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(57) Abstract: A method includes receiving in a mobile communication terminal (24) signals from multiple cells (28) that coordino ate transmission of the signals with one another in a Cooperative Multipoint (CoMP) scheme. At least first and second Channel
Quality Indicators (CQIs), for respective communication channels over which the signals are received, are calculated in the terminal

o based on the received signals. The second CQI is differentially encoded relative to the first CQI. Feedback information, including the
first CQI and the differentially-encoded second CQI, is transmitted from the terminal.



DIFFERENTIAL CQI ENCODING FOR COOPERATIVE MULTIPOINT FEEDBACK

CROSS-REFERENCE TO RELATED APPLICATIONS

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

61/558,405, filed November 10, 201 1, whose disclosure is incorporated herein by reference.

FIELD OF THE DISCLOSURE

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

particularly to methods and systems for Multiple-Input Multiple-Output (MIMO) channel

feedback.

BACKGROUND

[0003] In some MIMO communication systems, multiple cells use Cooperative

Multipoint (CoMP) transmission schemes for coordinating downlink MIMO transmissions to

User Equipment (UEs). Third Generation Partnership Project (3GPP) Long Term Evolution -

Advanced (LTE-A) systems, for example, use or contemplate the use of multiple CoMP

modes such as Dynamic Point Selection (DPS), Dynamic Point Blanking (DPB), Cooperative

beamforming (CB) and Joint Transmission (JT). The CoMP modes used in LTE-A are

specified, for example, in "3rd Generation Partnership Project; Technical Specification Group

Radio Access Network; Coordinated multi-point operation for LTE physical layer aspects

(Release 11)," 3GPP TR 36.819, version 11.0.0, September, 201 1, which is incorporated

herein by reference. When using CoMP, the cooperating cells typically configure their

transmissions based on channel feedback provided by the UEs.

[0004] The description above is presented as a general overview of related art in this

field and should not be construed as an admission that any of the information it contains

constitutes prior art against the present patent application.

SUMMARY

[0005] An embodiment that is described herein provides a method including

receiving in a mobile communication terminal signals from multiple cells that coordinate

transmission of the signals with one another in a Cooperative Multipoint (CoMP) scheme. At

least first and second Channel Quality Indicators (CQIs), for respective communication

channels over which the signals are received, are calculated in the terminal based on the

received signals. The second CQI is differentially encoded relative to the first CQI. Feedback

information, including the first CQI and the differentially-encoded second CQI, is transmitted

from the terminal.



[0006] In some embodiments, calculating the CQIs includes identifying a strongest

cell, whose signals are received in the terminal with a strongest signal strength among the

multiple cells, and calculating the first CQI for a communication channel from the strongest

cell to the terminal. In an embodiment, calculating the CQIs includes calculating the first and

second CQIs for respective first and second communication channels from first and second

ones of the cells to the terminal.

[0007] In a disclosed embodiment, calculating the CQIs includes calculating one of

the first and second CQIs for a communication channel from one of the cells to the terminal,

and calculating the other of the first and second CQIs for an aggregate communication channel

from the multiple cells to the terminal. In another embodiment, calculating the CQIs includes

calculating the first or the second CQI for a communication channel from one of the cells that

is designated for fallback to single-transmission-point transmission to the terminal.

[0008] In yet another embodiment, differentially encoding the second CQI includes

encoding a difference between the second CQI and the first CQI, such that the differentially-

encoded second CQI includes a smaller number of bits than the second CQI. In still another

embodiment, differentially encoding the second CQI includes representing the differentially-

encoded second CQI using no more than three bits. In an alternative embodiment,

differentially encoding the second CQI includes representing the differentially-encoded second

CQI using no more than two bits.

[0009] There is additionally provided, in accordance with an embodiment that is

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

receiver is configured to receive signals from multiple cells that coordinate transmission of the

signals with one another in a Cooperative Multipoint (CoMP) scheme. The processing

circuitry is configured to calculate, based on the received signals, at least first and second

Channel Quality Indicators (CQIs) for respective communication channels over which the

signals are received, and to differentially encode the second CQI relative to the first CQI. The

transmitter is configured to transmit feedback information including the first CQI and the

differentially-encoded second CQI.

