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A METHOD OF GENERATING A CODEBOOK

Field of the invention

The invention relates to a communication system and a communication method where

stations are using MIMO transmissions. In a particular example, the invention relates to

mobile network, like UMTS Long Term Evolution (LTE) network.

Background of the invention

In a wireless communication such as LTE, both the base station (also called the evolved

Node B or eNodeB) and terminal (also called User Equipment or UE) are typically equipped

with multiple antennas. This allows MIMO operation. The mobile terminals typically

measure the downlink channels for each pair of antennas and derives a channel state report to

send to the base station. The base station can then use this information for scheduling

decisions such as:

• Which terminals to transmit to;

• Which frequency/time/code resources are used;

• MIMO transmission mode (e.g. number of spatial streams, SU-MIMO or MU-

MIMO).

An effective method for capturing the channel state information is to select the entry from a

codebook of precoders which, if applied at the transmitter, would lead to the highest data

rate. The number of spatial streams assumed would typically be part of such a report.

Some codebook design issues for LTE-Advanced are considered in the following 3GPP

documents:

[1]: Rl- 100083 Precoding Codebooks for 8TX, (Marvell);

[2]: Rl- 100051 A Flexible Feedback Concept, (Ericsson, ST-Ericsson);

[3]: Rl- 100022 Codebook design for 8Tx DL MIMO, (CATT);

[4] : Rl -10025 1 Extensions to Rel-8 type CQI/PMI/RI feedback using double codebook

structure, (Huawei); and

[5]: Rl- 100531 DL Codebook Design for 8 Tx MIMO in LTE-A, (ZTE)

In LTE Release 8 a codebook is defined for the case of 4 antennas at the transmitter.



Methods have been proposed for extending this codebook to cover 8 antennas e.g. in [5].

A modification of the method in [5] needs to be proposed to render the amended method

more general and able to overcome the following problems :-

The new method has more design flexibility in selection of vectors (pairs of columns

from a set of 4x4 matrices, rather than an 8x8 matrix) in order to optimise codebook

design (e.g. for system performance)

o An additional parameter (specifying a phase rotation) can generate more

vectors than are available using the method in [5]. The method of [5]

effectively allows phase rotations of {1,- 1}. We propose {1.j,- 1,-j} .

- The new method does not need additional 2x2 matrices (e.g. five such are required in

the example given in [5])

The new codebook coefficients can easily be constrained to an 8PSK alphabet (by

limiting the constellation of the phase parameter)

The new design is more easily configurable to support different codebook sizes for

different transmission ranks

Summary of the invention

An object of the invention is to propose a method for generating a codebook which

alleviate the above mentionned problems.

In accordance with a first aspect of the invention, it is proposed a method for

operating a primary station comprising using a precoding codebook matrix/vector of length

2L being generated by the selection of two matrices/vectors, each from one of a

predetermined set of LxL matrices and multiplying each column of one of the

matrices/vectors by a complex coefficient.

In accordance with a second aspect of the invention, it is proposed a method for

operating a primary station comprising using a precoding matrix/vector of length 2L being

defined by an index and a transmission rank which together specify the two codebook

matrices/vectors of length L of which it is composed, and the complex coefficients applied to

the columns of one of the matrices/vectors.

In accordance with a third aspect of the invention, it is proposed a primary station

comprising means for generating a precoding codebook matrix/vector of length 2L being

generated by the selection of two matrices/vectors, each from one of a predetermined set of



LxL matrices and multiplying each column of one of the matrices/ vectors by a complex

coefficient.

In a system of the invention, a primary station may comprise means for carrying out

MIMO transmissions to at least one secondary station. Such MIMO transmissions usually

involve precoding to achieve the highest possible data rate.

In accordance with other aspects of the invention, it is proposed a method for

signalling a channel transfer function, wherein a terminal selects from a set of codebook

matrices with dimensions between Mxl and MxM, wherein the number of matrices of a

given dimension depends on the smaller of the matrix dimensions.

In a particular embodiment of this aspect of the invention, the number of entries is

larger for a smaller dimension.

Brief Description of the Drawing:

The present invention will now be described in more detail, by way of example, with

reference to the accompanying drawing, wherein:

Figure 1 is diagram representing schematically a system in which an embodiment of

the invention is implemented.

