple antenna systems have been shown to allow an active
exploitation of the spatial degrees of freedom in order to
increase the spectral efficiency and boost throughput in
wireless communication systems. In particular, spatial sepa-
ration of simultaneously transmitted data streams can be per-
formed either at a transmitter or a receiver depending on
available channel state information (CSI) and possibilities

of joint signal processing.

Currently for 3G-LTE (Third Generation-Long Term Evolution) -
Advanced so called Coordinated Multi-Point (CoMP) transmis-
sion is investigated in an effort to overcome inter cell in-
terference limitations. High performance gains can be ex-
pected from so called joint precoding solutions, where pre-
coded data are transmitted from several eNBs (evolved Node

Bs) simultaneously to several UEs (User Eguipments).

Highest performance would be achieved in case of a full net-
work wide cooperation, but this would require channel estima-
tion from all eNBs to all UEs, feedback of this huge amount

of information from the UEs to the eNBs as well as multicast-

ing of user data from all UEs to all eNBs.

In practical systems therefore so called cooperation areas
(CA) have to be defined limiting cooperation to a few adja-

cent cells.
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Optionally it may be possible to use CoMP transmission
steered by a central unit (CU). However, a CU-driven CoMP is
not flexible in usage because collaboration areas (CA) are
fixed, and is not scalable for typically large mobile commu-
nication networks. Moreover, large delays may have to be ac-
cepted by the central approach, which also requires high

processing power at the central unit (CU).

The present invention aims at allowing channel-adaptive and
coherent signal transmission from several base stations for
active interference management in a cellular collaboration

area.

According to an embodiment of the invention, for distributed
CoMP transmission coherent channel state information (CSI)
knowledge can be provided for collaborating base stations
such as eNBs. Protocols are described which support unigue
identifiers for distributed processing, in order to support
the ability to determine precoder weights which are distrib-
uted to each individual precoder of a base station belonging
to a collaboration area (CA). This ensures the same signal

processing as a central unit would do.

Access 1s supported for different types of UEs, i.e. Release
8 UEs may be supported jointly with more advanced UEs. Fur-

thermore, mobile users and stationary UEs are supported.

Malfunctions in the distributed processing can be identified
at an early stage and it is possible to correct errors in the
processing by defined protocols following pre-agreed rules on

how to handle errors.

According to an embodiment of the invention, a user equipment
obtains channel state information for base stations serving
the user equipment according to a coordinated multi-point

transmission, arranges the channel state information in a
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predetermined order, and transmits the channel state informa-
tion in the predetermined order. At least one base station of
the base stations receives the channel state information, ar-
ranges the channel state information in the predetermined or-
der into a datagram, and transmits the datagram to at least

one other base station of the base stations.

In the following, embodiments of the invention are described

with reference to the accompanying drawings, in which:

Fig. 1 shows a diagram illustrating coherent transmission in

a collaboration area.

Fig. 2 shows a schematic diagram illustrating a concept of

distributed CoMP transmission using individual precoders.

Fig. 3 shows a schematic block diagram illustrating a struc-
ture of base stations and a user equipment according to an

embodiment of the invention.

Fig. 4 shows a diagram illustrating CSI data transmission and
exchange in a distributed CoMP system according to an embodi-

ment of the invention.

Fig. 5A shows a structure of a CoMP message including a CoMP

datagram according to an embodiment of the invention.

Fig. 5B shows a structure of the CoMP datagram according to

an embodiment of the invention.

The present invention focuses on active interference manage-
ment of collaborative base stations (BSs) signal processing
in the cellular downlink, also known as Coordinated Multi-
Point transmission (CoMP), as shown in Fig. 1. Fig. 1 illus-
trates coherent transmission in a collaborating area (CA)

with channel function h, which is surrounded by areas causing
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interference z. A cellular deployment with a decentralized
signal processing architecture as e.g. proposed for 3G-LTE-

Advanced 1is considered.

Referring to Fig. 2, each base station BS;, BS; has an indi-
vidual precoder C**, where precoder weights are determined
independently at each collaborating base station. As shown in
Fig. 2, the base stations BS; and BS, perform coherent joint
transmission in a collaboration area i1 and receive feedback
from UEs (not shown) in the collaboration area i. The UEs ap-
ply whitening filters w; to signals received from the base
stations and provide feedback based on the received signals
to the base stations. In Fig. 2 H is the channel matrix and T

represents precoder weights.

