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CODEBOOK SUB-SAMPLING FOR FREQUENCY-SELECTIVE PRECODING

FEEDBACK

CROSS-REFERENCE TO RELATED APPLICATIONS

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

61/556,757, filed November 7, 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 providing channel feedback in wireless

communication systems.

BACKGROUND

[0003] In some communication systems, a mobile communication terminal receives

downlink signals from a base station over a communication channel, and sends feedback

indicative of the response of the communication channel to the base station. The base station

configures subsequent transmissions based on the feedback.

[0004] Channel feedback of this sort is used, for example, in Evolved Universal

Terrestrial Radio Access (E-UTRA) systems specified by the 3rd Generation Partnership

Project (3GPP). These systems are also referred to as Long Term Evolution (LTE) and LTE

Advanced (LTE-A). Channel feedback schemes for E-UTRA are specified, for example, in

3GPP Technical Specification TS 36.213, entitled "LTE; Evolved Universal Terrestrial Radio

Access (E-UTRA); Physical Layer Procedures," version 10.3.0, Release 10, September, 201 1,

which is incorporated herein by reference.

[0005] 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

[0006] An embodiment that is described herein provides a method including, in a

mobile communication terminal, holding a definition of a sub-sampled codebook identifying

precoding matrices, which are selected from a master codebook that is made-up of a wideband

codebook and a frequency-selective codebook. The definition defines a first subset of the

wideband codebook and a second subset of the frequency-selective codebook. The second

subset of the frequency-selective codebook is represented using no more than two bits. A

Multiple-Input Multiple-Output (MIMO) signal is received in the terminal. Based on the



received MIMO signal, one or more precoding matrices are selected from the sub-sampled

codebook for precoding subsequent MIMO signals transmitted to the terminal, and precoding

feedback indicating the selected precoding matrices is calculated. The precoding feedback is

transmitted from the terminal.

[0007] In some embodiments, selecting the precoding matrices includes selecting a

single precoding matrix from the first subset, and selecting from the second subset multiple

precoding matrices corresponding to multiple respective spectral sub-bands.

[0008] In some disclosed embodiments, holding the definition includes defining

multiple first subsets and multiple second subsets for multiple respective ranks of the MIMO

signal. In an example embodiment, defining the second subsets includes defining each second

subset to include only a single precoding matrix for any rank that is higher than a predefined

threshold rank. In another embodiment, defining the second subsets includes defining each

second subset to include no more than two precoding matrices for any rank that is higher than

a predefined threshold rank.

[0009] In yet another embodiment, transmitting the precoding feedback includes

sending the precoding feedback over a Physical Uplink Shared Channel (PUSCH). In still

another embodiment, the wideband codebook and the frequency-selective codebook are each

formed of sixteen precoding matrices having first indices {0. . . 15} and second indices

{0. . . 15}, respectively, the first subset is formed of the precoding matrices having the first

indices {0,1,2,. . .,13,14}, and the second subset is formed of the precoding matrices having the

second indices {0,1,2,3} or the precoding matrices having the second indices {0,1,4,5}.

[0010] In an embodiment, holding the definition includes sub-sampling the master

codebook only for ranks of the MIMO signal that are higher than one. In a disclosed

embodiment, calculating the feedback includes calculating multiple Channel Quality

Indicators (CQIs) for multiple respective spectral sub-bands, and differentially encoding the

multiple CQIs.

[0011] There is additionally provided, in accordance with an embodiment that is

described herein, apparatus including a memory, a receiver, processing circuitry and a

transmitter. The memory is configured to hold a definition of a sub-sampled codebook

identifying precoding matrices, which are selected from a master codebook that is made-up of

a wideband codebook and a frequency-selective codebook. The definition defines a first subset

of the wideband codebook and further defines a second subset of the frequency-selective

codebook, such that the second subset of the frequency-selective codebook is represented

using no more than two bits. The receiver is configured to receive a Multiple-Input Multiple-



Output (MIMO) signal. The processing circuitry is configured to select from the sub-sampled

codebook, based on the received MIMO signal, one or more precoding matrices for precoding

subsequent MIMO signals transmitted to the receiver, and to calculate precoding feedback

indicating the selected precoding matrices. The transmitter is configured to transmit the

precoding feedback.

[0012] 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.

[0013] 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

[0014] Fig. 1 is a block diagram that schematically illustrates a communication

system, in accordance with an embodiment that is described herein; and

[0015] Fig. 2 is a flow chart that schematically illustrates a method for providing

precoding feedback, in accordance with an embodiment that is described herein.