[0010] In some embodiments, a mobile communication terminal includes the

disclosed apparatus. In some embodiments, a chipset for processing signals in a mobile

communication terminal includes the disclosed apparatus.

[0011] The present disclosure 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

[0012] Fig. 1 is a block diagram that schematically illustrates a MIMO

communication system that uses CoMP, in accordance with an embodiment that is described

herein; and

[0013] Fig. 2 is a flow chart that schematically illustrates a method for channel

feedback in a MIMO communication system that uses CoMP, in accordance with an

embodiment that is described herein.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] In a typical CoMP system, a group of cells in a suitable wireless

communication network, such as a cellular network, transmits downlink MIMO signals to

mobile communication terminals in coordination. The cells, or a central scheduler, configure

the downlink signals based on channel feedback that is provided by the terminals.

[0015] In various CoMP modes, the terminal calculates and reports feedback for

multiple communication channels, e.g., for each individual cell in the group and/or for the

aggregate MIMO channel from the entire group of cells. The feedback typically comprises

parameters such as Channel Quality Indicators (CQIs) for the various channels. Channel

feedback of this sort is often of considerable data size, and reporting channel feedback for the

various channels consumes considerable signaling resources on the uplink channels of the

system.

[0016] Embodiments that are described herein provide improved channel feedback

schemes for use in CoMP MIMO systems. In some embodiments, instead of reporting the

actual multiple CQI values, the terminal encodes one or more of the CQIs differentially. In a

typical differential encoding scheme, the terminal provides a data rich report of the actual

value of some reference CQI, and the differences between the other CQIs and the reference

CQI. Since in many CoMP scenarios the differences between the various CQIs are small,

reporting the CQIs using differential encoding can be carried out using a small number of bits

and with little or no performance degradation.

[0017] When using the disclosed schemes, high-quality feedback can be provided to

the different cells in a CoMP network system using modest uplink signaling resources. Several

examples of feedback schemes that use differential encoding of CQI, for use in various CoMP

modes, are described below. The embodiments described herein refer mainly to Joint

Transmission (JT) CoMP. The disclosed techniques, however, are also applicable in other

CoMP modes such as CB or DPS.



[0018] Fig. 1 is a block diagram that schematically illustrates a Cooperative

Multipoint (CoMP) communication system 20, in accordance with an embodiment that is

described herein. In the present example, system 20 operates in accordance with Third

Generation Partnership Project (3GPP) Long Term Evolution - Advanced (LTE-A)

specifications. In alternative embodiments, system 20 may operate in accordance with any

other suitable communication protocol in which cells coordinate transmission with one

another, such as, for example, WiMAX.

[0019] In the embodiment of Fig. 1, system 20 comprises a mobile communication

terminal 24 (referred to in LTE-A terminology as User Equipment - UE) and three cells 28

(base stations) denoted CELL1, CELL2 and CELL3. The terms cell, base station and

Transmission Point (TP) are used interchangeably herein. The choice of a single UE and three

cells is made purely by way of example. In real-life configurations, system 20 typically

comprises a large number of cells, some of which may be collocated, and a large number of

terminals. Each UE 24 comprises, for example, a cellular phone, a wireless-enabled computing

device or any other suitable type of communication terminal.

[0020] Cells 28 cooperate with one another in transmitting precoded (i.e.,

beamformed) signals to UEs 24. Depending on the CoMP mode or on other factors, the cells

may cooperate in beamforming, beam activation and deactivation, transmission scheduling or

other tasks. A group of cells that cooperate in this manner, such as CELL1, CELL2 and

CELL3, is referred to as a cooperating set. In various embodiments, cells 28 may use CoMP

modes such as DPS, DPB, JT, CB, and possibly alternate between different modes over time.

[0021] In the present embodiment, system 20 comprises a central scheduler 32,

which schedules the transmissions of the various cells to the various UEs, and calculates

precoding vectors (i.e., sets of complex weights to be applied to the signals transmitted via the

respective transmit antennas of the cells) to be applied by the cells when transmitting the

CoMP transmissions, in an embodiment. In some embodiments the central scheduler also

selects the appropriate CoMP mode, and the cell or cells in the set that will transmit to a UE.

