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(57) Abstract: [0055] A method includes, in a mobile communication terminal (24), receiving from at least first and second base
stations (28A, 28B), which cooperate in a coordinated transmission scheme, signals that are transmitted over respective first and

o second communication channels. Respective channel measures are calculated for the communication channels based on the re
ceived signals. First and second feedback data, which are indicative of the respective channel measures of the first and second

o communication channels, are formulated such that the first feedback data has a first data size and the second feedback data has a
second data size, different from the first data size. The first and second feedback data are transmitted from the mobile communica
tion terminal to at least one of the base stations.



ASYMMETRICAL FEEDBACK FOR COORDINATED TRANSMISSION SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application

61/259,595, filed November 9, 2009, whose disclosure is incorporated herein by reference.

FIELD OF THE DISCLOSURE

[0002] The present invention relates generally to communication systems, and

particularly to methods and systems for providing feedback regarding communication

channels.

BACKGROUND

[0003] Some Multiple-Input Multiple-Output (MIMO) communication systems use

cooperative transmission schemes, in which multiple base stations coordinate beamforming

and precoding decisions with one another. Coordinated transmission is also referred to as

coordinated beamforming or Coordinated Multipoint (CoMP). Coordinated transmission is

considered, for example, for Evolved Universal Terrestrial Radio Access (E-UTRA) systems,

also referred to as Long-Term Evolution (LTE), which are specified by the Third Generation

Partnership Project (3GPP). Cooperative beamforming for LTE is described, for example, in

document Rl-093488 of the 3GPP Technical Specification Group (TSG) Radio Access

Network (RAN), entitled "LTE Spectral Efficiency and IMT-Advanced Requirements,"

Shenzhen, China, August 24-28, 2009, which is incorporated herein by reference.

[0004] Coordinated transmission schemes often use feedback regarding the

communication channels, which is fed back from the mobile terminals to the base stations. An

example feedback scheme for coordinated transmission is described in 3GPP TSG RAN

document R l -092634, entitled "CoMP Operation Based on Spatial Covariance Feedback and

Performance Results of Coordinated SU/MU Beamforming," Los Angeles, California, June 29

- July 3, 2009, which is incorporated herein by reference.

[0005] 3GPP TSG RAN document Rl -093474, entitled "Coordinated Beamforming

with DL MU-MIMO," Shenzhen, China, August 24-28, 2009, which is incorporated herein by

reference, describes a Multi-User MIMO (MU-MIMO) scheme with coordinated

beamforming, which is based on a long-term wideband transmit covariance matrix.

[0006] CoMP schemes are also considered for LTE-Advanced (LTE-A) systems.

Example CoMP schemes for LTE-A, with reference to feedback, are described in 3GPP TSG

RAN document Rl-093833, entitled "System Performance Comparisons of Several DL CoMP



schemes," Miyazaki, Japan, October 12-16, 2009, which is incorporated herein by reference.

3GPP TSG RAN document Rl -093 132, entitled "DL performance of LTE-A: FDD,"

Shenzhen, China, August 24-28, 2009, which is incorporated herein by reference, describes

LTE-A MU-MIMO schemes with CoMP using Frequency Division Duplexing (FDD). 3GPP

TSG RAN document Rl-093109, entitled "Feedback in Support of DL CoMP: General

Views," Shenzhen, China, August 24-28, 2009, which is incorporated herein by reference,

discusses several feedback design options for implementing CoMP in LTE-A systems.

[0007] The background description provided herein is for the purpose of generally

presenting the context of the disclosure. Work of the presently named inventors, to the extent

the work is described in this background section, as well as aspects of the description that may

not otherwise qualify as prior art at the time of filing, are neither expressly nor impliedly

admitted as prior art against the present disclosure.