DETAILED DESCRIPTION OF EMBODIMENTS

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

schemes for use in LTE, LTE-A and other suitable mobile wireless communication networks.

In some embodiments, a mobile communication terminal (also referred to as User Equipment

- UE) receives a downlink Multiple-Input Multiple Output (MIMO) signal from a base station

(also referred to herein as eNodeB). The received downlink signal is typically precoded with a

certain precoding scheme - A set of weights that are applied to the eNodeB antennas. Each

precoding scheme is typically represented by a precoding matrix. Based on the received

downlink signal, the UE calculates precoding feedback that is indicative of the precoding

matrix preferred by the UE for precoding subsequent transmissions by the eNodeB. (The

precoding scheme that is applied by the eNodeB typically comprises a suitable set of weights

applied to the eNodeB transmit antennas.) The UE then transmits the precoding feedback to

the eNodeB.

[0017] In an embodiment, the UE selects the preferred precoding matrix from a

codebook that is agreed upon between the UE and the eNodeB, and the precoding feedback

indicates an index that indicates the selected precoding matrix in the codebook to the eNodeB.

This sort of feedback is sometimes referred to as Precoding Matrix Indication (PMI).

Typically, the codebook is defined per rank, i.e., per each number of simultaneous data



streams (also referred to as spatial streams or spatial layers) that are transmitted from the

eNodeB to the UE in the downlink MIMO signal.

[0018] In some embodiments, the UE transmits the precoding feedback to the

eNodeB, possibly along with other types of feedback, over a Physical Uplink Shared Channel

(PUSCH). The PUSCH has only a limited number of bits for allocating to feedback

information. Therefore, in the disclosed embodiments, the UE uses a sub-sampled codebook

that is selected from a certain master codebook in order to reduce the feedback bandwidth. The

disclosed embodiments provide several examples of sub-sampled precoding codebooks for use

over the PUSCH in various operational modes.

[0019] In some embodiments, the master codebook is made-up of a combination of a

wideband codebook denoted W l and a frequency-selective codebook denoted W2. The

wideband codebook is typically applicable to the entire downlink bandwidth allocated to

system 20, while the frequency-selective codebook is typically applicable to narrower spectral

sub-bands of the allocated bandwidth. Each precoding scheme in this embodiment comprises a

precoding matrix selected from the wideband codebook, and one or more precoding matrices

selected from the frequency selective codebook for use in one or more respective spectral sub-

bands. Since the W2 codebook is frequency-selective, the precoding scheme typically

comprises multiple precoding matrices selected from the frequency selective codebook for use

in multiple respective sub-bands.

[0020] Typically, the wideband codebook represents the component of the precoding

operation that exhibits little or no variation over frequency (over the frequency of the

downlink MIMO signal transmitted by the eNodeB). The frequency-selective codebook

represents the component of the precoding operation that varies (e.g., in amplitude and/or

phase of the various precoding weights) from one spectral sub-band to another. In these

embodiments, each sub-sampled codebook is defined as a combination of a subset of the

wideband codebook and a subset of the frequency-selective codebook.

[0021] In some embodiments, the UE is configured to hold multiple sub-sampled

codebooks corresponding to various ranks (i.e., for each possible number of simultaneous data

streams that may be transmitted to the UE). The UE calculates the precoding feedback by first

selecting the appropriate sub-sampled codebook for the applicable rank, and then chooses the

preferred precoding matrices from the selected sub-sampled codebook.

[0022] In the disclosed embodiments, each sub-sampled frequency-selective (W2)

codebook is represented using no more than two bits. In other words, for any given rank, the

sub-sampled frequency-selective codebook comprises no more than four precoding matrices



selected from the frequency-selective codebook of the master codebook. Several examples of

sub-sampled codebooks for various ranks are described in detail below.

[0023] The methods and systems described herein are designed to optimize the sub-

sampling of the master codebook, so as to provide accurate precoding feedback using the

limited bandwidth resources of the PUSCH. By providing accurate precoding feedback, the

disclosed techniques enable the eNodeB to improve system performance, e.g., increase

downlink throughput and reduce interference to neighboring cells and UEs.

[0024] The disclosed techniques are useful, for example, in scenarios where the

preferred beam steering directions are highly frequency-selective, such as when using cross-

polarized eNodeB antenna configurations. Another cause for frequency-selective precoding

feedback is time misalignment between the eNodeB antennas. In such environments, limiting

the frequency-selective feedback to a small number of bits is highly desirable because this

feedback is transmitted multiple times for multiple spectral sub-bands.