[0022] Central scheduler 32 typically selects the CoMP mode, the transmitting cell

or cells, and/or the precoding vectors, based on channel feedback that is received from the

UEs. In some embodiments, the UEs encode at least part of their channel feedback using

differential encoding, as will be explained in detail further below.

[0023] In the embodiment of Fig. 1, UE 24 comprises one or more antennas 36, a

downlink receiver (DL RX) 40, an uplink transmitter (UL TX) 44, and processing circuitry 48.

Receiver 40 receives downlink signals from cells 28 via antennas 36. Processing circuitry 48



processes the received signals. Among other tasks, processing circuitry 48 calculates the

channel feedback for various communication channels over which downlink signals are

transmitted to the UE, and formats the feedback information to be transmitted to cells 28.

Processing circuitry 48 provides the feedback information to uplink transmitter 44, which

transmits the feedback information to cells 28.

[0024] In the present embodiment, processing circuitry 48 comprises a feedback

calculation module 52, which uses calculates the channel feedback using one or more received

downlink signals. A differential encoding module 56 applies differential encoding to at least

part of the channel feedback, e.g., to Channel Quality Indicators (CQI) estimated by module

52 for the different cells. Module 56 formats the feedback information, including the

differentially-encoded CQI.

[0025] In some embodiments, each Transmission Point (TP) in the group of

cooperating cells transmits respective reference signals, and UE 24 calculates the channel

feedback by measuring the reference signals. These reference signals are referred to as

Channel State Information Reference Signals (CSI-RS), and each cell is also referred to as a

CSI-RS resource.

[0026] The UE configuration seen in Fig. 1 is an example configuration, which is

depicted in a highly simplified manner solely for the sake of clarity. In alternative

embodiments, any other suitable UE configuration can be used. UE elements that are not

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

the sake of clarity.

[0027] In various embodiments, some or all of the elements of UE 24, including

receiver 40, transmitter 44 and processing circuitry 48, are implemented in hardware, such as

implementing receiver 40 and/or transmitter 44 using one or more Radio Frequency Integrated

Circuits (RFICs), or implementing processing circuitry 48 using one or more Field-

Programmable Gate Arrays (FPGAs) or Application-Specific Integrated Circuits (ASICs). In

alternative embodiments, various elements of UE 24 are implemented in software, or using a

combination of hardware and software elements.

[0028] In some embodiments, various UE elements, such as various elements of

processing circuitry 48, are implemented in a programmable processor, which is programmed

in software to carry out the functions described herein. The software may be downloaded to

the processor, in whole or in part, 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.



[0029] In some embodiments, cells 28 transmit signals to UE 24 using Joint

Transmission (JT) CoMP. In this mode, multiple cells 28 transmit the same data jointly to the

UE, so as to effectively produce a large-baseline MIMO transmission from the transmit

antennas of the multiple cells.

[0030] In various embodiments, system 20 may use various feedback schemes when

operating in the JT CoMP mode. Example feedback schemes are referred to herein as

individual feedback, aggregated feedback and combined feedback. When using individual

feedback, the UE calculates and reports the following feedback information:

■ Respective Precoding Matrix Indicator (PMI) for each CSI-RS resource.

■ Respective Channel Quality Indicator (CQI) for each CSI-RS resource.

■ Relative phases between the CSI-RS resources.

[0031] In an embodiment, UE 24 calculates and reports these parameters per spectral

sub-band. Without differential encoding, and assuming an allocation of four bits for each CQI,

four bits for each PMI and two bits for each inter-CSI-RS phase, the total signaling overhead

is 4n+4n+2(n-l) bits per sub-band, wherein n denotes the number of CSI-RS resources in the

group.

[0032] The aggregated feedback scheme typically refers to the aggregated or

composite MIMO channel from the transmit antennas of the entire group of cooperating cells.

When using aggregated feedback, the UE calculates and reports the following feedback

information:

■ Respective PMI for each CSI-RS resource.

■ Aggregated CQI for the aggregated MIMO channel between all the CSI-RS

resources and the UE.

■ A single CQI (referred to as single-TP CQI) for one of the CSI-RS resources, for

use in case of fallback to non-CoMP transmission (i.e., for cases where for some

reason system 20 stops using CoMP for transmitting to the UE and reverts to

single-TP transmission).

