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PTO/AIAM4 (11-15)
Approved for use through D4/30/2017. OMB €851-0032
U.S Patentand Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of & ion unless it conl. a valid OMB control number.

Attorney Docket Number | 4015-9595 / P45698-US2
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Codebook Subset Restriction Signaling

The appiication dala sheet is part of the provisional or nonprovisional applicalion for which il is being submitied. The following form contains the
bibliographic dala arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and suomitted fo the Office in electronic format using the Electronic Filing Sysiem (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

] Partions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:
Inventor I1 | Remove |

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| . Febastian | Faxér | "
Residence Information (Select One) US Residency e Non US Residency Active US Military Service

City Fé%’ Ta ] Country of Residence i EE Il

Mailing Address of Inventor:

Address 1 rkarbyvagen 53 D

Address 2

City | Jarialia | State/Province I |

Postal Code | ]SE<17744 ] Countryi | |SE

Inventor lz ol

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| - IVIattias | ':renne I v
Residence Information (Select One) US Residency (@ Non US Residency Active US Military Service

Mailing Address of Inventor:

Address 1 eologvagen 20
Address 2
City | Lippsala | state/Province | |
Postal Code | sE-75443 | Countryi | [sE

Inventor E e
Legal Name

EFSWeb 2212
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U.S. Patent and Trademark Office; U.S, DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are raquired to respond to a col 1 of

ion unless |t ins a valid OMEB control number,

S sz Attorney Docket Number
Application Data Sheet 37 CFR 1.76

4015-9595 / P45698-US2

Application Number

Title of Invention | Codebook Subset Restriction Signaling

Prefix| Given Name Middle Name Family Name Suffix
I - Fimon ljarmyr | .
Residence Information (Select One) US Residency  (8) Non US Residency Active US Military Service

City Ekarpnéick I Country of Residence i

I{%

Mailing Address of Inventor:

Address 1 uftfartsgatan 8

Address 2

City ‘ Pkarpnack | state/Province | I

Postal Gode | [sE-12834 | Countryi | BE

Inventor |4 Remove

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| EI Feorge [Jﬁngren | El
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service

il S——

Mailing Address of Inventor:

Address 1 nogardsvagen 44

Address 2

City | Fundbyberg | state/Province

Postal Code | [5E-17462 | Countryi | |se

Inventor ]5

Legal Name

Prefix| Given Name

Middle Name

Family Name

Suffix

| B lﬂiklas

lNemersson

[ [

Residence Information {Select One)

US Residency

(® Non US Residency

Active US Military Service

City Eolna I Country of Residence i

E—

Mailing Address of Inventor:

Address 1 unvagen 14

Address 2

City | Bolna | state/Province l ]
Postal Code | |5E-17068 | Countryi | sE
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PTO/AIAM4 (11-15)

Approved for use through D4/30/2017. OMB €851-0032

U.S. Patent and Trademark Office; U.S, DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of i ion unless it ins a valid OMB control number.

Attorney Docket Number | 4015-9595/ P45698-US2

Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | Codebook Subset Restriction Signaling

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[] An Address is being provided for the correspondence Information of this application.

Customer Number 4112
Email Address | [AddEmal |  [Remove Emai

Application Information:

Title of the Invention Eodebook Subset Restriction Signaling

Attorney Docket Number| 40159595 / P45698-US2 Small Entity Status Claimed [ |

Application Type Nonprovisional -
Subject Matter tility -
Total Number of Drawing Sheets (if any) 14 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed, Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

Far the purposes of a filing date under 37 CFR 1.53(b), the descripticn and any drawings of the present application are replaced by this
reference to the previously filed application, subject ta conditions and requirements of 37 CFR 1.57(a).

j
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:
] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all praclitioners having a power of atiorney in the application. Providing
this information in the Application Data Sheet does not conslitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing
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PTO/AIAM4 (11-15)

Approved for use through D4/30/2017. OMB €851-0032

US. Patent and Trademark Office; U.S, DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of i ion unless it ins a valid OMB control number.

Attorney Docket Number | 4015-9595/ P45698-US2
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | Codebook Subset Restriction Signaling

Please Select One: e Customer Number US Patent Practitioner I () Limited Recognition (37 CFR 11.9)
Customer Number 4112

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 385(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number” field blank.
Prior Application Status Iﬁendmg .
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
| | 371 of intemational -] PcTisE2016/050009 Pm&um 1
Prior Application Status | [Expired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
IDCT/sezmslosooog Flaims benefit of provisional  |«] 62/103101 Pmsm-m
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This seclion allows for the applicant to claim priority to a foreign application. Praviding this information in the applicalion data sheel
constitutes the claim for priority as required by 35 U,S.C, 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PD)()I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign prionity application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove
Application Number Cc:ountryI Filing Date (YYYY-MM-DD) Access Code! (if applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications
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PTO/AIAM4 (11-15)

Approved for use through D4/30/2017. OMB 08510032

U.S. Patent and Trademark Office; U.S, DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are raquired to respond to a collection of ion unless it ins a valid OMB control number.