In order to enable a distributed CoMP transmission, it has to
be ensured that each base station of a collaboration area
performs exactly the same precoding so that resulting Tx
(transmitter) signals per base station are exactly the same.
To be precise, based on the same available user data exactly
the same precoding is calculated at each base station. For
this purpose it has to be ensured that all base stations have

access to data streams of all cooperating UEs.

This can be achieved by a unicast transmission of CSI data
from a specific UE to its serving (dedicated) base station.
Collaborating base stations then exchange the CSI-feedback
reported by their UEs. And therefore, a backhaul link with

low delays is required.

Alternatively or in addition, multicasting of CSI over the
air from all UEs to all base stations is adopted, i.e. an im-

proved UL (uplink) feedback link is required.

In real systems it may be beneficial to find a trade-off be-

tween both possibilities of sharing user-specific CSI feed-
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back or to use both solutions Jjointly to have a fall-back so-
lution for the case of occurring errors. According to an em-
bodiment of the invention, distributed CoMP systems operate
by using suitable protocols, which follow predefined rules in
case of malfunctions. In order to ensure coherent CSI knowl-
edge especially when exchanging the feedback information over
X2 interface between base stations, according to an embodi-
ment of the invention a feedback message contains identifi-
ers, e.g. time stamps, which indicate their validity and life
time. In case of lost/damaged CSI data it can be beneficial
to drop the complete broken information and reuse old CSI. If
applicable, i.e. only one data stream between a single base
station and its UE is currently affected by errors, other
base stations within the CA may send the specific feedback
data. In particular, this is applicable when CSI multicasting

over the air is performed.

In order to have coherent channel state information available
at collaborating base stations, it has to be ensured that all
UEs are reporting their CSI in unified way. It is mandatory
that compound channel matrices put together at different base
stations are identical in each entry. This has to be assured
per sub-carrier or per physical resource block (PRB) in OFDM
(Orthogonal Frequency Division Multiplexing) systems where
transmit collaboration is applied. According to an embodiment
of the invention, a pre-agreed order is realized by numbering
all active base station Tx antennas within the CA, while
keeping track of a corresponding user equipment (UE) identi-
fier. This antenna numbering has to be known to all UEs. Ac-
cording to an embodiment of the invention, this is arranged
by defining a rule, which can be figured out by all UEs, e.g.
by using cell identifications of the base stations of the

collaboration area in an ascending order.

For example, it is assumed that each base station has two Tx

antennas, and four base stations are doing CoMP. Then CSI
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data transmitted from a user equipment in the collaboration
area is in the form:

[[Tx1T%2] ce11 1a1 [TxRITx2] 11 503 [TXITxZ2]ce11 104 [TXITXZ2]ce11 1a2]]

where cell 1dl < cell 1d3 < cell 1d4 < cell id2.

Wireless communication systems may have a mixture of differ-
ent types of UEs, which have to be supported. The UEs may be
subdivided into two main groups. The first main group com-
prises old (Release 8) Uks, which are not capable of provid-
ing CSI data, or users which are moving too fast, where the
CSI data will be outdated when it may be applied at the dif-
ferent base stations of a collaboration area, i.e. delay sen-
sitive users. The second group comprises stationary UEs,
well-suited for CSI feedback with high demands on the achiev-
able throughput.

In order to support both groups, base stations have to ar-
range their transmission using some type of static (fixed
codebook-based) precoding and channel-aware (CSI-aware) pre-
coding. In cellular systems according to an embodiment of the
invention base stations are allowed to switch between opera-
tion modes. This switching may be arranged over time domain,
i.e. in a TDMA- (Time Division Multiple Access-) like mode,
or over freguency, i.e. using specific subbands for CoMP
(CSI-aware) and other parts for static precoding. This
switching may be deployed in a traditional "frequency reuse"
(or time-access) fashion, such that a collaboration area (CA)
doing CoMP is surrounded by cells doing static precoding.
This may also help the UEs inside the CA to estimate the sur-
rounding interference using common reference signals and ap-
plying static codebook entries. Thus, surrounding interfer-
ence 1s kept predictable. In other resources (time or fre-
quency) the base stations belonging to this CA are forced to
use static codebook entries for spatial precoding supporting

their "old" or mobile UEs.
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According to an embodiment of the invention, protocols to
identify and correct malfunctions in distributed processing
are provided. These protocols ensure distributed spatial pre-
coding to be successfully performed and help to keep data

consistency at all distributed points.

