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PT0.1390 (06-13) 
Approved for ose through 6130i2013. 0MB 0651-0021 

U.S. Palentand Trademark Office: U.S. DEPARTMENT OF COMME'RCE 
Uoder lhe PapetworJ< Redud 011 Act o( 1995, no persons are IeqUifed lo respond to a collect!on or informallon unless 11 displays a valid 0MB control number. 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 

CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 
International Application No. 

PCT/SE2016/050009 
Title of Invention 

I rntemaUonal Filing D;ite 

2016-01-11 

Codebook Subset Restriction Signaling 
Rrst Named Inventor 

Faxer, Sebastian 

Attorney Pocket No. 

4015-9595 I P45698-US2 
U.S. Application No. (if known. see 37 CFR 1,5) 

Priority Date Clalmed 

'2015-01-14 

Applicant herewith submits to the United States Designated/Elected Office (OO/EO/US) the followi119 items and other information. 

1. 0 This is an express requesuo begin national examination procedures (35 u.s.c. 371 (I)). NOTE: The express request under 
35 U.S.C. 371(f) will not be effective unless the requirements under 35 U.S.C. 371(c)(1), (2), and (4) for payment of the basic national 
fee, copy of the International Application and English translation thereof (if reQutred). and the oath or declaration of the inventor(s) 
have been received. 

2. 0 A copy of the International Application (35 U.S.C. 371 (c){2)) is attached hereto (nol requfred if the International Application was 
previously communicated by the International Bureau or was filed in the United Stales ReceiVlng Office (RO/US)). 

3. An English language translation of the lntemalionat Application (35 U,S,C. 371(0)(2)) 

a. 0 Is attached hereto. 

b. O has been previously submitted under 35 U.S.C. 154(d)(4), 

4. An oath or declaration of the inven1or(s) (35 U.S.C. 371 (c)(4)) 

a. 0 is attached. 

b. O was previously filed fn the international phase under PCT Rule 4.1 i(iv'), 

Items S to 8 below concern amendments made in the international phase. 

PCT Article 19 and 34 amendments 

so 
6. □ 

7. D 

Amendments to the Claims under PCT Artide 19 are attached (not required if communicated by lhe International Burea1J) (35 U.S,C. 
371 (C){3)). 

English translation of the PCT Article 19 amendment is attached (35 u.s.c. 371 (c)(3)J, 

English translation of annexes (Article 19 and/or 34 amendments only) of the lntemationaf Preliminary Examination Report is 
attached (35 U.S,C. 371(c)(5)). 

Cancellalio_n of amendments made in the inlemalional phase 

Ba. D Do not enter the amendment made i11 the intemaoonal phase under PCT Article 19 

8b. O Do no\ enter the amendment made in the international phase under PCT A11icle 34. 

NOTE: A proper amendment made in English under Article 19 or 34 will be entered in the U.S. national phase application absent a clear 
instru~ion from applicant not to enter the amendment(s), 

The following items 9 to 17 concern a document{s) or information included. 

9, G An Information Disclosure Statement under 37 CFR 1,97 and 1 98 

10. 0 A preTiminary amendment. 

11. 0 An Application Data Sheet under 37 CFR 1.76. 

12, 0 A substitute specification. NOTE'. A subS1itule specification cannot include claims. See 37 CFR 1.125(b). 

13. 0 A power of attorney and/or change of address letter. 

14, 0 A computer-readable fonn of the sequence listing in accorda11ce wilt, PCT Rule 13rer 3 and 37 CFR 1.821-1,625. 

15. 0 Assig11ment papers (cover sheet and document(s)J. Name of Assignee: TelelonaktiebDlagel LM Ericsson (publ) 

16. 0 37 CFR 3.73(0) Statement (when there is an Assignee). 

This collectJon of I11forma11on is required by 37 CFR 1.414 and 1,491-1.492. The 111formatfon Is required to obIaIn or reta111 a benem by lhe public, which Is to me 
(and by lhe USPTO to process) an application. Confidentiality ls governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This colledion is-es1imaled lo take 15 
minutes to complete, including gathering, preparing. and submnting Iha completed application form lo the USPTO. Time will vary depending upon the individual 
case. Any·comments on the amount of lime you require lo complete this form and/or suggeslions for reducing this burden should be sent lo the Chief Information 
Officer, U.S. Palen! and Trademark Office, U.S.'Departmenl of Commerce. P.O. Bo~ 1450, Ale>iandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO Tri!SADDRESS. SEND TO: Mail.Stop PCT, Comm1sslonerfor Patenls, P,O, Box 1450, Alel(andria, VA 22313-1450. 
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PT0-1390 (06-13) 
Appfoved ror use through 6/30i2013. 0MB 0651-0021 

U.S. Palentand Trademark Office. U.S. DEPARTMENT OF COMMERCE 
Uo er e d lh P apetworJ< R l 95 educt 011 Act o 19 . no pern1ms ai:e Iequired lo respoo oa oo e on or (n ormaI1011 unless II Isptays a va , d ! II ct) f . " d' I'd 0!\/1B control number. 