[0025] Fig. 1 is a block diagram that schematically illustrates a communication

system 20, in accordance with an embodiment that is described herein. System 20 comprises a

mobile communication terminal 24, also referred to as a User Equipment (UE). The UE may

comprise, for example, a cellular phone, a wireless-enabled mobile computer, or any other

suitable type of terminal having communication capabilities. UE 24 communicates with a base

station (BS) 28, also referred to as an eNodeB.

[0026] In the embodiments described herein, system 20 operates in accordance with

the LTE-A specifications. Alternatively, however, system 20 may operate in accordance with

any other suitable communication protocol. The example of Fig. 1 shows only a single BS and

a single UE for the sake of clarity. Real-life systems, however, typically comprise multiple

BSs and multiple UEs.

[0027] In the present embodiment, UE 24 comprises one or more antennas 32 for

receiving downlink MIMO signals from BS 28 and for transmitting uplink signals to the BS. A

downlink receiver (RX) 36 receives the downlink signals and an uplink transmitter (TX) 40

transmits the uplink signals. UE 24 further comprises processing circuitry 44 and a memory

48.

[0028] Memory 48 holds a definition 52 of sub-sampled wideband and frequency-

selective codebooks, a respective pair of sub-sampled wideband and frequency-selective

codebooks per each rank supported by the UE. The wideband and frequency-selective

codebooks are also denoted W l and W2, respectively. In a given pair, the wideband codebook

is formed of a subset of the precoding matrices in the wideband codebook of the master



codebook. The frequency-selective codebook in the given pair is formed of a subset of the

precoding matrices in the frequency-selective codebook of the master codebook. Both subsets

of precoding matrices are typically defined in advance, e.g., by simulation, so as to provide

optimal precoding accuracy for the given rank.

[0029] As will be explained and demonstrated below, each sub-sampled frequency-

selective (W2) codebook is represented using no more than two bits, in an embodiment. In

other words, for any given rank, the sub-sampled frequency-selective codebook comprises no

more than four precoding matrices selected from the frequency-selective codebook of the

master codebook.

[0030] In the embodiment seen in Fig. 1, processing circuitry 44 comprises a

codebook selection unit 56, which selects the appropriate pair of sub-sampled Wl and W2

codebooks for the applicable rank. A feedback calculation unit 60 chooses a preferred

precoding scheme based on the received downlink MIMO signal. Unit 60 chooses the

precoding scheme from within the pair of sub-sampled codebooks selected by unit 56. The

preferred precoding scheme comprises a precoding matrix from the subset of wideband

precoding matrices in that pair of codebooks, and one or more precoding matrices

(corresponding to one or more respective spectral sub-bands) from the subset of frequency-

selective precoding matrices in that pair of codebooks.

[0031] Feedback calculation unit 60 formats precoding feedback that is indicative of

the preferred precoding scheme. The precoding feedback uses some or all of the available bits

in the PUSCH. Unit 60 provides the precoding feedback to uplink transmitter 40, which

transmits the precoding feedback to BS 28 over the PUSCH. BS 28 typically decodes the

precoding feedback from the PUSCH and uses the feedback in deciding the precoding of

subsequent downlink transmissions.

[0032] As seen at the bottom of Fig. 1, in this example embodiment the total

downlink bandwidth of system 20 is divided into multiple Sub-Bands (SB). For each sub-

band, unit 60 calculates and formats a respective frequency-selective (W2) feedback

comprising no more than two bits, which indicates the index of the precoding matrix from the

frequency-selective (W2) codebook that is preferred for use in this sub-band. In addition, unit

60 calculates and formats wideband (Wl) feedback, which indicates the index of the preferred

precoding matrix from the wideband (Wl) codebook.

[0033] The UE configuration shown in Fig. 1 is an example configuration, which is

depicted 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.

[0034] In various embodiments, some or all of the elements of UE 24, including

downlink receiver 36, uplink transmitter 40, processing circuitry 44 and/or memory 48, are

implemented in hardware, such as implementing receiver 36 and/or transmitter 40 using one or

more Radio Frequency Integrated Circuits (RFICs), or implementing processing circuitry 44

using one or more Field-Programmable Gate Arrays (FPGAs) or Application-Specific

Integrated Circuits (ASICs). Memory 48 comprises any suitable type of memory device, for

example Random Access Memory (RAM) or non-volatile memory such as Flash memory.