In case correctly received CSI at all collaborating base sta-
tions from all UEs in the collaboration area is not ensured,

the base stations belonging to the collaboration area may ex-
change their CSI knowledge corresponding to UEs which require

to be served by CoMP.

In case a single (or multiple) base station(s) has (have) in-
complete CSI data or is (are) not capable of determining the

precoder weights for any other reason, other base stations of
the collaboration area may send the corresponding precoder

weights over the X2 interface between the base stations.

If partial CSI, i.e. from a specific user equipment, is un-
available, according to an embodiment of the invention CSI
data from "older" frames are reused. This will lead to a de-
creased throughput for this user egquipment, but maintains the
CoMP operating. The other UEs of the collaboration area are

not affected.

If the inversion channel matrix, e.g. for the zero-forcing
solution, is hardly possible, e.g. due to rank reduction, it
may be beneficial to switch off at least one data stream. For
this purpose, according to an embodiment of the invention the
collaborating base stations communicate over the X2 inter-
face. The rule which data stream has to be switched off may
be pre-agreed or is individually determinable by each of the

distributed base stations.
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According to an embodiment of the invention, to keep CSI con-
sistency, identifiers are used which indicate a frame number
(subframe number), life time (time stamp) and ordering of Tx

antennas.

Data- and CSI-exchange, precoder calculation and scheduler
decisions have to be synchronized. Moreover, time- and fre-
quency-reuse access for CoMP and non-CoMP transmission has to
be arranged/agreed by a protocol, i.e. at which resources
(time/frequency) each base station has to use a specific pre-

coder mode.

Referring to Fig. 3, apparatuses 10a, 10b and a user equip-
ment 20 according to an embodiment of the invention are
shown. The apparatuses 10a, 10b may comprise base stations
such as eNBs. The apparatuses 10a, 10b are considered to
serve jointly processed data streams of a CoMP transmission.
In other words, the apparatuses 10a, 10b are collaborating
base stations in a collaboration area of a CoMP system. The
user equipment 20 is considered to be served by the appara-
tuses 10a, 10b.

As shown in Fig. 3, the apparatus 10a comprises a processor
1la, a memory 1l2a, an interface 13a and a transceiver 1l4a,
which are linked by a bus 15a. The transceiver 14a is coupled
to one or more antennas (not shown) for bidirectional wire-
less communications over one or more wireless links with the
user equipment 20. The apparatus 10b comprises a processor
11b, a memory 12b, an interface 13b and a transceiver 14b,
which are linked by a bus 15b. The transceiver 14b is coupled
to one or more antennas (not shown) for bidirectional wire-
less communications over one or more wireless links with the

user equipment 20.

The user equipment 20 comprises a processor 21, a memory 22

and a transceiver 23, which are linked by a bus 24. The
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transceiver 23 is coupled to one or more antennas (not shown)
for bidirectional wireless communications over one or more

wireless links with the apparatuses 10a, 10b.

Inherent in the processors 1la, 1lb and 21 is a clock to en-
able synchronism among the various apparatus for transmis-
sions and receptions within the appropriate time intervals
and slots required, as the scheduling grants and the granted
resources/subframes are time dependent. The transceivers 1lda,
14b, 23 include both transmitter and receiver, and inherent
in each is a modulator/demodulator commonly known as a modem.
The interfaces 13a, 13b also are assumed to each include a
modem to facilitate communication over a (hardwire) link 30

between apparatus 10a and apparatus 10b.

The exemplary embodiments of this invention may be imple-
mented by computer software stored in the memories 12a, 12b,
22 and executable by the corresponding processor, or by hard-
ware, or by a combination of software and/or firmware and
hardware in any or all of the apparatuses and user equipment

shown in Fig. 3.