SUMMARY

[0008] An embodiment that is described herein provides a method used in a mobile

communication terminal. The method includes receiving from at least first and second base

stations, which cooperate in a coordinated transmission scheme, signals that are transmitted

over respective first and second communication channels. Respective channel measures are

calculated for the communication channels based on the received signals. First and second

feedback data, which are indicative of the respective channel measures of the first and second

communication channels, are formulated such that the first feedback data has a first data size

and the second feedback data has a second data size, different from the first data size. The first

and second feedback data are transmitted from the mobile communication terminal to at least

one of the base stations.

[0009] In an embodiment, formulating the first and second feedback data includes

including in the first feedback data at least one feedback parameter that is not included in the

second feedback data. In another embodiment, formulating the first and second feedback data

includes representing the first feedback data at a first quantization, and representing the second

feedback data at a second quantization, different from the first quantization. In yet another

embodiment, formulating the first and second feedback data includes calculating the first

feedback data at a first spectral resolution, and calculating the second feedback data at a

second spectral resolution, different from the first spectral resolution.

[0010] In a disclosed embodiment, transmitting the first and second feedback data

includes transmitting the first feedback data at a first update rate, and transmitting the second



feedback data at a second update rate, different from the first update rate. In another

embodiment, when the first base station is designated as a serving base station via which the

mobile communication terminal conducts calls, formulating the first and second feedback data

includes causing the second data size to be smaller than the first data size. In yet another

embodiment, formulating the first and second feedback data includes, upon identifying that

first interference caused by the first base station is stronger than second interference caused by

the second base station, computing the first feedback data at a first data size and computing the

second feedback data at a second data size, smaller than the first data size.

[0011] In some embodiments, formulating the first and second feedback data

includes computing for the first and second communication channels respective first and

second channel matrices having respective different first and second ranks. In an embodiment,

formulating the first and second feedback data includes defining the first feedback data as the

respective channel measure of the first communication channel, and defining the second

feedback data as an implicit function of the respective channel measure of the second

communication channel. In another embodiment, the method includes receiving in an

additional mobile communication terminal a signal from the first base station over a third

communication channel, formulating third feedback data for the third communication channel

such that the third feedback data has a third data size that is different from the first data size,

and transmitting the third feedback data from the additional mobile communication terminal to

at least the one of the base stations.

[0012] There is additionally provided, in accordance with an embodiment that is

described herein, apparatus including a receiver, a transmitter and processing circuitry. The

receiver is configured to receive from at least first and second base stations, which cooperate

in a coordinated transmission scheme, signals that are transmitted over respective first and

second communication channels. The processing circuitry is configured to calculate respective

channel measures for the communication channels based on the received signals, and to

formulate first and second feedback data that are indicative of the respective channel measures

of the first and second communication channels, such that the first feedback data has a first

data size and the second feedback data has a second data size, different from the first data size.

The transmitter is configured to transmit the first and second feedback data to at least one of

the base stations. In an embodiment, a mobile communication terminal includes the apparatus

described herein. In another embodiment, a chipset for processing signals in a mobile

communication terminal includes the apparatus described herein.



[0013] There is also provided, in accordance with an embodiment that is described

herein, a system that includes at least first and second base stations and a mobile

communication terminal. The base stations cooperate in a coordinated transmission scheme

and are configured to transmit signals to mobile communication terminals. The mobile

communication terminal is configured to receive the signals from the first and second base

stations over respective first and second communication channels, to calculate respective

channel measures for the communication channels based on the received signals, to formulate

first and second feedback data that are indicative of the respective channel measures of the

first and second communication channels, and to transmit the first feedback data at a first data

size and the second feedback data at a second data size, different from the first data size, to at

least one of the base stations.

[0014] The present invention will be more fully understood from the following

detailed description of the embodiments thereof, taken together with the drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 is a block diagram that schematically illustrates a communication

system using coordinated transmission and asymmetrical feedback, in accordance with an

embodiment that is described herein; and

[0016] Fig. 2 is a flow chart that schematically illustrates a method for

communication using coordinated transmission and asymmetrical feedback, in accordance

with an embodiment that is described herein.

