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CSI-RS TRANSMISSION

TECHNICAL FIELD

Embodiments presented herein relate to obtaining channel state information

in mobile communications networks. Embodiments presented herein

particularly relate obtaining channel state information with respect to a

plurality of coordinated antennas in mobile communications networks.

BACKGROUND

In mobile communications networks, there is always a challenge to obtain

good performance and capacity for a given communications protocol, its

parameters and the physical environment in which the mobile

communications network is deployed.

In mobile communications networks, channel state information (CSI) refers

to channel properties of a communication link. This information describes

how a signal propagates from a transmitting device to a receiving device. The

CSI may be used to adapt transmissions to current channel conditions by the

receiving device sending CSI feedback reports to the transmitting device.

In Release 8 and 9 of the 3GPP (3rd Generation Partnership Project) LTE

(Long Term Evolution) standard the UE (User Equipment) base the CSI

feedback reports on measurements on the CRS (Cell-specific Reference

Symbols), see "Physical Channel and Modulation (Release 8), 3GPP TS

36.211". In LTE the transmitted downlink signal consists of a number of

subcarriers for a duration of a number of OFDM (orthogonal frequency-

division multiplexing) symbols. The downlink signal can be represented by a

resource grid. Each component within the grid represents a single subcarrier

for one symbol period and is referred to as a resource element (RE). In

MIMO (multiple-input and multiple-output) applications, there generally is a

resource grid for each transmitting antenna. The locations in the RE grid,

where CRS are transmitted is cell-specific. This means that for some pairs of

time synchronized cells the CRSs are overlapping (colliding), while for other

pairs the CRSs are non-colliding.



In Release 10 of the 3GPP specifications so-called CSI-RS (channel state

information reference symbols) were introduced, see "Physical Channel and

Modulation (Release 10), 3GPP TS 36.211". The CSI reference resource is

defined in LTE as the subframe for which the UE, to the best of its

knowledge, shall report the channel state for in a specific report. See TS

36.213 Section 7.2.3. The CSI-RS enable UE-specific weights to be applied to

the RS for UE channel measurement purposes according to the CSI feedback.

In general terms the CSI-RS are transmitted on a configurable set of resource

elements within a subframe, defined by the CSI-RS configuration (so-called

resource Config). Further, the CSI-RS are transmitted with a given periodicity

(and offset) defined by the parameter
CSI RS

(subframe Config). When CSI-RS

are transmitted, the network node (in LTE defined by the so-called evolved

Node B, eNB) does not transmit any data. This means that the only

interference occurring on the CSI-RS will be inter-cell interference (i.e.

originating from a network node in another cell). A number of essentially

orthogonal CSI-RS configurations (i.e., a set of RE used to send the CSI-RS)

are possible to set up.

As specified in "Physical layer procedures (Release 10), 3GPP TS 36.213", for

a given cell there is at most one CSI-RS configuration where the UE shall

assume non-zero transmission power. Further, for a given cell there are zero

or more configurations where the UE shall assume zero transmission power;

that is, where the UE will not try to receive data but the data channel is rate

match around the associated resource elements.

In view of the above there is a need for improved channel state information

provision.

SUMMARY

An object of embodiments herein is therefore to provide for improved

channel state information provision. As noted above the CSI-RS are

transmitted on a configurable set of resource elements within a subframe.

However, the network nodes (i.e., the eNB:s) may not necessarily know

exactly when the UE applies a new configuration. Further, the extensive time



duration required for applying a new configuration may result in that the CSI

is obsolete once applied by the UE. A particular object of embodiments herein

is therefore to provide a method of obtaining channel state

information, CSI, particularly with respect to a plurality of coordinated

antennas.

According to a first aspect there is provided a method of obtaining channel

state information, CSI, with respect to a plurality of coordinated antennas.

The method is performed in a control node. The method comprises

transmitting, by said plurality of antennas, according to different CSI-RS

transmit configurations and at different points in time, channel state

information reference symbols, CSI-RS. At a first time instance a CSI report

from at least one user equipment, UE, is received. Based on the CSI report

being received at said first time instance, said received CSI report is

associated with a specific CSI-RS transmit configuration of the different CSI-

RS transmit configurations.

Advantageously, a CSI report received from a UE is thereby by the control

node coupled to a particular CSI-RS transmission of a TP. Reception of CSI

reports related to a particular TP is thereby enabled. The CSI-RS are

preferably transmitted at different points in time from the different TPs (or

groups of TPs). A CSI report from a UE may then be triggered such that it

reflects a CSI-RS received at a particular one of the different points in time.

Advantageously, transmission of PDSCH may thereby be disconnected from

the CSI-RS transmissions. Further, advantageously, the transmission of CSI-

RS from different transmission points is for pure CSI reporting purposes and

hence does not impose any restriction on the transmission of the PDSCH.

This is different from so-called coordinated beamforming/switching where

PDSCH transmission is tightly connected to the transmission scheme of the

reference symbols for CSI estimation.