In general, the various embodiments of the user equipment 20
can include, but are not limited to, mobile stations, cellu-
lar telephones, personal digital assistants (PDAs) having
wireless communication capabilities, portable computers hav-
ing wireless communication capabilities, image capture de-
vices such as digital cameras having wireless communication
capabilities, gaming devices having wireless communication
capabilities, music storage and playback appliances having
wireless communication capabilities, Internet appliances per-
mitting wireless Internet access and browsing, as well as
portable units or terminals that incorporate combinations of

such functions.
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The memories 12a, 12b, 22 may be of any type suitable to the
local technical environment and may be implemented using any
suitable data storage technology, such as semiconductor-based
memory devices, magnetic memory devices and systems, optical
memory devices and systems, fixed memory and removable mem-
ory. The processors 1lla, 1llb, 21 may be of any type suitable
to the local technical environment, and may include one or
more of general purpose computers, special purpose computers,
microprocessors, digital signal processors (DSPs) and proces-
sors based on a multi-core processor architecture, as

non-limiting examples.

The apparatuses 10a, 10b and the user equipment 20 belong to
a collaboration area of a CoMP system. The apparatuses 10a,
10b provide coherent transmission to the user equipment 20,
and the user equipment 20 provides feedback to at least one
of the apparatuses 10a, 10b. This feedback may comprise chan-
nel state information which is obtained, e.g. determined, by
the processor 21 for the apparatuses 10a, 10b. The channel
state information may be obtained for each transmitter an-
tenna Tx of the transceivers 1l4a, 14b, i.e. for each channel
on which signals are received from the apparatuses 10a, 10b.
The processor 21 arranges the channel state information in a
predetermined order, and the transceiver 23 transmits the

channel state information in the predetermined order.

As mentioned above, according to an embodiment of the inven-
tion, the user equipment 20 multicasts the channel state in-
formation to the apparatuses 10a, 10b. According to another
embodiment of the invention, the user egquipment 20 unicasts
the channel state information to its dedicated base station,

i.e. apparatus 10a or apparatus 10b.

According to a cellular communication system in which the
present invention may be employed, each apparatus 10a, 10b

has a cell identification. According to an embodiment of the
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invention, the processor 21 arranges the channel state infor-

mation in the form

[[Tx1 .. TxXnlcerr 1a1 « [Tx1 .. TXplceil iax |

with cell i1dl < .. < cell idk,

wherein [Txgplcei1 1ax represents channel state information for
transmitter antenna m of apparatus 10a, 10b with cell idk,
[Txn]ce11 1ax represents channel state information for transmit-
ter antenna n of apparatus 10a, 10b with cell idk, k being an
integer equal to or greater than 2, and m and n being inte-
gers equal to or greater than 1, wherein the processor 21 ar-
ranges the channel state information for the apparatuses 10a,

10b in an ascending order of the cell identifications.

In the arrangement shown in Fig. 3, assuming that apparatus
10a has cell idl, apparatus 10b has cell id2, cell idl <
cell id2, and each apparatus 10a, 10b has two Tx antennas,
the user equipment 20 arranges the channel state information
in the form [[Tx1 Tx2]ce11 11 [Tx1 Tx2]ce11 1q2], wherein the or-
der of the channel state information for the respective an-
tennas (i.e. the antenna numbering) is known by the user

equipment 20.

For example, in case apparatus 10a is the dedicated base sta-
tion of the user equipment 20 and unicasting of CSI data is
performed, the user equipment 20 transmits the channel state
information in the predetermined order to the apparatus 10a.
The processor lla obtains the channel state information and
arranges the channel state information in the predetermined
order into a datagram. The processor lla may determine a life
time of the channel state information, and may arrange a time
stamp indicating the life time of the channel state informa-
tion into the datagram. The processor may further arrange an

identifier into the datagram, which identifies a signal
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transmission on at least one of the jointly processed data
streams. The interface 13a transmits the datagram to the ap-
paratus 10b over the link 30 which may be an X2 interface.
The interface 13b receives the datagram. The interfaces 13a,
13b may exchange the datagram using user datagram protocol

and internet protocol.

