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where Wy is a horizontal precoder laken from a (sub)-codebook X conlaining Ny codewords
and similarly Wy is a verlical precoder taken from a (sub)-codebook X, conlaining N
codewords. The joint codebook, denoted X, ®X,,, thus contains Ny + Ny codewords. The
elements of Xy are indexed with k = 0, ..., Ny — 1, the elements of X are indexed with [ =
0,...,Ny — 1 and the elements of the joint codebook X,;®X are indexed with . = Ny - k + [
meaning that m =0, ... Ny - Ny — 1.

[0029] In some embodiments, for example, the (sub)-codebooks of the Kronecker codebook

consist of DFT-precoders. In this case, the horizontal codebook can be expressed as X}; =

iz”m;au JZ’r[M,l—LJiﬁah "
1e Mn ... MrQn ke =0,..,M,Q, — 1, where @, is an integer horizontal

oversampling factor and 4, can take on value in the interval 0 to 1 so as to "shift” the beam
pattern (4;,, =0.5 could be an interesting value for creating symmetry of beams with respect to
the broadside of an array). And the vertical codebook can be expressed as

11+ Ay o (M= AT
B e ¥ % A
A ] L =0,..,M,Q,— 1, where Q,is an integer vertical

x‘f{, = [1 e’ Mys e Mplin

oversampling factor and 4, is similarly defined as above.

[0030] It should be pointed out that a precoder codebook may be defined in several ways.
For example, the above mentioned Kronecker codebook may be interpreted as one codebook
indexed with a single PM| m. Alternatively, it may be interpreted as a single codebook indexed
with two PMIs k and L. It may also be interpreted as two separate codebooks, indexed with k
and [ respectivly. Further, the Kronecker codebook discussed above may anly describe a part of
the precoder, i.e. the precoder may be a function of other parameters as well. In a such
example, the precoder is a function also of anather PMI n. Again, this can be interpreted as
three separate codebooks with indices k,I and n respectively, or two separate codebooks with

indices m = Ny - k + | and n respectivly. It may also be interpreted as a single joint codebook
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area or interval that is restricted, in terms of one or more angular parameters. This restriction
may concern the angular pointing direction of a precoder as a whale, or the angular pointing
direction of any beam precoder forming the precoder.

[0087] In one embodiment, the angular area or interval may be represented by angular
points (¢, 8,) and (¢, 8,), spanning a rectangle in the angular domain. Here, ¢» and & are the
azimuth and zenith angles with respect to the eNodeB respectivly. Multiple such rectangular
areas may be signaled although the present embodiment focuses on the case of a single
rectangular area for simplicity. The UE may then calculate the angular pointing directions of the
precoders in the cadebook and compare them to the restricted angular area to derive the
codebook subset restriction. The UE may need some additional information regarding what to
assume about the transmitter antenna array (which does not need to correspond to the actually
used antenna array) to be able to calculate the pointing directions of the precoders. Consider an
exemplary embodiment where the (sub)-codebooks of the Kronecker codebook consist of DFT-
precoders, i.e

[0088] The horizontal codebook can be expressed as

T

7 n_lk-dh szth—ljk-Pdh
Xk = [1 e Mpln ..og MpQn k=0,..., M,Q, —1, where @y, is an integer horizontal

oversampling factor and 4, can take on value in the interval 0 to 1 so as to "shift” the beam
paitern (4, =0.5 could be an interesting value for creating symmetry of beams with respect to
the broadside of an array).