■ Relative phases between the CSI-RS resources.

[0033] In an embodiment, these parameters are calculated and reported per spectral

sub-band. Without differential encoding, and assuming an allocation of four bits for each PMI,

four bits for the aggregated CQI, four bits for the single-TP CQI and two bits for each inter-

CSI-RS phase, the total signaling overhead is 4n+4+4+2(n-l) bits per sub-band.

[0034] The combined feedback typically comprises a hybrid scheme that reports one

or more parameters related to individual feedback, and one or more parameters related to



aggregated feedback. When using combined feedback, UE 24 calculates and reports the

following feedback information:

■ Respective PMI for each CSI-RS resource.

■ Aggregated CQI for the aggregated MIMO channel between all the CSI-RS

resources and the UE.

■ Respective Channel Quality Indicator (CQI) for each CSI-RS resource.

■ Relative phases between the CSI-RS resources.

[0035] In an embodiment, The UE calculates and reports these parameters per

spectral sub-band. Without differential encoding, and assuming an allocation of four bits for

each PMI, four bits for the aggregated CQI and two bits for each inter-CSI-RS phase, the total

signaling overhead is 4n+4n+4+2(n-l) bits per sub-band.

[0036] The three feedback schemes described above are chosen and defined solely

by way of example. In alternative embodiments, the disclosed techniques can be used with any

other suitable feedback scheme that reports any other suitable parameters.

[0037] As can be seen in the examples above, the feedback information in CoMP

comprises a large number of bits, which consume considerable signaling resources on the

uplink channels from UE 24 to cells 28. A large portion of this feedback overhead relates to

reporting the multiple CQIs. The overhead is particularly problematic when the number of

cooperating cells in the group is large.

[0038] In many practical CoMP scenarios, however, the multiple CQIs reported by

the UE in a given feedback report have similar values. (In an embodiment, the CQI computed

for a certain cell comprises an integer number that indicates the preferred Modulation and

Coding Scheme (MCS) to be used by that cell. The CQI is roughly correlative to the signal-to-

noise-and-interference ratio of the signal received from the cell.)

[0039] In some embodiments, processing circuitry 48 of UE 24 exploits the small

differences between the CQIs of the various channels to reduce uplink signaling, by using

differential encoding. In these embodiments, differential encoding module 56 applies

differential encoding to the CQIs calculated by feedback calculation module 52. Typically,

module 56 selects one of the CQIs to serve as a reference CQI. When formulating the

feedback information, module 56 reports full, rich, un-encoded CQI report for the reference

CQI, e.g., the actual value of the reference CQI, and the differences between the other CQIs

and the reference CQI. In various embodiments, any of the cooperating cells can be selected as

the cell whose CQI serves as the reference CQI.



[0040] In the embodiments described herein, module 56 identifies the strongest CQI

(i.e., the CQI of the CSI-RS resource that is received with the strongest signal strength among

the CSI-RS resources in the cooperating group of cells), and chooses this strongest CQI to

serve as the reference CQI. Alternatively, however, module 56 may choose any other CQI of

any other cell to serve as the reference CQI.

[0041] In the context of the present patent application and in the claims, the term

"difference between CQIs" refers to any suitable way of expressing the variation or delta

between the CQIs, including, for example and without limitation, additive or multiplicative

differences.

[0042] Because of the small differences between the CQI values, it is possible to

allocate to the differentially-encoded CQIs only a small number of bits with little or no loss of

information. The set of differential CQI values is typically chosen based on the range of CQI

differences among the various CSI-RS resources, and/or the typical differences between the

aggregated and single-TP CQIs. In some embodiments that are described below, module 56

represents each differentially-encoded CQI using three bits. In other disclosed embodiments,

module 56 represents each differentially-encoded CQI using only two bits. Further

alternatively, any other suitable number of bits can be used for representing the differentially-

encoded CQIs.

[0043] In an example embodiment, when using individual feedback, module 56

produces the following feedback information:

■ CQI for the strongest CSI-RS resource (used as reference CQI), and the index of

this CSI-RS resource.

■ Differentially-encoded CQIs for the other CSI-RS resources.