DETAILED DESCRIPTION OF EMBODIMENTS

[0017] In some cooperative transmission schemes, base stations collect feedback

from mobile communication terminals regarding communication channel characteristics, and

configure downlink transmissions based on the feedback. In many practical scenarios, the

volume of feedback that is transmitted from various terminals in the network consumes

considerable uplink bandwidth, and may therefore degrade system capacity and performance.

[0018] Embodiments that are described hereinbelow provide improved methods and

systems for delivering feedback from mobile communication terminals to base stations that

use cooperative transmission. In these methods and systems, a given terminal receives

downlink signals from multiple base stations over multiple communication channels, and

generates feedback data for the multiple channels. The terminal transmits the feedback data to

at least one of the base stations, typically to a base station that is defined as the serving base



station of the terminal. The base stations configure their downlink transmissions based on the

feedback data.

[0019] In the disclosed embodiments, the terminal formulates the feedback data for

one communication channel with a certain data size, and with a different data size for another

communication channel. In other words, the terminal formulates the feedback data for at least

two of the channels to differ in data size. Several example techniques for generating feedback

data with non-uniform, or asymmetrical, data size are described herein. The feedback data for

different channels may differ, for example, in the number or identity of feedback parameters,

quantization level, spectral resolution and/or update rate.

[0020] In some embodiments, the terminal selects which channels will receive

larger-size feedback data and which channels will receive smaller-size feedback data,

according to a certain selection criterion. Several examples of selection criteria are described

herein. Typically, channels whose impact on the terminal (e.g., interference) is large will

receive larger-size feedback data, and vice versa. In some embodiments, non-uniform data size

is applied across different terminals. In other words, two terminals may transmit feedback data

having different data sizes.

[0021] The disclosed techniques enable the terminal to match the data size (and thus

the accuracy) of the feedback data per communication channel, rather than having to

compromise for a fixed data size for all channels. As a result, highly-accurate feedback can be

obtained where needed, while transmitting smaller-size feedback data for the other channels.

Thus, the average uplink bandwidth used for feedback transmission is reduced considerably,

with little or no degradation in feedback performance.

[0022] Fig. 1 is a block diagram that schematically illustrates a communication

system 20, which uses coordinated transmission and asymmetrical feedback, in accordance

with an embodiment that is described herein. System 20 comprises a mobile communication

terminal 24 (also referred to as User Equipment - UE), and two Base Transceiver Stations

(BTSs) 28A and 28B. UE 24 may comprise, for example, a cellular phone, a communication-

enabled mobile computing device, a cellular adapter for a mobile computing device, or any

other suitable communication terminal. Although Fig. 1 shows a single UE and two BTSs for

the sake of clarity, real-life systems typically comprise multiple UEs and multiple BTSs.

[0023] In the present example, system 20 operates in accordance with the 3GPP

Long-Term Evolution Advanced (LTE-A) specifications. Alternatively, however, system 20

may operate in accordance with any other suitable communication standard or protocol. For

example, the disclosed techniques can also be applied in Wi-Fi systems operating in



accordance with the IEEE 802.1 1 specifications or in WiMAX systems operating in

accordance with the IEEE 802.16m specifications.

[0024] The BTSs in system 20 use a coordinated transmission scheme, in which they

coordinate their downlink transmissions, and in particular coordinate their scheduling and

beamforming decisions. At a given point in time, UE 24 receives downlink signals from

multiple BTSs. A subset of these BTSs (which may comprise all the BTSs that are received by

the UE or a partial subset of the received BTSs) is defined as the reporting set of the UE, i.e.,

as the set of BTSs for which the UE provides channel feedback.

[0025] In UE 24, the downlink signals are received by one or more UE antennas 32.