There is also provided a control node for obtaining channel state

information, CSI, with respect to a plurality of coordinated antennas. The



control node comprises a plurality of antennas arranged to transmit channel

state information reference symbols, CSI-RS, according to different CSI-RS

transmit configurations and at different points in time. The control node

further comprises a receiver arranged to, at a first time instance, receive a CSI

report from at least one user equipment. The control node further comprises

a processing unit arranged to associate, based on said CSI report being

received at said first time instance, said received CSI report with a specific

CSI-RS transmit configuration of the different CSI-RS transmit

configurations.

According to embodiments the network node is an Evolved Node B.

According to a second aspect there is provided a method of providing

configuration of transmissions of channel state information reference

symbols, CSI-RS, to a group of coordinated transmission points, TPs. The

method is performed in a control node. CSI-RS transmit configurations are

determined. The transmit configurations assign the CSI-RS for different sub

groups in a group of coordinated transmission points, TPs, to be transmitted

at different points in time and the CSI-RS for all TPs in each sub-group to be

transmitted simultaneously. TPs in the group of coordinated TPs are

provided with the determined transmit configurations.

There is also provided a computer program. The computer program

comprises computer program code which, when run on a control node,

causes the control node to perform a method according to the first and/or

second aspect. There is also provided a computer program product

comprising the computer program and a computer readable means on which

the computer program is stored.

Other objectives, features and advantages of the enclosed embodiments will

be apparent from the following detailed disclosure, from the attached

dependent claims as well as from the drawings.

Generally, all terms used in the claims are to be interpreted according to their

ordinary meaning in the technical field, unless explicitly defined otherwise



herein. All references to "a/an/the element, apparatus, component, means,

step, etc." are to be interpreted openly as referring to at least one instance of

the element, apparatus, component, means, step, etc., unless explicitly stated

otherwise. The steps of any method disclosed herein do not have to be

performed in the exact order disclosed, unless explicitly stated.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now described, by way of non-limiting examples, with refer

ence to the accompanying drawings, in which:

Figs l and 2 are schematic diagrams illustrating prior art mobile

communications networks;

Fig 3 is a schematic diagram showing functional modules of a control node;

Fig 4 shows one example of a computer program product comprising

computer readable means;

Figs 5-7 are schematic diagrams illustrating mobile communications

networks where embodiments presented herein may be applied; and

Figs 8 and 9 are flowcharts of methods according to embodiments.

DETAILED DESCRIPTION

The invention will now be described more fully hereinafter with reference to

the accompanying drawings, in which certain embodiments of the invention

are shown. This invention may, however, be embodied in many different

forms and should not be construed as limited to the embodiments set forth

herein; rather, these embodiments are provided by way of example so that

this disclosure will be thorough and complete, and will fully convey the scope

of the invention to those skilled in the art. Like numbers refer to like

elements throughout the description.

Fig 1 is a schematic diagram illustrating a mobile communications network

la. The mobile communications network la may generally comply with any

one or a combination of W-CDMA (Wideband Code Division Multiplex), LTE



(Long Term Evolution), EDGE (Enhanced Data Rates for GSM Evolution,

Enhanced GPRS (General Packet Radio Service)), CDMA2000 (Code

Division Multiple Access 2000), etc., as long as the principles described

hereinafter are applicable. Preferably the network la is an Evolved Universal

Terrestrial Radio Access (E-UTRA) network. The mobile communications

network la comprises network nodes 20, transmission points (TP) 8, and a

user equipment (UE ) 10.

Typically the E-UTRA network consists only of network nodes 20 in the form

of eNodeBs (E-UTRAN NodeB, also known as Evolved NodeB) on the

network side. A traditional NodeB typically has minimum functionality, and

is controlled by an RNC (Radio Network Controller). NodeB is a term used in

UMTS (Universal Mobile Telecommunications System) equivalent to the BTS

(base transceiver station) description used in the Global System for Mobile

Communications (GSM). It is the hardware that is connected to the mobile

phone network that communicates directly with the UE 10. The eNodeB (as

represented by the network node 20 in Fig 1) performs tasks similar to those

performed together by the NodeBs and the RNC (radio network controller) in

UTRA. The aim of the E-UTRA simplification is generally to reduce the

latency of radio interface operations. eNodeBs are typically connected to each

other via the so-called X2 interface, and they connect to the packet switched

(PS) core network 5 via the so-called Si interface. In E-UTRA the mobile

communications terminal is termed User Equipment (UE) but it may also be

known as mobile terminal, user terminal, user agent, etc.

By a Transmission Point (TP) is denoted a set of antennas covering

essentially the same geographical area in the same manner. Thus, a TP may

correspond to one of the sectors at a site, but it may also correspond to a site

having one or more antennas, all intending to cover a similar geographical

area. Often, different TPs represent different sites. Antennas correspond to

different TPs when they are sufficiently geographically separated and/or have

antenna diagrams pointing in sufficiently different directions. Although the

present disclosure focuses mainly on downlink CSI-RS transmissions, it

should be appreciated that in general, a TP may also function as a reception



point whereby the TP wirelessly receives communication signals from one or

more UE 10.