[0089] The vertical codebook can be expressed

; i ‘H-Hl.,, jzu(M'p- 14Dy T . " )
as Xy = [1 e’ Mty ... e MuQu A =0,..,M,Q, — 1, where Q,is an integer vertical

oversampling factor and 4, is similarly defined as above.
[0090] The pointing direction of precoder (k,{) can be calculated by first calculating the

pointing angle with respect to the broadside of the antenna array:
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k+a—Lefly
I e,
a2l
RO

[0091] Where d, and d;, is the vertical and horizontal antenna element spacing of the
array, in wavelengths, respectively. The mechanical downtilt angle £ is taken into account in
order to calculate the actual beam pointing angles as:

¢ = £(cos(¢p) sin(8) cos(—p) — cos(0) sin(—p) + j sin(d) sin(8))

0 = acos(cos(@) sin(@) sin(—p) + cos(—p) cos(8))
[0092] The UE needs to be signaled the additional information d g, dy and 8 to be able to
calculate the beam pointing direction of the precoders in the codebook. It is assumed that the
UE already knows the parameters Q,, M,,, Q;,, M, and A as part of the codebook structure.
[0093] The set of parameters ¢, 8.9, 61,dy. dy, B thus parameterizes the codebook
subset restriction in this embodiment. When signaling said parameters, several strategies may
be used.
[0094]

In one embodiment, each parameter is uniformly quantized with a number of bits,

over a predefined interval. An example is given in the table below.

Parameters Interval Quantization bits
Po, B0, 04 [0,180] [deg] 6
dy,dy [0,2] 4
B [-30,30] [deg] 6
[0095] In this embodiment, the number of bits required to signal the codebook subset

restriction is 38, Note that this is independent of the codebook size.
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Precoding may be interpreted as multiplying the signal with different beamforming
weights for each antenna prior to transmission. A typical approach is to tailor the precoder to the
antenna form factor, i e. taking into account M, M,, and M,, when designing the precoder

codebook.

According to some embodiments, a precoder codebook is tailored for 2D antenna arrays
by combining precoders tailored for a horizontal array and a vertical array respectively by
means of a Kronecker product. This means that (at least part of) the precoder can be described
as a function of

Wy@Ww,

where Wy is a horizontal precoder taken from a (sub)-codebook X, containing Ny codewords
and similarly W, is a vertical precoder taken from a (sub)-codebook X containing N,
codewords. The joint codebook, denoted X,®X,, thus contains Ny - N, codewords. The
elements of X, are indexed with k = 0, ..., Ny — 1, the elements of X, are indexed with | =
0, ..., Ny — 1 and the elements of the joint codebook X, ®X, are indexed with m = Ny, - k+ |
meaning that m =10, ..., Ny - N, — 1.

In some embodiments, for example, the (sub)-codebooks of the Kronecker codebook

consist of DFT-precoders. In this case, the horizontal codebook can be expressed as X% =

sz“*‘a" jzz!_{ﬂfh—l)k-i-éj, T
1" Maln oo g MpQn Le=0,..,M,Q, — 1, where @, is an integer horizontal

oversampling factor and 4, can take on value in the interval O to 1 so as to "shift” the beam
pattern (4, =0.5 could be an interesting value for creating symmetry of beams with respect to
the broadside of an array). And the vertical codebook can be expressed as

Wdy jomitiet 114-41,]"
[

f2m

2
e‘f MyQu .. g MyQu

X =i =0,..,M,Q, — 1, where @,is an integer vertical

oversampling factor and 4,, is similarly defined as above.

It should be pointed out that a precoder codebook may be defined in several ways. For
example, the above mentioned Kronecker codebook may be interpreted as one codebook
indexed with a single PMI m. Alternatively, it may be interpreted as a single codebook indexed
with two PMIs k and [. [t may also be interpreted as two separate codebocks, indexed with k
and ! respectivly. Further, the Kronecker codebook discussed above may only describe a part of
the precoder, i.e. the precoder may be a function of other parameters as well. In a such
example, the precoder is a function also of another PMI n. Again, this can be interpreted as
three separate codebooks with indices k, [ and n respectively, or two separate codebooks with
indices m = Ny, - k + [ and n respectivly. It may also be interpreted as a single joint codebook
with a jeint PMI. Embodiments herein should be considered agnostic with respect to how a
codebook is defined.