The arrangement shown in Fig. 4 comprises two base stations
BS 10a, BS 10b and two user equipments UE 20a and UE 20b in a
collaboration area of a CoMP system. The structure of BS 10a
and BS 10b may correspond to that of apparatus 10a and appa-
ratus 10b, respectively. The structures of UE 20a and UE 20b
may correspond to that of the user equipment 20. Jointly
processed data streams between BS 10a, BS 10b and UE 20a, UE

20b are shown as broken lines.

In case unicasting of CSI data is performed, UE 20a sends
channel state information in the predetermined order as de-
scribed above to its dedicated base station which in the ar-
rangement of Fig. 4 is the BS 10a, and the UE 20b sends chan-
nel state information to its dedicated base station BS 10b.
At BS 10a, the channel state information in the predetermined
order received from the UE 20a is arranged in a datagram to-
gether with an identifier and a time stamp as described
above, and the datagram is sent to the BS 10b e.g. via the X2
interface. Similarly, at the BS 10b the channel state infor-
mation in the predetermined order received from the UE 20b is
arranged in a datagram together with an identifier and a time
stamp as described above, and the datagram is sent to the BS
10a e.g. via the X2 interface. Thus, complete CSI data are
available at each base station BS 10a, BS 10b, and it can be
ensured that compound channel matrices put together at the BS

10a and the BS 10b are identical in each entry.
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Figs. 5A and 5B illustrate an implementation of a CoMP proto-
col used for exchanging CSI data between collaborating base

stations according to an embodiment of the invention.

As shown in Fig. b5A, base stations use CoMP datagrams which
are sent via UDP/IP (User Datagram Protocol/Internet Proto-
col) to exchange CSI data. IP is scalable, is a widely used
protocol, and supports fragmentation, so CoMP datagrams can

be of arbitrary size.

Moreover, protocol stacks for UDP/IP are already implemented
in many network devices, and IP adds only small overhead to
CSI data. UDP/IP does not depend on the transport technology
used and can be transmitted over e.g. 3G-LTE, fiber optics,
DSL (Digital Subscriber Line), air-LASER links, etc. or any

combination thereof.

The CoMP datagram shown in Fig. 5B includes a frame num-
ber/unique identifier, a timestamp and the channel state in-
formation as described above, wherein it is assumed that
cell idl < cell 1d3 < cell id4 < cell 1d2.

The base stations BS 10a, BS 10b shown in Fig. 4 or appara-
tuses 10a, 10b shown in Fig. 3 determine signal transmission
on at least one of the jointly processed data streams, i.e.
data streams between base stations and user equipments in a
collaboration area, shown as broken lines in Fig. 4) based on
the channel state information included in the datagram,
wherein the signal transmission is identified by the identi-
fier of the datagram. In other words, the identifier identi-
fies which predefined set of UEs will be cooperating on which
resources. For example, the above-described unique identifier
identifies a CA and the frame number identifies the signal

transmission in the CA.
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Usage of the channel state information included in the data-
gram for the signal transmission may be determined based on
the time stamp included in the datagram. In case the time
stamp indicates that the life time of the channel state in-
formation has expired, old channel state information used in
a previous signal transmission may be used for the signal
transmission. In case there is no channel state information
available for the signal transmission, precoder weights may
be used for the signal transmission, which may be exchanged
between the apparatuses 10a, 10b by the interfaces 13a, 13b
over the link 30. The apparatuses 10a, 10b may also exchange
information by the interfaces 13a, 13b over the link 30 which
may be used for deciding to switch off at least one of the
jointly processed data streams between the apparatuses 10a,

10b and the at least one user equipment 20.

It is to be noted that each apparatus 10a, 10b may calculate
a precoder matrix including precoder weights for each base
station serving the jointly processed data streams, and user
equipments are aware of channels (data streams) on which they

are served.

The apparatuses 10a, 10b may operate in a first operation
mode in which the signal transmission is determined based on
the channel state information, and a second operation mode in

which static precoding is used for the signal transmission.