Typically, system 20 comprises a MIMO system, meaning that the BTSs and the UE each

comprises multiple antennas. Each downlink signal is received over a respective

communication channel between a certain BTS and the UE. UE 24 comprises a downlink

receiver 36, which receives the downlink signals from the BTSs. Receiver 36 typically down-

converts, filters and digitizes the downlink signals. The UE further comprises a channel

measure calculation unit 40, which calculates a respective channel measure for each

communication channel by processing the received downlink signals. Unit 40 may calculate

various types of channel measures that are indicative of the characteristics of the respective

channels.

[0026] Some channel measures are explicit, i.e., refer to channel characteristics

irrespective of any specific transmission or reception scheme. Other channel measures are

implicit, i.e., based on certain assumptions regarding the transmission or reception scheme.

Examples of explicit channel measures comprise channel matrices (e.g., matrices representing

the transfer amplitude and phase for different pairs of BTS antenna and UE antenna) and

channel covariance matrices (e.g., matrices representing auto- and cross-correlations between

the signals received via different pairs of BTS antenna and UE antenna). Examples of implicit

channel measures comprise Preferred Matrix Indices (PMI) and Channel Quality Indications

(CQI), as defined in the E-UTRA specifications. Unit 40 may calculate any of these types of

channel measures, or any other suitable type of channel measure. For a MIMO system, each

channel measure typically comprises multiple parameters.

[0027] UE 24 comprises a feedback formulation unit 44, which formulates the

channel measures produced by unit 40 into respective feedback data. In particular, unit 44

produces feedback data having non-uniform data size. In other words, the feedback data for

one channel may differ in data size from the feedback data for another channel. Example

techniques for formulating the feedback data at a non-uniform data size are described below.



[0028] Note that the term "feedback data that differ in data size" refers only to non

zero data size, i.e., to those channels (or BTSs) for which the UE provides non-empty

feedback. By contrast, a BTS for which the UE does not provide feedback (e.g., a BTS that is

not in the reporting set of the UE) is not considered herein as differing in feedback data size

from a BTS for which the UE does provide feedback.

[0029] In the description above, UE 24 generates the feedback data in two stages -

channel measure calculation followed by feedback data formulation. In such embodiments, the

channel measures are not necessarily of non-uniform data size. Assignment of different data

sizes to different feedback data (i.e., for different channels) is carried out by unit 44. In

alternative embodiments, the functions of units 40 and 44 are combined in a single unit. In

such embodiments, the channel measures are calculated a-priori at a data size that potentially

differs from one channel to another.

[0030] Unit 44 provides the feedback data for the different channels to an uplink

transmitter 48. The uplink transmitter converts the feedback data to an analog signal, up-

converts the signal to a suitable Radio Frequency (RF) and transmits the RF signal (and thus

the feedback data) to at least one of the BTSs. Typically, one of the BTSs is defined as the

serving BTS of the UE, and transmitter 48 transmits the feedback data to the serving BTS. The

serving BTS distributes the feedback to the other BTSs, and the BTSs use this information for

configuring their downlink transmissions.

[0031] In the example configuration of Fig. 1, UE 24 receives downlink signals from

two BTSs 28A and 28B over two communication channels denoted CHI and CH2,

respectively. The UE calculates channel measures and formulates feedback data for these two

channels. In the present example, the feedback data for CHI has a different data size relative

to the feedback data for CH2. BTS 28A is defined as the serving BTS of UE 24, and therefore

the UE transmits the feedback data for both channels to this BTS. BTS 28A distributes the

feedback data to BTS 28B, so that the two BTSs can configure and coordinate their downlink

transmissions based on the feedback data.

[0032] The system configuration shown in Fig. 1 is a simplified example

configuration, which is depicted solely for the sake of conceptual clarity. In alternative

embodiments, any other suitable system configuration can be used. For example, UE 24 may

receive downlink signals from any suitable number of BTSs, and produce feedback data for

any desired number of channels. In some networks, two or more sets of equipment (e.g.,

transceivers and antennas), which serve different geographical cells, are collocated with one

another. In the context of the present patent application, the equipment serving each cell is



regarded as a separate BTS. Multiple BTSs serving multiple cells may be collocated in the

same location.