Detailed description

Release 8 codebook

For reference we repeat the Release 8 codebook specification for 4 antennas:-

For transmission on four antenna ports, p {0,1,2,3} , the precoding matrix W shall be selected

from Table 6.3.4.2.3-2 or a subset thereof. The quantity w s denotes the matrix defined by

the columns given by the set {s} from the expression W „ = I - 2u nu" /u"u n where I is the 4 x 4

identity matrix and the vector u n is given by the following Table 1.



Table 1:

Codebook for transmission on antenna ports {0,1,2,3} .

In accordance with an exemplary embodiment of the invention, and using the same notation

as above, a new codebook for 8 antennas can be defined in the form:-

{si}

Wnew" = G n l

< m
s W

nn l



Where Wnewm" is the new codebook entry for codebook index and number of layers ,

derived from two sets of coefficients from the Release 8 codebook defined by indices n l and

n2 and sets of columns {si} and {s2} respectively. Gv is a suitable scaling factor and is

a phase factor, which could be different per column. In contrast to UMTS Release 8, the sets

{si} and {s2} can contain the same column more than once (but differing by the phase

factor). This is necessary for transmission ranks greater than 4 .

Particularly for lower transmission ranks it may be that {sl}={s2} is the best choice, but this

is not necessarily the case and is certainly not a requirement.

For rank 1 with a ULA transmission at least some entries in the new codebook should match

those from a DFT-based codebook. We note that the process of generating a DFT (Discrete

Fourier Transform) based codebook entry for 8 antennas, starting with the Release 8

codebook entries for 4 antennas and extending the length of the vectors is equivalent to

copying coefficients in Wn from rows 1 to 4 into rows 5 to 8. Some sets of coefficients need

to be negated to maintain the DFT properties. This would also be supported by a codebook

structure like Γ 1
L ' w e e e P a e v a u e could be different per row.

This can typically be achieved if Wn ' corresponds to DFT based codebook entry, with

nl=n2 and {sl}={s2}, and with a suitable choice of m e {l,-l} .

For rank 1 transmission with a cross polar array at least some entries should be chosen such

that W = W , so that the same beam pattern can be transmitted on each polarisation.

Again in this case it is convenient if nl=n2 and {si }={s2} . A phase difference can be applied

between the polarizations if for example m e {l, 7,-1,-7} .

Also for rank 2 transmission with a cross polar array at least some entries should be chosen

such that W = , that the same beam pattern can be transmitted on each polarisation.

Again in this case it is convenient if nl=n2 and {sl} = {s2}. To map each spatial stream to a

different polarisation requires that the corresponding codebook entries have coefficients

which are zero for antennas on one of the polarisations. This can be achieved with a further

generalization to include more columns, taking the form:



Here we explicitly indicate that the new columns contain the same vectors for both

polarisations (so the same beam patterns are possible). Also the gain factor G may now

depend on which columns are selected.

If even more flexibility is required further generalisations are possible. For example, with

additional gain factors :-

By choosing appropriate gain factors, for cross polar arrays, this would allow the generation

of beams with different polarisation orientations, as might be required to match the physical

orientation of cross polar receiving antennas. For example, if n3=n5 and {s3}={s5}, then

= \, = 1 would generate one beam, and = \, γ = - 1 would generate a second beam

with a polarization at right angles. Intermediate case could b e used, such as

= 1.5, 7 = 0.5 = 1.5, γ = -0.5 . If the antenna array uses linear polarization , circular

polarization could be generated by = 1, y = j . Similar effects could be achieved by

choice of m but with less flexibility.

Further Extensions

As extensions to the principles used in Release 8, we can consider the following possibilities:

• For a given transmission rank more than one set of columns could be used with the

same value(s) of nl and n2, to generate entries for more than one codebook index.

• Not all codebook indices may be applicable to every transmission rank. Entries

designed for independent transmission of spatial streams on different polarisations

may not be applicable for rank 1 or very high rank cases.

• The effective size of the codebook does not have to be the same for all values of

transmission rank (e.g. it would be possible to have a larger codebook size for lower

transmission ranks). The example shown in the table below would require 8 bits to

signal the codebook index and transmission rank (one less bit than the case of a fixed

size of 6 bits for the codebook index and 3 bits for the rank).