In scenarios where UEs 10 are highly clustered, one or more low-output

power micro (or pico) sites could be used to complement a macro site

providing basic coverage of a cell. A macro cell 22 is a cell in a mobile

communications network that provides radio coverage served by a high

power conventional network node 20 (at the macro site) that use dedicated

backhaul and is open to public access. A micro (or pico) cell 24, 26 is a cell in

a mobile communications network served by a low power network node (at

the micro/pico sites) that use dedicated backhaul connections and is open to

public access. Typically a micro cell transmits at around 5W and a pico cell

transmits at around 1W. Traditionally, a UE 10 connects to the network node

from which the downlink signal strength is the strongest. In Fig 1, the areas

24, 26 are those in which the signal from the corresponding micro node (as

represented by the TP in the middle of each area 24, 26) is the strongest. UEs

10 in these zones preferably connect to the TP of the appropriate low-power

node. In such a heterogeneous network deployment the network nodes (eNB)

typically transmit with different power levels.

The transmission of different power levels often leads to imbalance problems

around low power (micro or pico) nodes since the high-power (macro) node

is selected as the serving cell since received signal strength is higher,

although the pathloss to the low-power node is lower. To offload the macro

(high-power) node and also improve the uplink (UL) performance (i.e. the

transmission from UE 10 to eNB), cell-selection offset, also known as cell

Range Expansion, can be used. However, applying range expansion leads to

that downlink (DL) performance (i.e. the transmission from eNB to UE 10)

may suffer due to a stronger signal from a non-serving cell. The shared cell

concept provides means for decoupling of DL and UL without these

problems. In the shared cell concept high-power and low power nodes form a

common cell 28, see Fig 2. Fig 2 illustrates a mobile communications

network lb comprising a network node 20, transmission points (TPs) 8, and a

UE 10. In Fig 2 one of the TPs 8 may represent a high-power node and the



other of the TPs 8 may represent a low-power node, the two TPs thus forming

a common shared cell 28.

The shared cell scenario could be improved by enabling operation involving

multi-point operations schemes. In the shared cell scenario it may thus be

desirable to enable and select between different multi-point operations

schemes. For example, for joint transmission two or more transmission

points could be enabled to send the same information to a common UE 10.

For example, for SDM (Spatial Division Multiplexing) two or more

transmission points could be enabled to transmit during the same TTI

(Transmission Time Interval) whilst each transmission point is sending to at

most one UE 10. Further, in a shared cell scenario it would also be desirable

for the scheduler to obtain CSI information with respect to each transmission

point and with respect to each combination of multi-point operation scheme.

However, even with support of Release 10 of the 3GPP specifications the UE

10 can be configured with at most one CSI-RS configuration and several so-

called zero-power CSI-RS where the UE 10 shall assume no PDSCH (Physical

Downlink Shared Channel) transmission. Additionally, the CSI-RS

configurations are UE-specific, meaning that the different CSI-RS may be

sent in different time/frequency instances.

Fig 3 schematically illustrates, in terms of a number of functional modules,

the components of a control node 2. Since, as noted above, the control node 2

(or at least the functionality related to the control node 2) may be part of (or

implemented in) an eNB 20, the functional modules of the control node 2

may also be part of (or implemented in) an eNB 20. A processing unit 4 is

provided using any combination of one or more of a suitable central

processing unit (CPU), multiprocessor, microcontroller, digital signal

processor (DSP), application specific integrated circuit (ASIC) etc., capable of

executing software instructions stored in a computer program product 32 (as

in Fig 4), e.g. in the form of a memory 36. Thus the processing unit 4 is

thereby preferably arranged to execute methods as herein disclosed. The

memory 36 may comprise persistent storage, which, for example, can be any



single one or combination of magnetic memory, optical memory, solid state

memory or even remotely mounted memory. The control node 2 further

comprise a communications interface in the form of a transmitter and a

receiver, TX/RX 6, for communicating with the core network, with other

network nodes, such as other control nodes, and with transmission points 8.

The TX/RX 6 generally comprises analogue and digital components forming

the functionalities of a transmitter and a receiver, a network interface for

wired communications and/or a suitable number of antennas for radio

communication with user equipment (UE) 10 within one or more radio cells.

The processing unit 4 controls the general operation of the control node 2,

e.g. by sending control signals to the TX/RX 6 and receiving reports from the

TX/RX 6 of its operation. Other components, as well as the related

functionality, of the control node 2 are omitted in order not to obscure the

concepts presented herein.