[0044] In an embodiment, module 56 reports each differentially-encoded CQI using

two bits, according to the following table:

Table 1: Example 2-bit differential encoding of CQI



[0045] In this embodiment, the total signaling overhead is 4n+4+2(n-l)+2+2(n-l)

bits per sub-band, in comparison with 4n+4n+2(n-l) bits per sub-band without differential

encoding. The overhead reduction is 2n-4 bits per sub-band, which is a considerable reduction.

[0046] In an alternative embodiment relating to individual feedback, module 56

reports each differentially-encoded CQI using three bits, according to the following table:

Table 2: Example 3-bit differential encoding of CQI

[0047] In this embodiment, the total signaling overhead is 4n+4+3(n-l)+2+2(n-l)

bits per sub-band, in comparison with 4n+4n+2(n-l) bits per sub-band without differential

encoding. The overhead reduction is thus n-3 bits per sub-band.

[0048] In an example embodiment, when using aggregated feedback, module 56

produces the following feedback information:

■ Aggregated CQI used as reference CQI.

■ Differentially-encoded single-TP CQI for one of the CSI-RS resources, for use in

case of fallback to non-CoMP operation.

■ Index of the CSI-RS resource whose single-TP CQI is reported.

[0049] In an alternative embodiment relating to aggregated feedback, module 56

produces the following feedback information:

■ Single-TP CQI for one of the CSI-RS resources, for use in case of fallback to non-

CoMP operation, used as reference CQI.

■ Differentially-encoded aggregated CQI.

■ Index of the CSI-RS resource whose single-TP CQI is reported.



[0050] In these embodiments, module 56 reports the differentially-encoded CQI

using three bits according to Table 2 above, or using two bits according to Table 1 above. The

total signaling overhead is 4n+4+3+2(n-l)+2 (the extra 2 bits for index of the CSI-RS resource

whose single-TP CQI is reported) bits per sub-band for Table 1 (differential encoding with

three bits), or 4n+4+2+2(n-l)+2 bits per sub-band for Table 2 (differential encoding with two

bits), providing a saving of 2 bits or 1 bits per sub-band, respectively.

[0051] In another example embodiment, when using combined feedback, module 56

produces the following feedback information:

■ Aggregated CQI used as reference CQI.

■ Differentially-encoded CQI for each CSI-RS resource.

[0052] In this embodiment, module 56 reports the differentially-encoded CQI using

three bits according to Table 1 above, or using two bits according to Table 2 above. The total

signaling overhead is 4n+2n+2(n-l)+4 bits per sub-band for Table 2 (differential encoding

with three bits), or 4n+3n+2(n-l)+4 bits per sub-band for Table 1 (differential encoding with

two bits), providing a saving of 2n bits or n bits per sub-band, respectively.

[0053] In an alternative embodiment relating to combined feedback, module 56

produces the following feedback information:

■ CQI of strongest CSI-RS resource, used as reference CQI.

■ Differentially-encoded aggregated CQI.

■ Differentially-encoded CQI for each CSI-RS resource other than the strongest

(reference) CSI-RS resource.

■ Index of the strongest CSI-RS resource.

[0054] In this embodiment, module 56 may report each differentially-encoded CQIs

(single-TP or aggregated) using two bits according to the following table:

Table 3: Example 2-bit differential encoding of CQI



[0055] Alternatively, module 56 may report each differentially-encoded CQIs

(single-TP or aggregated) using three bits according to the following table:

Table 4: Example 3-bit differential encoding of CQI

[0056] The total signaling overhead in these embodiments is 4n+2n+2(n-l)+6 bits

per sub-band for Table 3 (differential encoding with three bits), or 4n+3n+2(n-l)+6 bits per

sub-band for Table 4 (differential encoding with two bits), providing a saving of 2n-2 bits or

n-2 bits per sub-band, respectively.

[0057] The differential encoding tables and feedback formats described above are

given purely by way of example. In alternative embodiments, module 56 in UE 24 may use

any other suitable differential encoding values and feedback formats.

[0058] Fig. 2 is a flow chart that schematically illustrates a method for channel

feedback in system 20, in accordance with an embodiment that is described herein. The

method begins with receiver 40 of UE 24 receiving a CoMP MIMO signal from cells 28, at a

downlink reception operation 60.