[0035] In alternative embodiments, certain UE elements are implemented in

software, or using a combination of hardware and software elements. In some embodiments,

some or all of the elements of UE 24, including receiver 36, transmitter 40, processing

circuitry 44 and/or memory 48, are implemented in a signal processing chip-set for use in

mobile communication terminals.

[0036] In some embodiments, certain UE elements, such as certain elements of

processing circuitry 44, 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 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.

[0037] As explained above, in some embodiments UE 24 transmits frequency-

selective precoding feedback to eNodeB 28. In an embodiment, the UE transmits one

precoding matrix selected from the appropriate sub-sampled wideband (Wl) codebook, and

multiple precoding matrices (for use in respective multiple sub-bands) selected from the

appropriate sub-sampled frequency-selective (W2) codebook. Feedback of this sort, which is

transmitted over PUSCH, is described in 3GPP TSG-RAN document Rl-105883, entitled

"Details of PUSCH 3-2 for 8TX," November, 2010, which is incorporated herein by reference.

[0038] In the embodiments disclosed herein, the sub-sampled frequency-selective

codebooks are defined such that the frequency-selective feedback for each sub-band comprises

no more than two bits. In other words, each sub-sampled frequency-selective codebook

comprises no more than four precoding matrices.

[0039] UE 24 may use the remaining PUSCH bits for any other suitable purpose. In

an embodiment, the remaining PUSCH bits are used for improving Multi-User MIMO

performance, for example by transmitting Multi-User Channel Quality Indicators (MU-CQI)



feedback. MU-CQI feedback schemes are addressed, for example, in U.S. Patent Application

13/253,078, entitled "Enhanced channel feedback for multi-user MIMO," which is assigned to

the assignee of the present patent application and whose disclosure is incorporated herein by

reference.

[0040] In an example embodiment, UE 24 uses a master Wl and W2 codebook

given in the following table:

Table 1: Example master codebook

[0041] The indices of the Wl and W2 precoding matrices in Table 1 follow the

notation of the 3GPP TS 36.213 specification, cited above. In this specification, each of the

Wl and W2 codebooks comprises sixteen precoding matrices having indices {0,1,2,3,. ..,15}.

In the master codebook given in Table 1, the W2 codebook size is already reduced to two bits

for ranks 1-4 (RI=1,2,3 or 4), i.e., for up to four simultaneous data streams transmitted to the

UE.

[0042] As can be seen in the table, above rank 4 (for RI=5,6,7 or 8) the W2

codebook comprises only a single precoding matrix {0}. In other words, for ranks higher than

four, the W2 codebook is assigned zero feedback (FB) bits. The choice of assigning zero W2

feedback bits for ranks higher than 4 is made purely by way of example. In alternative

embodiments, zero W2 feedback bits (i.e., a single constant W2 precoding matrix) can be

assigned for ranks that exceed any other predefined rank threshold. For example, Table 1 can

be modified such that the W2 indices are set to {0} (zero W2 feedback bits) for RI>2.



[0043] In an embodiment, when UE 24 comprises two antennas 32, the UE uses the

sub-sampled Wl and W2 codebooks given in the following table:

Table 2: Example sub-sampled codebookfor 2-antenna UE, derivedfrom the master

codebook of Table 1

[0044] In another embodiment, when UE 24 comprises four antennas 32, the UE

the sub-sampled Wl and W2 codebooks given in the following table:

Table 3: Example sub-sampled codebookfor 4-antenna UE, derivedfrom the master

codebook of Table I

[0045] Examples of simulation results for the above sub-sampled codebooks are

provided in U.S. Provisional Patent Application 61/556,757, cited above. These simulation

results show that limiting the W2 feedback to two bits per sub-band has a negligible effect on

performance.

[0046] In an alternative embodiment, UE 24 uses a sub-sampled codebook given in

the following table:



Rank # of bits W l precoding # of bits W2 precoding Total # of

Indicator in W l matrix indices in W2 matrix indices FB bits

(RI) FB FB

1 4 {0,1,2,. ..,14} 2 {0,1,2,3} 6

2 4 {0,1,2,. ..,14} 1 {0,1} or {0,4} 5

3 3 {0,1,2,. . .,7} 1 {0,2} or {0,8} 4

4 3 {0,1,2,. . .,7} 1 {0,1} or {0,4} 4

5 2 {0,1,2,3} 0 {0} 2

6 2 {0,1,2,3} 0 {0} 2

7 2 {0,1,2,3} 0 {0} 2

8 0 0 0 {0} 0

Table 4: Example sub-sampled codebook

[0047] In this example, for ranks higher than 1 (RI>1), the W2 codebook is reduced

to a maximum of a single feedback bit (a maximum of two W2 precoding matrices).