Codebook index Number of layers supported

0 1 to 8

1 1 to 8

1 to 8

14 1 to 8

15 1 to 8

16 1 to 4

17 1 to 4

1 to 4

30 1 to 4

3 1 1 to 4

32 1 to 2

33 1 to 2

1 to 2

46 1 to 2

47 1 to 2

48 1 to 2

49 1 to 2

1 to 2

62 1 to 2

63 1 to 2

Further Embodiments

A further embodiment of the invention is in a system like LTE supporting MIMO

transmission. The UE provides spatial feedback to the eNB that can be understood as

indicating a precoder that can be used by the eNB in transmitting to the UE. This is

equivalent to the UE selecting a precoder from a codebook of possible precoders. For a given

number of antennas (e.g. 8), the specified codebook is designed with predetermined size (e.g.

4 bits). The UE may also feed back the preferred transmission rank (number of spatial

streams), using e.g. 3 bits.



The codebook may include entries optimized for particular antenna configurations (e.g. 8

element uniform linear array or 4 element cross polar array with two cross polar ports per

element).

As described above, the method for defining the codebook entries making up the codebook is

based on use of an existing codebook using a form such as:

Γ w' w' 0
Wnew = G n "

" ¾ o

In a variation of the embodiment the codebook size (i.e. number of applicable codebook

entries) depends on the transmission rank.

In a further variation, for a given transmission rank more than one set of columns could be

used with the same value(s) of nl and n2, to generate entries for more than one codebook

index.

In another embodiment based on LTE, a codebook for 8 transmit antennas is constructed

based on the following Kronecker product structure:

M
m,n

=K
m

W
n

Where:

• Wn is a 4x4 matrix from the release 8 codebook

•
m

is a one of a set of 2xk matrices

o k is an integer (preferably greater than 1)

o the contents ofK mare predetermined

o depending on the details of the embodiment, the contents ofK m ay depend on

one or more of-

■ m

■ Transmission rank (number of layers)



In the design of the codebook columns are selected from for codebooks for different

transmission ranks/numbers of layers (i.e. equivalent to codebook Wnewm" as described

above). For 8 Tx antennas the up to 8 layers could be supported.

The channel state feedback fron the terminal to the base station comprises at least

transmission rank and the indices m and n . Depending on the detils of the embodiment, the

update rates for m and n may be different or signalled by different methods. In a prefered

embodiment m is transmitted using PUCCH and n is transmitted using PUSCH. In a prefered

embodiment, m is updated more frequently than n .

For LTE-A there is no UE channel state feedback defined for the case of 8 transmit antennas

at the eNB. This document considers how the feedback for Release 8 could be extended to

support MIMO transmission in this case.

Discussion

Although antenna configurations at the eNB will not be standardized, some practical

configurations have been identified, which are most likely to be deployed in the cells of real

systems. The two main options for the 8 antenna case considered here are:

• 8 element uniform linear array

• 4 element cross-polar array (with co-located pairs of horizontal and vertical

antennas, giving 8 ports in total)

The UE can be assumed to have 2, 4 or 8 receive antennas, but at least initially, 2 antennas

(or possibly 4) is the most likely configuration. The UE antennas may be designed to provide

orthogonal polarizations.

We assume here that in highly scattering propagation environments, SU-MIMO is likely to

be most appropriate transmission scheme, with transmission of up to 8 spatial streams, but

only for those UEs with appropriate capabilities.

In environments with less scattering (i.e. approaching line of sight propagation), then MU-

MIMO operation is more likely to be beneficial, and the total number of spatial streams will

typically be limited by other factors than UE capabilities. It has been agreed in RANI that

the UE spatial feedback can be understood as indicating a precoder that can be used by the

eNB. This is equivalent to the UE selecting a precoder from a codebook of possible

precoders. This document considers in more detail the requirements for such a codebook,



with the main emphasis on MU-MIMO operation, and with the antennas configurations

mentioned above.

MU-MIMO operation with 8 element uniform linear array

As hinted in [1] we note that that a DFT based codebook design is well suited to MU-MIMO

operation with Rank 1 transmission. Selecting one of these codebook entries by the UE for

feedback to the eNB is equivalent to signal the azimuth angle of the UE location with respect

to the eNB antenna array (assuming near line-of-sight propagation). This allows the eNB to

form a beam in the direction of the UE. This aspect is well supported in the Release 8

codebook for 4 antennas, which contains 8 entries equivalent to those from a DFT based

codebook, and applicable for Rank 1 transmission. This provides an angular resolution of

pi/8 radians.