With this understanding, the codebook at issue in Figure 2 may be a Kronecker

codebook that comprises different precoders indexed (at least in part) by different possible
1
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Consider an exemplary embodiment where the (sub)-codebooks of the Kronecker codebook
consist of DFT-precoders, i.e

The horizontal codebook can be expressed as

/erlk*‘lﬂ Izﬂ(Mh-l)kﬂ-.ﬁh &
e a4

X5 =1 Mnp2p MpQp Lk =0,..,M,Q, — 1, where @, is an integer horizontal

oversampling factor and 4,, can take on value in the interval O to 1 so as to “shift’ the beam
pattern (4,, =0.5 could be an interesting value for creating symmetry of beams with respect to

the broadside of an array).

Jomtitay ¥ (Mv-x)u-Ap]T
f =

j2m

The vertical codebook can be expressed as X, = [1 e’ My e MpQu

0,...M,Q, — 1, where Q,is an integer vertical oversampling factor and 4, is similarly defined as
above.
The pointing direction of precoder (k, ) can be calculated by first calculating the pointing

angle with respect to the broadside of the antenna array:

3 k+a- &l
6= acos(W——-)
A __f+4 Q"ZM"
¢ = asin G M sin(B)

Where d, and d; is the vertical and horizontal antenna element spacing of the array, in
wavelengths, respectively. The mechanical downtilt angle g is taken into account in order to
calculate the actual beam pointing angles as:

¢ = 2(cos(¢) sin(F) cos(—p) — cos(@) sin(—p) + j sin(8) sin(8))
8 = acos(cos(@) sin(B) sin(—p) + cas(—p) cos(8))

The device 14 needs to be signaled the additional information dy, d, and f to be able to
calculate the beam pointing direction of the precoders in the codebock. It is assumed that the
device 14 already knows the parameters Q,,, M,,, 0, M, and A as part of the codebook structure.

The set of parameters ¢, 6,¢1, 84, dy, dy, B thus parameterizes the codebook subset
restriction in this embodiment. When signaling said parameters, several strategies may be used.

In one embodiment, each parameter is uniformly quantized with a number of bits, over a

predefined interval. An example is given in the table below.

Parameters Interval Quantization bits
@0, Bo,91. 64 [0,180] [deg] 6
dy,dy [0.2] 2
B [-30,30] [deg] 6
22
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2.  This REPORT consists of a total of 7 sheets, including this cover sheet.

3.  This report is also accompanied by ANNEXES, comprising:
a. B (senttoine applicant and to the International Bureau) a total of 11 sheets, as follows:

& sheets of the description, claims andfor drawings which have been amended and/or sheets containing
rectifications authorized by this Authority, unless those sheets were superseded or cancelled, and any
accompanying letters (see Rules 46.5, 66.8, 70.16, 91.2, and Section 607 of the Administrative
Instructions).

[l sheets containing rectifications, where the decision was made by this Authority not to take them into account
because they were not authorized by or notified to this Authority at the time when this Authority began to
draw up this report, and any accompanying letters (Rules 66.4bis, 70.2(e), 70.16 and 91.2).

[ superseded sheets and any accompanying letters, where this Authority either considers that the
superseding sheels contain an amendment that goes beyond the disclosure in the international application
as filed, or the superseding sheets were not accompanied by a letter indicating the basis for the
amendments in the application as filed, as indicated in item 4 of Box No. | and the Supplemental Box (see
Rule 70.16(b)).

b. [0 (sent to the International Bureau only) a total of (indicate type and number of elactronic carrier(s)) , containing a
sequence listing, in the form of an Annex G/ST.25 text file, as indicated in the Supplemental Box Relating to

Sequence Listing (see paragraph 3ter of Annex C of the Administrative Instructions).

4. This report contains indications rélating to the following items:

X Box No. | Basis of the report
O Box No. Il Priority
[J Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
[0 Box No. IV  Lack of unity of invention
& Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement
[0 Box No. VI  Certain documents cited
Box No. VIl Certain defects in the international application
& Box No. VIl Certain observations on the international application
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