[0033] The UE configuration shown in Fig. 1 is a simplified example configuration,

which is depicted solely for the sake of conceptual clarity. In alternative embodiments, any

other suitable UE configuration can be used. UE elements that are not necessary for

understanding the disclosed techniques have been omitted from the figure for the sake of

clarity.

[0034] The different elements of UE 24, including receiver 36, units 40 and 44 and

transmitter 48, may be implemented using dedicated hardware, such as using one or more

Application-Specific Integrated Circuits (ASICs), Field-Programmable Gate Arrays (FPGAs)

or other suitable hardware devices. Alternatively, some UE elements may be implemented

using software configured to run on a processor device, or using a combination of hardware

and software elements. When certain UE functions are implemented using a processor, the

processor is programmed in software to carry out the functions described herein, although it

too may be implemented on dedicated hardware. The software may be downloaded to the

processor in electronic form, over a network, for example, or it may, alternatively or

additionally, be provided and/or stored on non-transitory tangible media, such as magnetic,

optical or electronic memory. In some embodiments, some or all of the elements of UE 24

may be fabricated in a chip-set.

[0035] Feedback formulation unit 44 may formulate the feedback data for different

channels at different data sizes in various ways. Moreover, unit 44 may use various criteria to

select the appropriate data size for each channel. Generally, the accuracy of the feedback data

increases with data size. Thus, modifying the feedback data size can trade feedback accuracy

for uplink throughput, and vice versa.

[0036] In some embodiments, unit 44 formulates the feedback data for the channel

received from the serving BTS at a larger data size, in comparison with the channels received

from other BTSs. In the example configuration of Fig. 1, unit 44 formulates the feedback data

for CHI to have a larger data size than the feedback data for CH2. Since the impact of the

serving BTS on the UE performance is stronger than the impact of other BTSs, providing

higher-accuracy feedback for the serving BTS and lower-accuracy feedback for the other

BTSs increases the feedback efficiency.

[0037] In some embodiments, feedback formulation unit 44 selects the appropriate

feedback data size based on the level of interference caused by the different BTSs. For

example, unit 44 may produce large-size (high-accuracy) feedback data for BTSs that cause



strong interference to the UE, and vice versa. Additionally or alternatively, in an embodiment,

unit 44 selects the feedback data size for the different downlink channels in accordance with

any other suitable criterion.

[0038] In an embodiment, unit 44 generates feedback data at a non-uniform data size

using various techniques. The description that follows refers to the feedback data for channels

CHI and CHI of Fig. 1, and presents example techniques for formulating the feedback data to

differ in data size. The feedback data for CHI is referred to as FBI, and the feedback data for

CH2 is referred to as FB2, respectively. In the present example, both FBI and FB2 are

transmitted to BTS 28A, the serving BTS of UE 24. Since BTS 28A is the serving BTS, FBI

is formulated to have a larger data size than FB2. Generally, however, the techniques

described below can be used in any other suitable system configuration.

[0039] In an example embodiment, FBI and FB2 each comprise one or more

feedback parameters. UE 24 formulates FBI to differ from FB2 in the number and/or identity

of the parameters. Consider, for example, an embodiment in which each feedback data

comprises a covariance matrix for the respective channel. In an example embodiment, FBI

comprises a certain number of eigenvectors (of the covariance matrix for CHI) and FB2

comprises a smaller number of eigenvectors (of the covariance matrix for CH2). The number

of reported eigenvectors is sometimes referred to as the rank of the feedback data. In an

example embodiment, the number of eigenvectors in FBI is up to the maximum rank of

transmission for the UE, and the number of eigenvectors in FB2 is 1 or alternatively 2 . In a

typical embodiment for a 2-antenna UE, FBI comprises two eigenvectors and FB2 comprises

a single eigenvector.

[0040] Transmitting different numbers of feedback parameters is useful, for

example, in a Coordinated Beamforming (CB) mode of operation, in which interfering BTSs

refrain from transmitting to a given UE at a given time in order to reduce interference.