Figs 8 and 9 are flow charts illustrating embodiments of methods of

obtaining channel state information, CSI, with respect to a plurality

of coordinated antennas. The methods are preferably performed in the

control node 2. According to embodiments the control node 2 (or at least the

functionality related to the control node 2) is part of (or implemented in) an

eNB 20. The methods are advantageously provided as computer programs

30. Fig 4 shows one example of a computer program product 32 comprising

computer readable means 34. On this computer readable means 34, a

computer program 30 can be stored, which computer program 30 can cause

the processing unit 4 and thereto operatively coupled entities and devices,

such as the memory 36 and the TX/RX 6 to execute methods according to

embodiments described herein. In the example of Fig 4, the computer

program product 32 is illustrated as an optical disc, such as a CD (compact

disc) or a DVD (digital versatile disc) or a Blu-Ray disc. The computer

program product could also be embodied as a memory (RAM, ROM, EPROM,

EEPROM) and more particularly as a non-volatile storage medium of a

device in an external memory such as a USB (Universal Serial Bus) memory.

Thus, while the computer program 30 is here schematically shown as a track



on the depicted optical disk, the computer program 30 can be stored in any

way which is suitable for the computer program product 32.

Fig 5 is a schematic diagram illustrating a mobile communications network

3a comprising a control node 2 and two transmission points: TP 8a and TP

8b. A UE 10 is in communications with TP 8b. The UE 10 within the cell is

configured with one CSI-RS resource, where the transmission of the CSI-RS

is looped between the TPs. In Fig 5 the fact that TP 8a and TP 8b transmit

CSI-RS in different time slot is schematically illustrated by reference

numerals 12 and 14 (hence reference numerals 12 and 14 do not correspond

to the cell coverage of the TPs). The UE 10 is may be configured to report

CSI-RS with the same periodicity as the CSI-RS is hopping (for example, as in

Fig 5 between TP 8a and TP 8b). However, in general, the CSI-RS can be

transmitted from a TP multiple times before hopping to a next TP. For

example, first there are two CSI-RS transmissions from TP#i, then two CSI-

RS transmissions from TP#2, then again two CSI-RS transmissions from

TP#i, and so on. Thereby two consecutive CSI reports per TP without

"hopping" may be obtained. Transmitting the CSI-RS from a TP multiple

times before hopping to a next TP may be used for example if a UE 10 is not

able to handle fast hopping of the CSI-RS or if detailed fast "sampled" CSI is

desired. Then, each TP transmits one (or more) static (non-hopping) CSI-RS

and one or more slowly hopping CSI-RS. A UE 10 may (as in 3GPP LTE

Release 11 and beyond) be configured with a few static CSI-RS corresponding

to transmission schemes that are currently preferable for fast selection there

between. The hopping CSI-RS are then used for evaluating new transmission

schemes to be included in a set of fast selectable transmission schemes.

Hence the enclosed embodiments readily apply also where UEs are not "well-

behaved".

The enclosed embodiments may readily apply in a shared cell scenario. For

example, assume a shared cell scenario with one high-power transmission

point TP 8a and two lower-power transmission points 8b and 8c in a shared

cell 18 as illustrated in the mobile communications network 3b of Fig 6. The

UE 10 within the cell is configured with one CSI-RS resource determined by



the control node 2, where the transmission of the CSI-RS is looped between

two TP groups, where TP 8a forms a first TP group and TP 8b and TP 8c form

a second TP group. In Fig 6 the fact that TP 8a in the first group and TP 8b

and TP 8c in the second group transmit CSI-RS in different time slot is

schematically illustrated by reference numerals 12 and 14.

Assuming that the UE 10 does not perform excessive time-interpolation

between CSI-RS transmissions, the channel estimation will at the time of the

reporting correspond to that of the TP that most recently transmitted the

CSI-RS. According to embodiments a UE 10 autonomously avoids time-

interpolation in the channel estimation if the CSI-RS is hopping, since that

inherently will cause the UE 10 to estimate a very high Doppler for the CSI-

RS, which should reduce the time-interpolation window to close to zero. A

method of obtaining channel state information, CSI, with respect to a

plurality of coordinated antennas 8 thus comprises in a step S2 transmitting,

by the plurality of antennas, according to different CSI-RS transmit

configurations and at different points in time, channel state information

reference symbols, CSI-RS. At a first time instance a CSI report from at least

one user equipment, UE 10 is received, step S4. Based on the CSI report

being received at the first time instance the received CSI report is in a step S6

associated with a specific CSI-RS transmit configuration of the different CSI-

RS transmit configurations. Hence, specific CSI-RS transmissions from TPs

are thereby related to reception of CSI reports for those specific CSI-RS

transmissions. The CSI-RS transmit configurations each define a mapping

from CSI-RS ports to the plurality of coordinated antennas. A CSI-RS

transmit configuration thus specifies a certain mapping of CSI-RS ports to

the different antennas at different transmission points, TPs. The steps of

receiving and associating should be interpreted as triggering and receiving

CSI reports in a desired manner.

Scheduling transmission of a CSI report from the at least one UE 10, step S8,

may be performed prior to the step of receiving in step S4. The CSI report

may be scheduled so that the CSI report corresponds to a particular CSI-RS

transmit configuration.



The association of the specific CSI-RS transmit configuration may comprises

determining a CSI reference resource of the CSI report. The specific CSI-RS

transmit configuration may then correspond to the CSI-RS transmit

configuration being active prior to and including the CSI reference resource.