[0048] The precoding schemes described in Tables 1-4 above are chosen purely by

way of example. In alternative embodiments, UE 24 may use any other suitable precoding

scheme that allocates no more than two feedback bits for the frequency-selective (W2)

feedback.

[0049] Fig. 2 is a flow chart that schematically illustrates a method for providing

precoding feedback, in accordance with an embodiment that is described herein. The method

begins with UE 24 storing in memory 48 a definition 52 of wideband and frequency-selective

codebooks, sub-sampled per rank, at an initialization operation 70. Any suitable sub-sampled

codebooks, such as the codebooks described above, can be used. Typically, the codebooks are

sub-sampled such that the W2 (frequency-selective) codebooks each comprises no more than

four precoding matrices, and is thus encoded using no more than two feedback bits.

[0050] Downlink receiver 36 receives a downlink MIMO signal from eNodeB 28, at

a reception operation 74. Codebook selection unit 56 selects the appropriate sub-sampled Wl

and W2 codebook for the applicable rank, at a codebook selection operation 78.

[0051] Based on the received downlink MIMO signal, feedback calculation unit 60

chooses a preferred pre-coding scheme from the selected sub-sampled codebook, at a

precoding scheme selection operation 82. The selected precoding scheme typically comprises



a precoding matrix from the selected sub-sampled Wl codebook, and multiple precoding

matrices (for use in respective sub-bands) from the selected sub-sampled W2 codebook.

[0052] Feedback calculation unit 60 calculates precoding feedback that is indicative

of the chosen preferred precoding scheme, at a feedback calculation operation 86. Unit 60

provides the precoding feedback to uplink transmitter 40. The uplink transmitter transmits the

precoding feedback to eNodeB 28 over the PUSCH, at an uplink transmission operation 90.

The eNodeB typically configures (e.g., precodes) its subsequent downlink transmissions using

the feedback.

[0053] In various embodiments, the sub-sampled codebooks described herein can be

used in different PUSCH feedback modes, whether specified or contemplated, such as the

PUSCH 3-2 or PUSCH 2-2 modes. In some embodiments, for high-speed channels the UE

uses a 3-bit W2 sub-sampled codebook such as {0,1,2,3,8,9,10,1 1}. In another embodiment,

the sub-sampled W2 codebook assigns one bit for encoding the relative phase between

antennas and one bit for encoding the beam steering angle (e.g., using Discrete Fourier

Transform - DFT - matrices), such as in {0,2,8,10}. (Again - the precoding matrix indices

follow the notation of the 3GPP TS 36.213 specification.) In yet another example

embodiment, the rank 1 W2 codebook is not sub-sampled, and sub-sampling is performed only

for higher ranks.

[0054] In some embodiments, in addition to providing frequency-selective

precoding feedback, UE 24 also provides frequency-selective CQI feedback. In other words,

UE 24 calculates and transmits multiple CQI values for multiple spectral sub-bands. In an

embodiment, feedback calculation unit 60 applies differential encoding to the multiple CQI

values, i.e., transmits only the differences between them and some reference CQI (e.g., the

wideband CQI).

[0055] In an example embodiment, unit 60 differentially-encodes the CQIs using

two bits according to the following table:



Sub-band differential CQI index Offset level

0 0

1 1

2 >2

3 <-l

[0056] Certain aspects of differential CQI encoding are addressed in the 3GPP TS

36.213 specification, cited above. For RI>1, in an embodiment, the wideband CQI values for

the two code words are differentially encoded according to Table 7.2-2 of 3GPP TS 36.213.

[0057] 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:

in a mobile communication terminal, holding a definition of a sub-sampled codebook

identifying precoding matrices, which are selected from a master codebook that is made-up of

a wideband codebook and a frequency-selective codebook, wherein the definition defines a

first subset of the wideband codebook and further defines a second subset of the frequency-

selective codebook, wherein the second subset of the frequency-selective codebook is

represented using no more than two bits;

receiving in the terminal a Multiple-Input Multiple-Output (MIMO) signal;

based on the received MIMO signal, selecting from the sub-sampled codebook one or

more precoding matrices for precoding subsequent MIMO signals transmitted to the terminal,

and calculating precoding feedback indicating the selected precoding matrices; and

transmitting the precoding feedback from the terminal.