According to an embodiment of the invention, an apparatus
comprises obtaining means for obtaining channel state infor-
mation for jointly processed data streams of a coordinated
multi-point transmission, the channel state information being
in a predetermined order, arranging means for arranging the
channel state information in the predetermined order into a
datagram, and transmitting means for transmitting the data-
gram to at least one base station of a plurality of base sta-

tions which serve the jointly processed data streams. The ap-
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paratus may further comprise first determining means for de-
termining a life time of the channel state information, and
the arranging means may be for arranging a time stamp indi-
cating the life time of the channel state information into
the datagram. The arranging means may further be for arrang-
ing an identifier into the datagram which indicates a signal
transmission on at least one of the jointly processed data
steams. The apparatus may be one of the plurality of base

stations.

The apparatus may comprise apparatus 10a, 10b (or base sta-
tion BS 10a, BS 10b), the obtaining means, first determining
means and arranging means may comprise processor lla, 1lb,

and the transmitting means may comprise interface 13a, 13b.

The apparatus may further comprise first receiving means for
receiving the channel state information in the predetermined
order from at least one user equipment of user equipments
served by the jointly processed data streams. The first re-

ceiving means may comprise transceiver 1l4a, 14b.

The apparatus may comprise second receiving means for receiv-
ing a datagram including channel state information in the
predetermined order from at least one base station of the
plurality of base stations which serve the jointly processed
data streams. The second receiving means may also be for re-
ceiving a datagram including channel state information and a
timestamp indicating a life time of the channel state infor-
mation. The second receiving means may further be for receiv-
ing a datagram including channel state information, a time-
stamp indicating a life time of the channel state information
and an identifier identifying a signal transmission on at
least one of the jointly processed links. The second receiv-

ing means may comprise interface 13a, 13b.
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The apparatus may comprise second determining means for de-
termining signal transmission on at least one of the jointly
processed data streams based on the channel state information
included in the datagram, wherein the signal transmission may
be identified by the identifier of the datagram. The second

determining means may comprise processor lla, 1lb.

The apparatus may comprise deciding means for deciding
whether to use the channel state information included in the
datagram for the signal transmission, based on the time stamp
included in the datagram. The deciding means may comprise

processor 1lla, 1lb.

The deciding means may be for deciding to use old channel
state information used in a previous signal transmission for
the signal transmission, in case the time stamp indicates
that the life time of the channel state information has ex-

pired.

The apparatus may comprise communicating means for communi-
cating precoder weights between the apparatus and at least
one base station of the plurality of base stations which
serve the jointly processed data streams, and the deciding
means may be for deciding to use the precoder weights for the
signal transmission in case there is no channel state infor-
mation available for said signal transmission. The communi-

cating means may comprise interface 13a, 13b.

The communicating means may be for communicating information
between the apparatus and at least one base station of the
plurality of base stations which serve the jointly processed
data streams, and the apparatus may further comprise switch-
ing means for switching off at least one of the jointly proc-
essed data streams between the apparatus and the at least one

user equipment served by the jointly processed data streams
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based on the information. The switching means may comprise

processor 1lla, 1lb.

The apparatus may comprise operating means for operating the
apparatus in a first operation mode in which the signal
transmission is determined based on the channel state infor-
mation, and a second operation mode in which static precoding
is used for the signal transmission. The operating means may

comprise processor 1lla, 1lb.

The transmitting means and the second receiving means may be
for transmitting/receiving the datagram using user datagram

protocol and internet protocol.

Each of the plurality of base stations may have a cell iden-
tification, wherein the channel state information from a user
equipment of a plurality of user equipments served by the

jointly processed data streams is obtained in the form

[[TX1 ... TXmlcen idt --- [TX1 ... TXn]cen iok ]

with cell i1dl < .. < cell idk,

wherein [TXm]eel ik represents channel state information for

transmitter antenna m of base station with cell idk, [TXn]cell idk
represents channel state information for transmitter antenna
n of base station with cell idk, k being an integer equal to
or greater than 2, and m and n being integers equal to or

greater than 1, wherein the channel state information for the
plurality of base stations serving the user equipment are ar-

ranged in an ascending order of the cell identifications.

According to an embodiment of the invention, a user equipment
comprises obtaining means for obtaining channel state infor-
mation for base stations serving the user equipment according

to a coordinated multi-point transmission, and arranging
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means for arranging the channel state information in a prede-
termined order, and transmitting means for transmitting the

channel state information in the predetermined order.