The CSI reference resource is defined in LTE as the subframe for which the

UE 10, to the best of its knowledge, shall report the channel state for in a

specific report, see TS 36.213 Section 7.2.3. The specific CSI-RS transmit

configuration may furthermore be associated with a subframe belonging to

the same subframe set as the CSI reference resource.

The CSI-RS transmit configurations used during the transmitting in step S2

may be provided in a number of ways. For example, in a step Sio the CSI-RS

transmit configurations are determined. According to embodiments, the

transmit configurations assign the CSI-RS for different sub-groups (12, 14,

16) in a group of coordinated transmission points, TPs, to be transmitted at

different points in time and the CSI-RS for all TPs in each sub-group to be

transmitted simultaneously. The determined transmit configurations may

then be provided, in a step S12, to TPs in the group of coordinated TPs. In

other words: transmission of the CSI-RS for a first sub-group of the

coordinated transmission points occur at a different point in time than

transmission of the CSI-RS for a second sub-group of the coordinated

transmission points. Steps Sio and S12 may define a method of providing

configuration of CSI-RS transmissions to a group of coordinated

transmission points.

For example, the CSI-RS configuration may be such that CSI-RS is sent in a

SSFN (System Sub Frame Number) such that (SSFN = 10 · SFN + SF, where

SFN is the System Frame Number and SF is the Sub Frame Number):

SSFN(n) =A
CSI

_R +n T
CSI

_R ,

where A
CSI

_ is the sub frame offset and T
CSI

_RS is the CSI-RS periodicity, and

where n is a variable indexing the transmission times for the CSI-RS. Then,

assuming that n=o is the first instance that the CSI-RS can be transmitted,



the CSI-RS will be transmitted at instances SSFN(0) =A
CSI

_RS ,

SSFN(1) =A
CSI

_RS +T
CSI

_RS , , SSFN(2) =A
CSI

_RS +2 T , , ... and so on for n =

o, 1, , ....

Further, the transmission of the CSI-RS can be divided between the group of

TPs according to

TP#o: n (mod K) = o

TP#i: n (mod K) = 1

TP#2: n (mod K) = 2

and so on for Kgroups of TPs. Note that each group of TPs may have only one

member (as for the embodiment illustrated in Figs 5 and 7) or at least one of

the TP groups may have at least two members (as for the embodiment

illustrated in Fig 6). Fig 7 is a schematic diagram illustrating a mobile

communications network 3c comprising a control node 2 and three

transmission points: TP 8a, TP 8b, and TP 8c. A UE 10 is in communications

with TP 8c. The UE 10 is configured with one CSI-RS resource, where the

transmission of the CSI-RS is looped between the TPs. In Fig 7 the fact that

TP 8a, TP 8b and TP 8c all transmit CSI-RS in different time slot is

schematically illustrated by reference numerals 12, 14 and 16. For example,

assume that TP 8a corresponds to TP#o, that TP 8b corresponds to TP#i,

and that TP 8c corresponds to TP#2. The transmission of the CSI-RS are thus

divided such that firstly TP 8a transmits the CSI-RS, secondly TP 8b

transmits the CSI-RS, and thirdly TP 8c transmits the CSI-RS.

The transmit configurations may be based on a number of parameters. For

example, the transmit configurations may be adapted based on the number of

UE 10 in the cell. Thus, in a step S18 an indication of the number of UE 10

currently associated with the group of coordinated TPs is received. The CSI-

RS transmit configurations may then be based on this number. The



indication received in step S18 may be based on received CSI-RS responses

from the number of UE 10.

The scheduling of CSI reports in step S8 may be triggered by the determined

transmit configurations. The CSI reports from at least one user equipment,

UE 10, are according to embodiments received, in a step S14, prior to

determining the transmit configurations in step Sio. Transmission of the CSI

reports by the UE 10 may then be triggered at time instances corresponding

to different transmissions of CSI-RS from different sub-groups of TPs.

Two types of triggering of CSI reports may be supported; a-periodic and

periodic. According to a-periodic triggering the UE 10 may get an uplink

grant for sending a CSI report. However, the CSI report may also be

multiplexed in the uplink transmission of data. Hence the uplink grant is not

a necessary condition for transmission of the CSI report. The grant is sent in

a downlink subframe and the type of the downlink subframe determines the

CSI type to be reported. This means that CSI-RS can be sent from a first

group of TPs and which triggers a CSI report according to the subframe type.

According to periodic triggering the UE 10 for 3GPP LTE Release 10 reports

two CSI reports with respect to the two subframe types. Other Releases of

3GPP LTE may allow different methods for triggering CSI reports. The

enclosed embodiments are not limited to the triggering mechanism in 3GPP

LTE Release 10. If the CSI-RS is sent during each report period, CSI-RS can

in a first period be transmitted from a first TP group and in a next report

period be transmitted from a second TP group.