In order to support rank 1 MU-MIMO with 8 antennas at least as well as is done for 4

antennas, it would be desirable that Release 10 provides a Rank 1 codebook with at least 8

entries matching those of a DFT codebook, and with an angular resolution at least as fine as

pi/8 radians.

To allow better performance than for Release 8, providing 16 DFT based codebook entries

with an angular resolution of pi/16 could be considered. However, at this stage it is not clear

whether this would be beneficial.

MU-MIMO operation with 4 element cross-polar array

In [2] it was noted that the channel coefficients with a cross polar array are likely to be highly

correlated between the two polarizations (except for a phase factor), and the same beam

pattern may be appropriate for both polarizations. For line-of-sight conditions this is

physically reasonable provided the cross-polar elements are co-located.

Figure 1: From [1] showing the case of high correlation between two beam patterns to

the same UE on different polarisations

Therefore, the 4 element (8 port) cross-polar array can be viewed as providing two instances

of a 4 element linear array (distinguished by orthogonal polarizations). Furthermore, an

important case which should be supported in Release 10 is where the same precoding weights



would be applied on both polarization, with a possible phase difference, similar to proposals

in [3,4].

Therefore, assuming the same precoding would be applied to both polarizations, we now

consider two low rank cases, depending on the UE antenna properties:

(a) The UE cannot distinguish signals received with orthogonal polarizations. In this case

rank 1 MU-MIMO operation can be supported if the eNB transmits one copy of the

spatial stream on each polarization. This would be achieved with a codebook having a

4 1structure: . where A represents one of the set of precoding vectors/matrices which

can be applied to one polarization and 0 is one of a set of phase differences. The

phase difference is needed to avoid the possibility of destructive interference between

the two polarizations. Typically the UE should include this phase difference in its

feedback.

(b) The UE can distinguish signals received with orthogonal polarizations. In this case

rank 2 MU-MIMO operation can be supported if the eNB transmits two spatial

streams with the same beams but orthogonal polarizations. Depending on the actual

UE antenna orientation, this could be achieved, for example, by mapping one spatial

stream to each antenna polarization, using a codebook structure such as So

for this case it may not be necessary for the UE to feed back the phase difference

between the two polarizations, even if the phase difference was not zero. However, in

the more general case, other sets of orthogonal pre-coding weights could be required.

SU-MIMO operation with 4 element cross-polar array and 8 element linear array

In order to support rank 8 transmission efficiently with a cross polar array, it is likely that the

UE would need to also have cross polar antennas, in which case the channel coefficients may

be correlated between polarizations (except for a phase difference). In this case a suitable

approach for codebook design would be to require entries with the same beamforming

coefficients on the two polarizations, but allowing a phase difference. In this case a structure

such as might be appropriate, where θ _ are both from a set of possible phase
lb .

values.

When applied to an 8 element linear array (or other structure), the different phase rotations

would allow a variety of orthogonal beam patterns to be generated.



General proposal

Considering the above discussion, and the desirability of keeping the Release 8 codebook,

and its properties as far as possible in Release 10, the proposal in [5] seems a good starting

point. This re-uses vectors from the Release 8 codebook for 4 antennas to generate codebook

entries for 8 antennas. This proposal is further discussed and refined in the Annex below. The

resulting codebook structure would have the following properties:-

• Shared structure with Release 8 4 antenna codebook

• For a uniform linear array the codebook

o Contains entries matching a DFT based codebook suitable for MU-

MIMO rank 1 transmission

• For a cross-polar array the codebook

o Supports the same beam pattern for different polarisations

o Provides for a phase difference between the polarisations

o Provides orthogonal precoder weights for rank 2 transmissions across

polarisations, and suitable for MU-MIMO

• Compatible with both MU-MIMO and SU-MIMO

• UE PMI feedback could comprise

o Rank 1 to 8 (3 bits)

o Codebook index (4 bits or more)

Conclusions

From the above discussion on codebook design for UE feedback to support DL MIMO with 8

antennas we conclude the foliowing :-

• For efficient MU-MIMO in Release 10 it is desirable retain the DFT codebook

properties that are present in half of the entries in the existing Release 8 codebook.