The user equipment may comprise user equipment 20 (or UE 20a,
20b), the obtaining means may comprise processor 21 and the

transmitting means may comprise transceiver 23.

The arranging means may be for arranging the channel state

information in the form

[[TX1 ... TXmlcen id1 -.- [TX1 ... TXn]cell idk ]

with cell i1dl < .. < cell idk,

wherein [TXm]eel ik represents channel state information for
transmitter antenna m of base station with cell idk, [TXn]cell idk
represents channel state information for transmitter antenna
n of base station with cell idk, k being an integer equal to
or greater than 2, and m and n being integers equal to or
greater than 1, wherein the processor is configured to ar-
range the channel state information for the base stations
serving the user equipment in an ascending order of cell

identifications of the base stations.

The various embodiments may be implemented in hardware or
special purpose circuits, software (computer readable in-
structions embodied on a computer readable medium), logic or
any combination thereof. For example, some aspects may be im-
plemented in hardware, while other aspects may be implemented
in firmware or software which may be executed by a control-
ler, microprocessor or other computing device, although the

invention 1s not limited thereto.

Embodiments of the inventions may be practiced in wvarious

components such as integrated circuit modules. The design of
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integrated circuits is by and large a highly automated proc-
ess. Complex and powerful software tools are available for

converting a logic level design into a semiconductor circuit
design ready to be etched and formed on a semiconductor sub-

Strate.

Programs, such as those provided by Synopsys, Inc. of Moun-
tain View, California and Cadence Design, of San Jose, Cali-
fornia automatically route conductors and locate components
on a semiconductor chip using well established rules of de-
sign as well as libraries of pre-stored design modules. Once
the design for a semiconductor circuit has been completed,
the resultant design, in a standardized electronic format
(e.g., Opus, GDSII, or the like) may be transmitted to a

semiconductor fabrication facility or "fab" for fabrication.

It is to be understood that the above description is illus-
trative of the invention and is not to be construed as limit-
ing the invention. Various modifications and applications may
occur to those skilled in the art without departing from the
true spirit and scope of the invention as defined by the ap-

pended claims.
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CLAIMS:

1. An apparatus comprising:
a processor configured to
obtain channel state information for jointly proc-
essed data streams of a coordinated multi-point transmission,
the channel state information being in a predetermined order,
and
arrange the channel state information in the prede-
termined order into a datagram; and
an interface configured to transmit the datagram to at
least one base station of a plurality of base stations which

serve the jointly processed data streams.

2. The apparatus of claim 1, wherein the processor is config-
ured to determine a life time of the channel state informa-
tion, and arrange a time stamp indicating the life time of
the channel state information and/or an identifier identify-
ing a signal transmission on at least one of the jointly

processed data streams into the datagram.

3. The apparatus of claim 1 or 2, comprising a transceiver
configured to receive the channel state information in the
predetermined order from at least one user equipment of user

equipments served by the jointly processed data streams.

4., The apparatus of any one of claims 1 to 3, wherein the in-
terface is configured to receive a datagram including channel
state information in the predetermined order from at least
one base station of the plurality of base stations which

serve the jointly processed data streams.

5. The apparatus of claim 4, wherein the interface is config-
ured to receive the datagram including an identifier identi-
fying a signal transmission on at least one of the jointly

processed data streams and/or a timestamp indicating a life
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time of the channel state information included in the data-

gram.

6. The apparatus of any one of claims 1 to 5, wherein the
processor is configured to determine signal transmission on
at least one of the jointly processed data streams based on

the channel state information included in the datagram.

7. The apparatus of claim 6 when dependent on claim 2 or b5,
wherein the processor is configured to decide whether to use
the channel state information included in the datagram for
the signal transmission, based on the time stamp included in

the datagram.

8. The apparatus of claim 7, wherein the processor is config-
ured to use old channel state information used in a previous
signal transmission for the signal transmission, in case the
time stamp indicates that the life time of the channel state

information has expired.

9. The apparatus of any one of claims 6 to 8, wherein the in-
terface is configured to communicate precoder weights between
the apparatus and at least one base station of the plurality
of base stations which serve the jointly processed data

streams, and the processor is configured to use the precoder
weights for the signal transmission in case there is no chan-

nel state information available for said signal transmission.