[0059] Feedback calculation module 52 in processing circuitry 48 calculates channel

feedback based on the received CoMP signal, at a feedback calculation operation 64. The

feedback information comprises at least two CQI values, as explained above. Differential

encoding module 56 applies differential encoding to all but one of the CQI values, at an

encoding operation 68, to produce feedback information for feeding back to cells 28. As

explained above, one of the CQIs is selected to serve as a reference CQI for which a rich CQI

report is transmitted. The other CQIs are differentially-encoded relative to the reference CQI.



[0060] Transmitter 44 transmits the feedback information, including the

differentially-encoded CQI, to cells 28, at an uplink transmission operation 72. Cells 28 and/or

central scheduler 32 receive and decode the feedback information, at a feedback reception

operation 76. The cells and/or central scheduler use the feedback information for configuring

subsequent CoMP transmission to the UE.

[0061] It is noted 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. Documents incorporated by

reference in the present patent application are to be considered an integral part of the

application except that to the extent any terms are defined in these incorporated documents in

a manner that conflicts with the definitions made explicitly or implicitly in the present

specification, only the definitions in the present specification should be considered.



CLAIMS

1. A method, comprising:

receiving in a mobile communication terminal signals from multiple cells that

coordinate transmission of the signals with one another in a Cooperative Multipoint (CoMP)

scheme;

calculating in the terminal, based on the received signals, at least first and second

Channel Quality Indicators (CQIs) for respective communication channels over which the

signals are received;

differentially encoding the second CQI relative to the first CQI; and

transmitting feedback information, comprising the first CQI and the differentially-

encoded second CQI, from the terminal.

2 . The method according to claim 1, wherein calculating the CQIs comprises identifying

a strongest cell, whose signals are received in the terminal with a strongest signal strength

among the multiple cells, and calculating the first CQI for a communication channel from the

strongest cell to the terminal.

3 . The method according to claim 1, wherein calculating the CQIs comprises calculating

the first and second CQIs for respective first and second communication channels from first

and second ones of the cells to the terminal.

4 . The method according to claim 1, wherein calculating the CQIs comprises calculating

one of the first and second CQIs for a communication channel from one of the cells to the

terminal, and calculating the other of the first and second CQIs for an aggregate

communication channel from the multiple cells to the terminal.

5 . The method according to claim 1, wherein calculating the CQIs comprises calculating

the first or the second CQI for a communication channel from one of the cells that is

designated for fallback to single-transmission-point transmission to the terminal.

6 . The method according to any of claims 1-5, wherein differentially encoding the second

CQI comprises encoding a difference between the second CQI and the first CQI, such that the

differentially-encoded second CQI comprises a smaller number of bits than the second CQI.

7 . The method according to any of claims 1-5, wherein differentially encoding the second

CQI comprises representing the differentially-encoded second CQI using no more than three

bits.



8. The method according to any of claims 1-5, wherein differentially encoding the second

CQI comprises representing the differentially-encoded second CQI using no more than two

bits.

9 . Apparatus, comprising:

a receiver, which is configured to receive signals from multiple cells that coordinate

transmission of the signals with one another in a Cooperative Multipoint (CoMP) scheme;

processing circuitry, which is configured to calculate, based on the received signals, at

least first and second Channel Quality Indicators (CQIs) for respective communication

channels over which the signals are received, and to differentially encode the second CQI

relative to the first CQI; and

a transmitter, which is configured to transmit feedback information comprising the first

CQI and the differentially-encoded second CQI.

10. The apparatus according to claim 9, wherein the processing circuitry is configured to

identify a strongest cell, whose signals are received in the receiver with a strongest signal

strength among the multiple cells, and to calculate the first CQI for a communication channel

from the strongest cell to the receiver.

11. The apparatus according to claim 9, wherein the processing circuitry is configured to

calculate the first and second CQIs for respective first and second communication channels

from first and second ones of the cells to the receiver.

12. The apparatus according to claim 9, wherein the processing circuitry is configured to

calculate one of the first and second CQIs for a communication channel from one of the cells

to the receiver, and to calculate the other of the first and second CQIs for an aggregate

communication channel from the multiple cells to the receiver.