Nevertheless, this technique can also be used in other coordinated-transmission operational

modes, as well. In alternative embodiments, UE 24 may configure FBI and FB2 to differ in

the number and/or identity of any other suitable feedback parameters.

[0041] In another embodiment, UE 24 formulates FBI to have a finer quantization

level than FB2. In some embodiments, UE 24 selects the feedback data (e.g., channel matrix

or covariance matrix) from a predefined set of possible values, referred to as a codebook. In

these embodiments, UE 24 selects FBI from a larger codebook than the codebook from which

FB2 is selected.



[0042] Consider, for example, a coherent Joint Processing (JP) mode of operation, in

which two or more BTSs jointly generate a given transmission beam toward the UE. When

using this mode, the signal received at the UE is often predominated by the one or two

strongest BTSs. In a scenario of this sort, transmitting feedback data using different-size

codebooks for different BTSs is effective, since it provides considerable bandwidth reduction

with little or no degradation in feedback efficiency. In an example embodiment, the UE selects

the feedback data for the strongest BTS from a codebook whose size is denoted B, the

feedback data for the next-strongest BTS from a codebook whose size is denoted B/2, and so

on. In an example embodiment, B=2m , wherein possible values of m are 4, 5 and 6 .

Alternatively, any other suitable codebook sizes can be used. Although the example above

refers to JP mode of operation, this technique can also be used in other coordinated-

transmission operational modes, as well.

[0043] An example of using different feedback parameters for different channels is

the use of feedback based on implicit and explicit channel measures. Explicit channel

measures, as defined above, refer to channel characteristics irrespective of any specific

transmission or reception scheme. Implicit channel measures, on the other hand, are based on

certain assumptions regarding the transmission or reception scheme. Explicit channel

measures comprise, for example, channel matrices or covariance matrices. Implicit channel

measures comprise, for example, PMI or CQI. In some embodiments, UE 24 formulates FBI

(for the serving BTS) based on one or more explicit channel measures, and FB2 based on one

or more implicit channel measures. In alternative embodiments, UE 24 formulates FBI based

on one or more implicit channel measures, and FB2 based on one or more explicit channel

measures.

[0044] In some embodiments, UE 24 formulates FBI to have a finer quantization

level than FB2 by representing FBI at a finer numerical precision than FB2. For example, the

feedback parameters in FBI can be represented using a larger number of bits than FB2. In

alternative embodiments, the UE may use any other suitable scheme for formulating the

feedback data for different channels to differ in quantization level.

[0045] In some embodiments, UE 24 formulates FBI to have a finer spectral

resolution than FB2. In these embodiments, UE 24 estimates the feedback data for each

channel (e.g., channel matrix or covariance matrix) in a certain number of frequency sub-

bands. The UE transmits FBI for a larger number of sub-bands than FB2. In other words, each

feedback parameter in FBI corresponds to a narrower sub-band than the respective parameter



in FB2. Therefore, FBI is typically more accurate than FB2, at the expense of larger data size.

In the present example, the feedback data for the serving BTS is transmitted at a finer spectral

resolution than the feedback data for other BTSs. Consider, for example, a total bandwidth of

10MHz that comprises fifty resource blocks. In an example embodiment, FBI comprises ten

values for ten respective sub-bands, each sub-band comprising five resource blocks, and FB2

comprises a single value for the entire bandwidth (fifty resource blocks). Alternatively,

however, UE 24 can formulate the feedback data to differ in spectral resolution using any

other suitable criterion.

[0046] In some embodiments, UE 24 updates FBI at a faster update rate than FB2.

Each update may be of the same data size or of non-uniform data size. Nevertheless, because

FBI is updated more frequently, the data size of FBI over a certain time period is larger than

the data size of FB2. In an example embodiment, FBI is updated every 5-50mS, and FB2 is

updated every 50mS-lS. Alternatively, any other suitable update rates can be used.