2 . The method according to claim 1, wherein selecting the precoding matrices comprises

selecting a single precoding matrix from the first subset, and selecting from the second subset

multiple precoding matrices corresponding to multiple respective spectral sub-bands.

3 . The method according to claim 1 or 2, wherein holding the definition comprises

defining multiple first subsets and multiple second subsets for multiple respective ranks of the

MIMO signal.

4 . The method according to claim 3, wherein defining the second subsets comprises

defining each second subset to include only a single precoding matrix for any rank that is

higher than a predefined threshold rank.

5 . The method according to claim 3, wherein defining the second subsets comprises

defining each second subset to include no more than two precoding matrices for any rank that

is higher than a predefined threshold rank.

6 . The method according to claim 1 or 2, wherein transmitting the precoding feedback

comprises sending the precoding feedback over a Physical Uplink Shared Channel (PUSCH).

7 . The method according to claim 1 or 2, wherein the wideband codebook and the

frequency-selective codebook are each formed of sixteen precoding matrices having first

indices {0. . . 15} and second indices {0. . . 15}, respectively, wherein the first subset is formed

of the precoding matrices having the first indices {0,1,2, . ..,13, 14}, and wherein the second



subset is formed of the precoding matrices having the second indices {0,1,2,3} or the

precoding matrices having the second indices {0,1,4,5}.

8. The method according to claim 1 or 2, wherein holding the definition comprises sub-

sampling the master codebook only for ranks of the MIMO signal that are higher than one.

9 . The method according to claim 1 or 2, wherein calculating the feedback comprises

calculating multiple Channel Quality Indicators (CQIs) for multiple respective spectral sub-

bands, and differentially encoding the multiple CQIs.

10. Apparatus, comprising:

a memory, which is configured to hold a definition of a sub-sampled codebook

identifying precoding matrices, which are selected from a master codebook that is made-up of

a wideband codebook and a frequency-selective codebook, wherein the definition defines a

first subset of the wideband codebook and further defines a second subset of the frequency-

selective codebook, wherein the second subset of the frequency-selective codebook is

represented using no more than two bits;

a receiver, which is configured to receive a Multiple-Input Multiple-Output (MIMO)

signal;

processing circuitry, which is configured to select from the sub-sampled codebook,

based on the received MIMO signal, one or more precoding matrices for precoding subsequent

MIMO signals transmitted to the receiver, and to calculate precoding feedback indicating the

selected precoding matrices; and

a transmitter, which is configured to transmit the precoding feedback.

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

select a single precoding matrix from the first subset, and to select from the second subset

multiple precoding matrices corresponding to multiple respective spectral sub-bands.

12. The apparatus according to claim 10 or 11, wherein the memory is configured to hold

multiple first subsets and multiple second subsets for multiple respective ranks of the MIMO

signal.

13. The apparatus according to claim 12, wherein the memory is configured to hold in each

second subset only a single precoding matrix for any rank that is higher than a predefined

threshold rank.



14. The apparatus according to claim 12, wherein the memory is configured to hold in each

second subset no more than two precoding matrices for any rank that is higher than a

predefined threshold rank.

15. The apparatus according to claim 10 or 11, wherein the transmitter is configured to

transmit the precoding feedback over a Physical Uplink Shared Channel (PUSCH).

16. The apparatus according to claim 10 or 11, wherein the wideband codebook and the

frequency-selective codebook are each formed of sixteen precoding matrices having first

indices {0. . . 15} and second indices {0. . . 15}, respectively, wherein the first subset is formed

of the precoding matrices having the first indices {0,1,2, . ..,13, 14}, and wherein the second

subset is formed of the precoding matrices having the second indices {0,1,2,3} or the

precoding matrices having the second indices {0,1,4,5}.

17. The apparatus according to claim 10 or 11, wherein the memory is configured to hold

the sub-sampled codebook only for ranks of the MIMO signal that are higher than one.

18. The apparatus according to claim 10 or 11, wherein the processing circuitry is

configured to calculate multiple Channel Quality Indicators (CQIs) for multiple respective

spectral sub-bands and to differentially encode the multiple CQIs, and wherein the transmitter

is configured to transmit the differentially-encoded CQIs in the feedback.

19. A mobile communication terminal comprising the apparatus of claim 10 or 11.

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

apparatus of claim 10 or 11.
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