Attorney Docket Number | 4015-89595/ P45698-US2

Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | Codebook Subset Restriction Signaling

Applicant Information:

Providing assignment informalion in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Ofiice,

Applicant Ll

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1 45), this section should not be completed
The information to be provided in this section 1s the name and address of the legal representative whao is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the invenlor is under an obligation fo assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this secfion.

Clear
® Assignee Legal Representative under 35 U.8.C. 117 Joint Inventor
Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

—

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name Irelefonakﬂebolaget LM Ericsson (publ)

Mailing Address Information For Applicant:

Address 1 E-164 B3
Address 2
City tockholm State/Province
Countd | FE Postal Code
Phane Number Fax Number
Email Address
Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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PTO/AIAM4 (11-15)

Approved for use through 04/30/2017. OMB 0851-0032

U.S. Patent and Trademark Office; U.S, DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are raquired to respond to a collection of ion unless it ins a valid OMB control number,

Attorney Docket Number | 4015-89595/ P45698-US2
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | Codebook Subset Restriction Signaling

Assignee |1

Complete this section if assignee information, including non-applicant assignee information, is desired ic be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section anly if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Nen-Applicant Assignee is an Organization check here. ]
Prefix Given Name Middle Name Family Name Suffix

1] I | '

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City | I State/Province
Country! | I Postal Code
Phone Number Fax Number
Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

entity (e.g., corporation or association). If the applicant is twe or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney {(e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making sighatures and certifications.

Signature |/ Justin J. Leonard / Date (YYYY-MM-DD)| 2016-06-17
First Name I.Iustin Last Name ] Feonard Registration Number | 60986
Additional Signature may be generated within this form by selecting the Add button.
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Precoding may be intérpreted as muitiplying the signal with different beamforming
weights for each anlenna prior to transmission. A typical approach is (o tailor the precoder to the
antenna form faclor, ie taking info account My, M, and M,, when designing the precoder
codebook.

According lo some embodiments, a precader codsbook is tallored for 20 antenna arrays
by combining precaoders tailored for a horizontal array and a vertical array respactively by
means of a Kronecker product. This means that (at least pari of) the precoder can be described
as a function of

W, @MW,
where IV, is a horizontal precoder taken from a (sub)-codebock X, containing N); codewords
and similarly W is a vertical precoder taken from a (sub)-codebook X, containing Ny
codewaords. The joint codebook, denoted X, ®@X,, thus contains NV, - N, codewords. The
elements of X,, are indexed with it = 0, ..., N, — 1, the slements of X, are indexed with [ =
0,.., M. — 1 and the glements of the joint codebook X, & X, ars indexed with m = Ny -k +1
meaning thalt m=0, . Ny - Ny — 1

In some embodiments, for example, the {subj-codebooks of the Kronecker codebook
consist of DF T-precoders. In this case, the horizontal codebook can be expressed as X =
b a1

N e o gt e M

1 2 T s STy, e =0, M@y — 1, whers @, Is an integer horizontal

ovarsampling facter and 4, can take on valus in the interval 0 to 1 s0 as to "shiff” the beam
paitern {4, =0.5 could be an interesting value for creating symmetry of beams with respect o

the broadside of an array). And the vertical codebook can be expressed as

-
114 o [Mp=1) A
o :2],‘,( e L)

iy = . n s
BRG  @TTTG =0, .., MG, ~ |, where 0,is an integer verlical

X, =il

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

It showld be pointed out that a precoder codebook may be defined in several ways For
example, the above mentioned Kranacker codebook may be interprated as one codebaok
indexed with a single PMI m. Alternatively, it may be interprefed as a single codebook indexed
with two PMis [ and 1. It may also be interpreted as two separate codebooks, indexed with &
and [ respectivly. Furher, the Kronecker codebook discussed above may only describe 2 part of
the precoder, 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 &, { and n respectively, or two separate codebooks with
indices m = N, - & + | and n respectivly. i may alsc be interpreted as a single joint codebook
with a joint PMI. Embodiments herein should be considered agnostic with respect to how a
codebook is defined,

With this understanding, the codeboak at Issue in Figure 2 may be a Kronecker

codebook that comprises different precoders indexed (at least in pan) by different possible
11
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SWIGISH PATYRT AND RERFSTHATION DFFITE

Acknowledgement of receipt
We hereby acknowledge receipt of your request for the processing of an inlernational application according
fo the Patent Cooperalion Treaty as {ollows:

Subrnission number
PCT application number
Date of receipt

Recelving Office

1000077276
PCT/SEZ016/050009
11 January 2016

Swedish Patent and Regislration Office

Your relerence
Applicant

Number of applicants
Country

Tille

P45698WO1
Telefonakliebolaget L M Ericsson (publ)
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