[0047] UE 24 may use a higher update rate for the feedback data regarding stronger

BTSs, and lower update rates for the feedback data regarding weaker BTSs, or vice versa.

[0048] In some embodiments, UE 24 sets a different update rate for different

feedback parameters in the feedback data of a given channel. For example, when the feedback

data comprises a channel matrix, the UE may update the magnitudes of the matrix elements

(which sometimes vary rapidly) at a relatively fast update rate, and the phases of the matrix

elements (which often vary slowly) at a slower rate. This differential selection of update rate

may also vary from one channel to another.

[0049] In some embodiments, FBI may differ from FB2 in a combination of two or

more of the above properties (e.g., number or identity of parameters, quantization level,

spectral resolution and/or in update rate), or in any other suitable property.

[0050] Fig. 2 is a flow chart that schematically illustrates a method for

communication using coordinated transmission and asymmetrical feedback, in accordance

with an embodiment that is described herein. The method begins at a reception operation 60,

with UE 24 receiving coordinated-transmission downlink signals from two or more BTSs over

respective communication channels. At a channel measurement operation 64, unit 40 in UE 24

calculates channel measures (e.g., channel or covariance matrices) for the respective

communication channels.

[0051] At a feedback formulation operation 68, unit 44 in UE 24 formulates the

feedback data for each channel based on the respective channel measure. In particular, unit 44

formulates the feedback data for at least two of the channels to differ in data size, as explained



above. At a feedback transmission operation 72, transmitter 48 in UE 24 transmits the

feedback data for the multiple channels to at least one of the BTSs, typically to the serving

BTS. At a transmission coordination operation 76, the BTSs coordinate their downlink

transmissions to UE 24 (and/or to other UEs) based on the feedback data.

[0052] In the embodiments described above, the UE formulates different-size

feedback data for different communication channels (i.e., for different BTSs). Additionally or

alternatively, non-uniformity in feedback data size can be applied across different UEs. In

other words, two (or more) different UEs can formulate the feedback data for a given BTS to

differ in data size. Any of the techniques described above (e.g., feedback data that differs in

the number or identity of parameters, in quantization level, in spectral resolution and/or in

update rate) can be used.

[0053] Although the embodiments described herein mainly address generation of

channel feedback data from mobile communication terminals to base stations at a non-uniform

data size, the methods and systems described herein can also be used in other applications in

which multiple transmitters coordinate their transmission with one another, such as in Wi-Fi

and WiMAX systems.

[0054] It will thus be appreciated that the embodiments described above are cited by

way of example, and that the present invention is not limited to what has been particularly

shown and described hereinabove. Rather, the scope of the present invention includes both

combinations and sub-combinations of the various features described hereinabove, as well as

variations and modifications thereof which would occur to persons skilled in the art upon

reading the foregoing description and which are not disclosed in the prior art.



CLAIMS

1. A method, comprising:

in a mobile communication terminal, receiving from at least first and second base

stations, which cooperate in a coordinated transmission scheme, signals that are transmitted

over respective first and second communication channels, and calculating respective channel

measures for the communication channels based on the received signals;

formulating first and second feedback data that are indicative of the respective channel

measures of the first and second communication channels, such that the first feedback data has

a first data size and the second feedback data has a second data size, different from the first

data size; and

transmitting the first and second feedback data from the mobile communication

terminal to at least one of the base stations.

2 . The method according to claim 1, wherein formulating the first and second feedback

data comprises including in the first feedback data at least one feedback parameter that is not

included in the second feedback data.

3 . The method according to claim 1, wherein formulating the first and second feedback

data comprises representing the first feedback data at a first quantization, and representing the

second feedback data at a second quantization, different from the first quantization.

4 . The method according to claim 1, wherein formulating the first and second feedback

data comprises calculating the first feedback data at a first spectral resolution, and calculating

the second feedback data at a second spectral resolution, different from the first spectral

resolution.