• For efficient MU-MIMO with rank 1 with cross polar arrays, it is desirable to have a

codebook structure explicitly supporting two polarizations

o This implies the need for codebook vectors which allow the same beam

patterns on different polarizations, but with a possible phase difference

between polarizations



• For efficient rank 2 transmission with cross polar arrays, it is desirable to have a

codebook structure explicitly supporting two polarizations

o This implies the need for codebook vectors which allow the same or similar

beam patterns on different polarizations, but with a possible phase difference

between polarizations

o Codebook entries mapping a spatial stream to a polarization are also desirable.

• Re-use of the Release 8 codebook structure and design principles would be desirable

in order to simplify implementation

• A method has been proposed for deriving a Release 10 codebook for 8 antennas from

the Release 8 codebook for 4 antennas which meets the above requirements, and has

the following properties :-

o Compatible with both MU-MIMO and SU-MIMO

o Shared structure with Release 8 4 antenna codebook

o UE PMI feedback could conveniently comprise :-

■ Rank 1 to 8 (3 bits)

■ Codebook index (4 bits or more)

• The proposed approach would not preclude further enhancements (e.g. improved

feedback accuracy)

• In codebook comparisons, there should be an agreed antenna indexing scheme,

particularly for cross polar arrays, since different assumptions could have a significant

impact on performance.

In the exemplary embodiments, the precoding codebook is generated in the base

station. However, in variants of the invention, the mobile station or user equipment may

generate as well the precoding codebook in accordance with the invention.

The invention has particular, but not exclusive, application to wireless communication

systems that employ multiple modes of transmission between a primary and secondary

station, most notably MIMO and MU-MIMO modes. Examples include cellular systems such

as UMTS, UMTS LTE, and UMTS LTE-Advanced, as well as wireless LANs (IEEE

802.1 In) and broadband wireless (IEEE 802.16).



In the present specification and claims the word "a" or "an" preceding an element

does not exclude the presence of a plurality of such elements. Further, the word "comprising"

does not exclude the presence of other elements or steps than those listed.

The inclusion of reference signs in parentheses in the claims is intended to aid

understanding and is not intended to be limiting.

From reading the present disclosure, other modifications will be apparent to persons

skilled in the art. Such modifications may involve other features which are already known in

the art of radio communication.



CLAIMS

A method for operating a primary station, the primary station comprising

means for carrying out MIMO transmissions to at least one secondary station, said

MIMO transmissions involving precoding, the method comprising using a

precoding codebook matrix/vector of length 2L being generated by the selection

of two matrices/vectors, each from one of a predetermined set of LxL matrices

and multiplying each column of one of the matrices/vectors by a complex

coefficient.

A method for operating a primary station, the primary station comprising

means for carrying out MIMO transmissions to at least one secondary station, said

MIMO transmissions involving precoding, the method comprising using a

precoding matrix/vector of length 2L being defined by an index and a

transmission rank which together specify the two codebook matrices/vectors of

length L of which it is composed, and the complex coefficients applied to the

columns of one of the matrices/vectors.

The method of claims 1 or 2, wherein L=4.

The method of claim 3, wherein the complex coefficients are {0,l,-l,j,-j}.

The method of claim 1 or 2, wherein the precoding codebook is used

regardless of the number of secondary stations communicating with the primary

station in a MIMO mode.

ethod of claim 1, wherein the precoding codebook has a structure

where A represents one of the set of precoding vectors/matrices which

can be applied to one polarization and is one of a set of phase differences.

7 . The method of claim 8, wherein A is an element of a Discrete Fourier

Transform based codebook.



8. The method of claim 8 or 9, wherein the set of phase differences consists of

values <j>m {1,7,-1,-7}

9 . The method of claim 1, wherein the effective size of the codebook is not the

same for all values of transmission rank.

10. A primary station comprising means for carrying out MIMO transmissions to

at least one secondary station, said MIMO transmissions involving precoding, the

primary station further comprising means for generating a precoding codebook

matrix/vector of length 2L being generated by the selection of two

matrices/vectors, each from one of a predetermined set of LxL matrices and

multiplying each column of one of the matrices/vectors by a complex coefficient.
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