13. The apparatus according to claim 9, wherein the processing circuitry is configured to

calculate the first or the second CQI for a communication channel from one of the cells that is

designated for fallback to single-transmission-point transmission to the receiver.

14. The apparatus according to any of claims 9-13, wherein the processing circuitry is

configured to differentially encode the second CQI by encoding a difference between the

second CQI and the first CQI, such that the differentially-encoded second CQI comprises a

smaller number of bits than the second CQI.

15. The apparatus according to any of claims 9-13, wherein the processing circuitry is

configured to represent the differentially-encoded second CQI using no more than three bits.



16. The apparatus according to any of claims 9-13, wherein the processing circuitry is

configured to represent the differentially-encoded second CQI using no more than two bits.

17. A mobile communication terminal comprising the apparatus of any of claims 9-13.

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

apparatus of any of claims 9-13.







INTERNATIONAL SEARCH REPORT International application No.

PCT/IB12/56289

A . CLASSIFICATION O F SUBJECT MATTER

IPC(8) - H04W 72/00 (2013.01)

USPC - 455/450

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8): H04B 7/00, 7/02. 15/00; H04W 72/00 (2013.01 )
USPC: 370/330; 375/267, 285; 455/450, 464, 509

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MicroPatent (US-G, US-A, EP-A, EP-B, WO, JP-bib, DE-C.B, DE-A, DE-T, DE-U, GB-A, FR-A); Google/Google Scholar; IEEE;
DialogPRO; multiple, input, MIMO, channel, quality, indicator, CQI, cooperative, multipoint, CoMP, differential, encode, feedback,
fallback, aggregate, first, second, single, transmission

C . DOCUMENTS CONSIDERED T O B E RELEVANT

Category* Citation of document, with indication, where appropriate, o f the relevant passages Relevant to claim No.

U S 2010/0271968 A 1 (LIU L e t al.) October 28, 2010, paragraphs [0076], [0091], [0092], [0097, 1, 6/1, 7/1 , 8/1, 9 , 14/9,
[01 15], [0122] 15/9, 16/9, 1 /9 and 18/9

2-5, 6/2, 6/3, 6/4, 6/5, 7/2,
7/3, 7/4, 7/5, 8/2, 8/3, 8/4,
8/5, 10-13, 14/10, 14/1 1,
14/12, 14/13, 15/10,
15/1 1, 15/12, 15/13,
16/10, 16/1 1, 16/12,
16/13, 17/10, 17/1 1,
17/12, 17/13, 18/10,
18/1 1, 18/12 and 18/13

2 , 6/2, 7/2, 8/2, 10, 14/10,
U S 2010/0056170 A 1 (LINDOFF B e t al.) March 4 , 2010, paragraph [0070] 15/10, 16/10, 17/10 and

18/10

3 , 4 , 6/3, 6/4, 7/3, 7/4,
U S 201 1/0250919 A 1 (Barbieri A et al.) October 13, 2011, paragraphs [0050], [0070], [0080], 8/3, 8/4, 1, 12, 14/1 1,
[0087] 14/12, 15/1 1, 15/12,

16/1 1, 16/12, 17/1 1,
17/12, 18/1 1 and 18/12

Further documents are listed in the continuation o f Box C . | |

Special categories of cited documents: 'Τ " later document published after the international filing date or priority
document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

document published prior to the international filing date but later than "&" document member of the same patent family

Date o f the actual completion o f the international search Date o f mailing o f the international search report

0 7 March 2013 (07.03.2013) 2 6 MAR 20
Name and mailing address o f the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Form PCT/ISA/2 10 (second sheet) (July 2009)



INTERNATIONALSEARCH REPORT International application No.

PCT/IB 12/56289

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2008/0080635 A 1 (HUGL K et al.) April 3, 2008, paragraph [0038] 5, 6/5, 7/5, 8/5, 13, 14/13,
15/13, 16/13, 17/13 and
18/13

EP 2182754 A 1 (LINCOLN B et el.) May 5, 2010, paragraph [0040] 4 , 6/4, 7/4, 8/4, 12, 14/12,
15/12, 16/12, 17/12 and
18/12

Form PCT/ISA/2 10 (continuation of second sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