10. The apparatus of any one of the preceding claims, wherein
the interface is configured to communicate information be-
tween the apparatus and at least one base station of the plu-
rality of base stations which serve the jointly processed
data streams, and the processor is configured to switch off
at least one of the jointly processed data streams between
the apparatus and at least one user equipment served by the

jointly processed data streams based on the information.



10

15

20

25

30

35

WO 2011/023216 PCT/EP2009/060855
22

11. The apparatus of claim 6, wherein the processor is con-
figured to operate in a first operation mode in which it de-
termines the signal transmission based on the channel state
information, and a second operation mode in which it uses

static precoding for the signal transmission.

12. The apparatus according to any one of the preceding
claims, wherein the interface is configured to communicate
the datagram using user datagram protocol and internet proto-

col.

13. A user equipment comprising:

a processor configured to obtain channel state informa-
tion for base stations serving the user equipment according
to a coordinated multi-point transmission, and arrange the
channel state information in a predetermined order; and

a transceiver configured to transmit the channel state

information in the predetermined order.

14. A method comprising:
obtaining channel state information for Jjointly

processed data streams of a coordinated multi-point transmis-
sion, the channel state information being in a predetermined
order;

arranging the channel state information in the predeter-
mined order into a datagram; and

transmitting the datagram to at least one base station
of a plurality of base stations which serve the jointly proc-

essed data streams.

15. The method of claim 14, comprising:

determining a life time of the channel state informa-
tion; and

arranging a time stamp indicating the life time of the

channel state information and/or an identifier identifying a
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signal transmission on at least one of the jointly processed

data streams into the datagram.

16. The method of claim 14 or 15, comprising:
receiving the channel state information in the predeter-
mined order from at least one user equipment of user equip-

ments served by the jointly processed data streams.

17. The method of any one of claims 14 to 16, comprising:
receiving a datagram including channel state information

in the predetermined order from at least one base station of

the plurality of base stations which serve the jointly proc-

essed data streams.

18. The method of claim 17, comprising:

receiving the datagram including an identifier identify-
ing a signal transmission on at least one of the jointly
processed data streams and/or a timestamp indicating a life
time of the channel state information included in the data-

gram.

19. The method of any one of claims 14 to 18, comprising:
determining signal transmission on at least one of the
jointly processed data streams based on the channel state in-

formation included in the datagram.

20. The method of claim 19 when dependent on claim 15 or 18,
comprising:

deciding whether to use the channel state information
included in the datagram for the signal transmission, based

on the time stamp included in the datagram.

21. The method of claim 20, wherein old channel state infor-
mation used in a previous signal transmission are used for

the signal transmission, in case the time stamp indicates
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that the life time of the channel state information has ex-

pired.

22. The method of any one of claims 19 to 21, comprising:
receiving/transmitting precoder weights from/to at least
one base station of the plurality of base stations which
serve the jointly processed data streams, wherein the pre-
coder weights are used for the signal transmission in case
there is no channel state information available for said sig-

nal transmission.

23. The method of any one of claims 14 to 22, comprising:
receiving/transmitting information from/to at least one
base station of the plurality of base stations which serve
the jointly processed data streams; and
switching off at least one of the jointly processed data
streams to at least one user equipment served by the jointly

processed data streams based on the information.

24. The method of claim 19, wherein in a first operation mode
the signal transmission is determined based on the channel
state information, and in a second operation mode static pre-

coding is used for the signal transmission.

25. The method according to any one of claims 14 to 24,
wherein the datagram is transmitted/received using user data-

gram protocol and internet protocol.

26. A method comprising:

obtaining channel state information for base stations
serving a user equipment according to a coordinated multi-
point transmission;

arranging the channel state information in a predeter-
mined order; and

transmitting the channel state information in the prede-

termined order.
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27. A computer program product including a program for a
processing device, comprising software code portions for per-
forming the steps of any one of claims 14 to 26 when the pro-

gram is run on the processing device.

28. The computer program product according to claim 27,
wherein the computer program product comprises a computer-
readable medium on which the software code portions are

stored.

29. The computer program product according to claim 27,
wherein the program is directly loadable into an internal

memory of the processing device.
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