According to an embodiment, at least a second CSI-RS that is not hopping is

transmitted by at least one of the TPs. Thus further CSI-RS transmit

configurations may also be determined and provided. Particularly, in a step

S20 further CSI-RS transmit configurations are determined. The further CSI-

RS transmit configurations are different from the previously determined CSI-

RS transmit configurations. TPs in the group of coordinated TPs may then be

provided, step S22 with the determined further CSI-RS transmit

configurations. For example, a UE 10 that does not behave well for hopping



CSI-RS may then be configured to measure on this second CSI-RS that show

a more predictable and robust behaviour. UEs 10 that may need such fall

back operation includes UEs 10 that estimates the Doppler based on, for

example, the CRS and assumes the same Doppler is applicable also for a CSI-

RS. Additionally, as noted above, static CSI-RS can be used to obtain CSI for

fast selectable multi-point transmission schemes, while slowly hopping CSI-

RS may be used for evaluating "new" multi-point transmission schemes to be

added in the set of fast selectable transmission schemes. Well behaved UEs

10 may thereby advantageously harvest the benefits of more advanced

coordinated network transmissions, whereas ill-behaved UEs 10 may still be

able to operate robustly without additional performance degradation. Two

different transmit configurations may thus be used simultaneously by the

same TPs. Put in other words, the further CSI-RS transmit configurations

may be used by the group of coordinated TPs simultaneously with the

previously determined CSI-RS transmit configurations. Advantageously the

further CSI-RS transmit configurations and the previously determined CSI-

RS transmit configurations differ so that collision between CSI-RS

transmissions from different TPs are non-colliding.

The TPs may have different number of antennas. For example, at least one

particular TP that is involved in the CSI-RS hopping may have more transmit

antennas than another TP. For the particular TP at least one CSI-RS port may

be muted. The CSI-RS transmit configurations may thus involve a CSI-RS

port of a TP to be muted. Further, the CSI-RS transmit configurations may

involve at least one further CSI-RS port of a further TP to be muted.

As foreshadowed above, it may be desirable to acquire CSI reports for

different transmission configurations. One such example is to configure CSI

feedback for different elevation beams in a mobile communications network

with UE-specific beamforming by utilizing a single CSI-RS that hops between

the beams. The CSI-RS transmit configurations may thus further relate to

one or more directions of elevation beams for transmissions of the CSI-RS.

Elevation beamforming may be used for improving the performance in a

network by not only apply precoding/beamforming of transmitted energy in



an azimuth direction but also apply precoding/beamforming of transmitted

energy in the elevation direction. The one or more directions may thus

include an azimuth direction and an elevation direction. This can improve the

received signal in a UE 10 since the transmitted energy can be pointed

towards the UE 10, but also implicitly reduce the inter cell interference. One

way of realizing elevation beamforming is to define a set of candidate beams

that a UE 10 can be assigned based on e.g., its position or which beam that

provides highest received power. Each such beam then behaves as a virtual

transmission point and a CSI-RS can be beamformed in elevation in

accordance with each such elevation beam. The UE 10 can then be configured

to provide feedback for each of the candidate elevation beamformers.

The UE 10 in the (shared) cell has one CSI reporting configuration. A Release

10 UE 10 may be enabled to measure the channel interference on CRS. This

means that the UE 10 will only "see" inter-cell inference. The CSI reported

will thus only reflect the channel and not the strength of intra-cell

interference caused by transmission from another transmission point (to

another UE 10). This means that if the scheduler applies SDM and perform

link adaption purely on reported CSI the select transport format is likely not

robust enough. Therefore, some backoff in the link adaptation (LA) may be

needed. Such a backoff may be fixed or may be selected based on estimating

the amount of interference caused by different multi-point schemes. SRS

(Sounding Reference Symbols) can, for example, be used to estimate the

strength of the intra-cell interference. When UE 10 sends the SRS, each

network node/transmission point can measure the received power to produce

an estimate of the path loss between the transmission points and the UE 10

(assuming reciprocal channel with respect to path loss). Using the path loss

estimates, the intra-cell interference caused by a particular multi-point

scheme could be estimated to produce a better backoff in the LA than a fixed

value. Alternatively, if a particular UE 10 reports a channel quality indicator

(CQI), precoding matrix indicator (PMI), and/or rank indicator (RI) for a

specific TP, the same report can also be used to estimate the interference

received if that TP is allocated to transmit to a different UE 10.



The determining in step S10 may involve location (in radio sense)

information of the UEs 10. Thus, in a step S16, information relating to

current position(s) of at least one user equipment, UE, associated with the

group of coordinated TPs is received. The determined transmit

configurations may then be dependent on the current position(s). For

example, if UEs 10 are close to only one TP there may be no need of sending

CSI-RS from multiple TPs simultaneously since transmission from another

TP to the UE 10 or joint transmission from the close TP and another TP is not

beneficial. In another other scenario some UEs 10 may be "close" to more

than one TP where the UEs 10 can be scheduled from one of the TPs or from

several TPs simultaneously. This means that selected scheduling information

of CSI-RS may depend on UE position. One such position measure could be

UE measurements on cell-specific reference symbols for handover. Another

could be measurement on UE transmitted Sounding Reference symbols

(SRS).