5 . The method according to claim 1, wherein transmitting the first and second feedback

data comprises transmitting the first feedback data at a first update rate, and transmitting the

second feedback data at a second update rate, different from the first update rate.

6 . The method according to any of claims 1-5, wherein, when the first base station is

designated as a serving base station via which the mobile communication terminal conducts

calls, formulating the first and second feedback data comprises causing the second data size to

be smaller than the first data size.

7 . The method according to any of claims 1-5, wherein formulating the first and second

feedback data comprises, upon identifying that first interference caused by the first base



station is stronger than second interference caused by the second base station, computing the

first feedback data at a first data size and computing the second feedback data at a second data

size, smaller than the first data size.

8. The method according to any of claims 1-5, wherein formulating the first and second

feedback data comprises computing for the first and second communication channels

respective first and second channel matrices having respective different first and second ranks.

9 . The method according to any of claims 1-5, wherein formulating the first and second

feedback data comprises defining the first feedback data as the respective channel measure of

the first communication channel, and defining the second feedback data as an implicit function

of the respective channel measure of the second communication channel.

10. The method according to any of claims 1-5, and comprising, in an additional mobile

communication terminal, receiving a signal from the first base station over a third

communication channel, formulating third feedback data for the third communication channel

such that the third feedback data has a third data size that is different from the first data size,

and transmitting the third feedback data from the additional mobile communication terminal to

at least the one of the base stations.

11. Apparatus, comprising:

a receiver, which is configured to receive from at least first and second base stations,

which cooperate in a coordinated transmission scheme, signals that are transmitted over

respective first and second communication channels;

processing circuitry, which is configured to calculate respective channel measures for

the communication channels based on the received signals, and to formulate first and second

feedback data that are indicative of the respective channel measures of the first and second

communication channels, such that the first feedback data has a first data size and the second

feedback data has a second data size, different from the first data size; and

a transmitter, which is configured to transmit the first and second feedback data to at

least one of the base stations.

12. The apparatus according to claim 11, wherein the processing circuitry is configured to

include in the first feedback data at least one feedback parameter that is not included in the

second feedback data.



13. The apparatus according to claim 11, wherein the processing circuitry is configured to

represent the first feedback data at a first quantization, and to represent the second feedback

data at a second quantization, different from the first quantization.

14. The apparatus according to claim 11, wherein the processing circuitry is configured to

calculate the first feedback data at a first spectral resolution, and to calculate the second

feedback data at a second spectral resolution, different from the first spectral resolution.

15. The apparatus according to claim 11, wherein the processing circuitry is configured to

generate the first feedback data at a first update rate, and to generate the second feedback data

at a second update rate, different from the first update rate.

16. The apparatus according to any of claims 11-15, wherein, when the first base station is

designated as a serving base station via which the receiver and the transmitter conduct calls,

the processing circuitry is configured to cause the second data size to be smaller than the first

data size.

17. The apparatus according to any of claims 11-15, wherein the processing circuitry is

configured to formulate the first and second feedback data by computing for the first and

second communication channels respective first and second channel matrices having

respective different first and second ranks.

18. The apparatus according to any of claims 11-15, wherein the processing circuitry is

configured to define the first feedback data as the respective channel measure of the first

communication channel, and to define the second feedback data as an implicit function of the

respective channel measure of the second communication channel.

19. A mobile communication terminal comprising the apparatus of claim 11.

20. A chipset for processing signals in a mobile communication terminal, comprising the

apparatus of claim 11.

21. A system, comprising:

at least first and second base stations, which cooperate in a coordinated transmission

scheme and are configured to transmit signals to mobile communication terminals; and

a mobile communication terminal, which is configured to receive the signals from the

first and second base stations over respective first and second communication channels, to

calculate respective channel measures for the communication channels based on the received

signals, to formulate first and second feedback data that are indicative of the respective



channel measures of the first and second communication channels, and to transmit the first

feedback data at a first data size and the second feedback data at a second data size, different

from the first data size, to at least one of the base stations.
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