The UE 10 may also be capable to measure interference on an interference

measurement resource (IMR), corresponding to a configurable set of

resource elements. The IMR configurations for two UEs 10 are such that they

do not occur at the same time. This means that for an occurrence of an IMR,

zero or more (other) transmission points may send data to one or more UEs

10. This means that the scheduler may control the interference situation at

the time instances the UEs 10 estimate the interference. For example, to get

CSI reports corresponding when a particular UE 10 is scheduled alone in the

shared cell, the scheduler does not schedule any other UEs 10 when the

particular UE 10 has its IMR. IMRs corresponding to a configurable set of

resource element may be determined in a step S24. The IMRs are preferably

determined such that the IMRs and the CSI-RS transmit configurations are

non-overlapping. In a step S26 TPs in the group of coordinated TPs are

provided with the IMRs. For example, assume that CSI-RS and IMR for a

first UE 10 occurs at time instances ti, t2, t3, t4, t5, t6. The RE for CSI-RS

and IMR do not overlap. For second UE 10 the RE for the IMR of the first UE

10 is used for data by second UE 10. Now apply hopping CSI-RS where CSI-
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RS is sent from TPi in time instances ti, t3, t5 and from TP2 in time instances

t2, t4, t6. Then, by the scheduler controlled interference (by scheduling or

not scheduling the second UE 10 from TP2 (or some other TP)), the first UE

10 can be made to estimate the CSI (channel + interference) for the following

scenarios:

• First UE 10 scheduled on TPi alone (second UE 10 not scheduled) by

not scheduling second UE 10 in time instances ti, t3 or t5.

• First UE 10 scheduled on TPi at the same time as second UE 10

scheduled by scheduling second UE 10 from TP2 in time instances ti,

t3 or t5.

• First UE 10 scheduled on TP2 alone (second UE 10 not scheduled) by

not scheduling second UE 10 in time instances t2, t4 or t6.

• First UE 10 scheduled on TP2 at the same time as second UE 10

scheduled by scheduling second UE 10 from TPi in time instances t2,

t4 or t6.

Alternatively, the mobile communications network may configure a UE 10

with resource-restricted CSI measurements, which is available in LTE

Release 10. This restriction allows the mobile communications network to

partition the subframes in two groups in which the UE 10 shall estimate the

interference independently. The mobile communications network can thus

configure the UE 10 and the CSI-RS hopping such that the CSI reports for a

particular TP alternates between the two interference levels.

The invention has mainly been described above with reference to a few

embodiments. However, as is readily appreciated by a person skilled in the

art, other embodiments than the ones disclosed above are equally possible

within the scope of the invention, as defined by the appended patent claims.

For example, although the above embodiments have been disclosed in the

context of Releases 8, 9 and 10 of the 3GPP LTE standard, the embodiments

may also apply in other releases where UEs are capable of measuring several



CSI-RS. In such a scenario, the disclosed embodiments may be used to

evaluate more multi-point schemes than the supported number of CSI-RS

configurations. This may also allow the number of CSI-RS configurations to

be reduced.



CLAIMS

1. A method of obtaining channel state information, CSI, with respect to a

plurality of coordinated antennas (8), the method being performed in a

control node (2), comprising the steps of:

transmitting (S2), by said plurality of antennas, according to different

CSI-RS transmit configurations and at different points in time, channel state

information reference symbols, CSI-RS;

receiving (S4), at a first time instance, a CSI report from at least one

user equipment, UE (10); and

associating (S6), based on said CSI report being received at said first

time instance, said received CSI report with a specific CSI-RS transmit

configuration of the different CSI-RS transmit configurations.

2. The method according to claim 1, wherein the CSI-RS transmit

configurations each define a mapping from CSI-RS ports to said plurality

of coordinated antennas.

3. The method according to claim 1or 2, wherein the association of said

specific CSI-RS transmit configuration comprises determining a CSI

reference resource of said CSI report, and wherein said specific CSI-RS

transmit configuration corresponds to the CSI-RS transmit configuration

being active prior to and including said CSI reference resource.

4. The method according to claim 3, wherein said specific CSI-RS transmit

configuration is associated with a subframe belonging to the same subframe

set as the CSI reference resource.

5. The method according to any one of the preceding claims, further

comprising, prior to the step of receiving,

scheduling (S8) transmission of a CSI report from the at least one UE.

6. The method according to claim 5, wherein said CSI report is scheduled

so that the CSI report corresponds to a particular CSI-RS transmit

configuration.



7. The method according to any one of the preceding claims, further

comprising

determining (S10) CSI-RS transmit configurations, the transmit

configurations assigning the CSI-RS for different sub-groups (12, 14, 16) in a

group of coordinated transmission points, TPs, to be transmitted at different

points in time and the CSI-RS for all TPs in each sub-group to be transmitted

simultaneously; and

providing (S12) TPs in the group of coordinated TPs with determined

transmit configurations.

8 The method according to claim 7 when dependent on claim 5, wherein

scheduling of CSI reports is triggered by the determined transmit

configurations.

9. The method according to claim 8, further comprising, prior to

determining transmit configurations,

receiving (S14) the CSI reports from at least one UE, wherein

transmission of the CSI reports by the UE is triggered at time instances

corresponding to different transmissions of CSI-RS from different sub

groups of TPs.

10. The method according to claim 7, further comprising

receiving (S16) information relating to current position(s) of at least one

UE associated with the group of coordinated TPs, and wherein the

determined transmit configurations are dependent on the current position(s).

11. The method according to 10, wherein the current position(s) is/are

determined from received UE measurements on cell-specific reference

symbols for handover.

12. The method according to 11, wherein the current position(s) is/are

determined from sounding reference symbols, SRS, received from the at least

one UE.



13. The method according to any one of the preceding claims, wherein the

control node is part of an Evolved Node B (20).

14. The method according to claim 7, wherein the number of sub-groups is

two.

15. The method according to claim 14, wherein a first sub-group of said two

sub-groups at least comprises a macro node, and wherein a second sub-group

of said two sub-groups at least comprises a micro node.

16. The method according to claim 15, wherein said second sub-group

comprises at least two micro nodes.

17. The method according to claim 7, wherein two TPs in a sub-group have

different number of antennas.

18. The method according to claim 7, wherein the group of coordinated TPs

corresponds to TPs of a single network cell (18).

19. The method according to claim 18, wherein said single network cell is a

shared cell (28).

20. The method according to any one of the preceding claims, wherein the

CSI-RS transmit configurations supports transmission mode 9 in the 3rd

Generation Partnership Project, 3GPP.

21. The method according to any one of the preceding claims, wherein the

CSI-RS transmit configurations involve a CSI-RS port of a TP to be muted.

22. The method according to claim 21, wherein the CSI-RS transmit

configurations involve at least one further CSI-RS port of a further TP to be

muted.

23. The method according to claim 7, further comprising:

receiving (S18) an indication of the number of UE (10) currently

associated with the group of coordinated TPs, wherein the determined

transmit configurations are dependent on said number.



24. The method according to claim 23, wherein said indication is based on

received CSI-RS responses from the number of user equipment.

25. The method according to claim 7, further comprising:

determining (S20) further CSI-RS transmit configurations, the further

CSI-RS transmit configurations being different from previously determined

CSI-RS transmit configurations; and

providing (S22) TPs in the group of coordinated TPs with the

determined further CSI-RS transmit configurations.

26. The method according to claim 25, wherein the further CSI-RS transmit

configurations is to be used by the group of coordinated TPs simultaneously

with the previously determined CSI-RS transmit configurations.

27. The method according to claim26, wherein the further CSI-RS transmit

configurations and the previously determined CSI-RS transmit

configurations differ so that collision between CSI-RS transmissions from

different TPs are non-colliding.

28. The method according to any one of the preceding claims, wherein the

CSI-RS transmit configurations further relates to one or more directions of

elevation beams for transmissions of the CSI-RS.

29. The method according to claim 28, wherein the one or more directions

includes an azimuth direction and an elevation direction.

30. The method according to claim 7, further comprising:

determining (S24) interference measurement resources, IMRs, wherein

the IMRs correspond to a configurable set of resource element, wherein the

IMRs are determined such that the IMRs and the CSI-RS transmit

configurations are non-overlapping; and

providing (S26) TPs in the group of coordinated TPs with the IMRs.

31. A control node (2) for obtaining channel state information, CSI, with

respect to a plurality of coordinated antennas, comprising:

a plurality of antennas (8) arranged to transmit channel state



information reference symbols, CSI-RS, according to different CSI-RS

transmit configurations and at different points in time;

a receiver (6) arranged to, at a first time instance, receive a CSI report

from at least one user equipment, UE (10); and

a processing unit (4) arranged to associate, based on said CSI report

being received at said first time instance, said received CSI report with a

specific CSI-RS transmit configuration of the different CSI-RS transmit

configurations.

32. The control node (2) according to claim 31, wherein said network node

is an Evolved Node B (20).

33. A computer program (30) of obtaining channel state

information, CSI, with respect to a plurality of coordinated antennas (8),

comprising computer program code which, when run on a control node (2),

causes the control node to perform a method comprising:

transmitting (S2), by said plurality of antennas, according to different

CSI-RS transmit configurations and at different points in time, channel state

information reference symbols, CSI-RS;

receiving (S4), at a first time instance, a CSI report from at least one

user equipment, UE (10); and

associating (S6), based on said CSI report being received at said first

time instance, said received CSI report with a specific CSI-RS transmit

configuration of the different CSI-RS transmit configurations

34. A computer program product (32) comprising a computer program (30)

according to claim 33 and a computer readable means (34) on which the

computer program is stored.
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