U.S.APPLN. No. (if known-see 37 CFR 1.5) INTERNATIONAL APPLICATION No. ATTORNEY DOCKET No. 

PCT/SE2016/050009 4015-9595 I P45698-US2 
17. l:'.:.) Other Items or 1nformallon: 

PCT Request 
PCT Receipt 

llle following fees have been submitted. CALCULATIONS PTO USE ONLY 

18. 0 Basic natfonal ree (37 CFR 1.492(a)) ...... , .................... , ....... , ........... $280 s 280 
19. ~ Examination fee (37 CFR 1.492(c)) 

720 If the written opinion prepared by ISA/US or the interilalional preliminary 
examination report prepared by IPEA/US indicates all claims satlsfy provisions of s 
PCT Al1icie 33(1)-(4) ................................................................. ,. $0 
All other sttuations ......... , ................ ._ ......................................... $720 

20.~ Search fee (37 CFR 1.492(b}} 
600 I( the written opinion prepared by ISNUS or ttie international preliminary 

examination report prepared by IPEA/US indicates all claims satisfy provisions of 
PCT Article 33(1)-(4) ................................................................... $0 
Search fee (37 CFR 1.445(a)(2)) has been paid on the intemalional application to $ 
the USPTO as an International Searching Authorny , ......... , ... , ............. $120 
International Search Reportprepared by an ISA other than the US and provided to 
the Office or prelliously communicated to the US by the 18 .................. . $480 
All other sttuations .. ---·· ....... _ ............................................ ...... $600 

TOTAL OF 18, 19, and 20 = S1600 

LJ Additional ree ror specification and drawings flied 'in paper over 1 DO sheets 
(excluding sequence listfng in compliance with 37 CFR 1.821 (c) or (e) in an 
electronic medium or computer program fisting In an electronic medium) (37 CFR 
1.492(D). 
Fee ro, each additional 50 sheets or paper or ftadion thereof ............... $400 

Total Sheets E>(lra Sheets 
Number of each addition 50 or fraction 

RATE thereof (round up to a whole number) 

-100: / 50: x$400 s 
Surcharg_e of $140.00 for furnishing any of the search fee, examination Fee, or the oath or s 
declaration after the date of commencement ofthe national stage (37 CFR 1.492(h)). 

CLAIMS NUMBER FILED NUMBER EXTRA RAtE 

Total claims ""' -20 = 12 X $80 S960 

Independent claims . -3 = 1 X $420 S420 

MULTIPLE DEPENDENT CLAIM(S) (il appllcable) + $780 s 
Processing fee of S140.00 for furnishing the English translation tater than 30 months from the s 
earliest claimed Priority date (37 CFR 1 .492/i)). + 

TOTAL OF ABOVE CALCULATIONS= S2980 

I J Applicant asserts small entity status. Set! :n CFR 1.27, Fees above a.re reduced by½, 

□ 
Applicant certifies micro entity status. See '37 CFR 1.29. Fees above are reduced by¾. 
Applicant mus! attach form PTO/SB/15A orB orequfvalent. 

TOTAL NATIONAL FEE= S298Q 
Fee ror recording the enclosed assignment (37 CFR 1.21 (h)). The assignment must be s accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31 ). $40.00 per propertv. + 

TOTAL FEES ENCLOSED= S2980 
Amount to be s refunded: 
Amount to be 

$ charged: 

[Page 2 or 3] 
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PT0--1390 (06-13) 
Appioved for ose through 6130/2013. 0MB 0651-0021 

U.S. Palentand Trademark Office: U.S. DEPARTMENT OF COMMERCE 
d Uo er the p ape1wor1< R edudo11Act o ( 95 19 . oo per.;ons are Iequired lo respoo o a oo e on or in ormaI1on unless JI Isp(ays a va , d t II ct) I • d' I'd O!VIB oonlrol number_ 

a. □ A check in the amount of S to cover the above fees is enclosed_ 

b. □ Please charge my Deposit Account No. in the amoImt of$ to cover the above fees. 

C. 0 The Director is hereby authorized to oharge additional fees which may be required, or credit any overpayment, to Deposit Account 
No. '""67 as follows'. 

i_ □ any required fee. 

ii. 0 any required fee except for excess claims fees required under 37 CFR 1 A92(d) and (e) and multiple dependent claim fee 
required unde1 37 CFR 1.492(f). 

l. □ Fees are to be charged to a credit card. WARNING: Information on this rorm may become public. Credit card information should Ml 
be included on U,ls form, Provide credit card information and authorjza\ion on PTO-2038_ The-PTO-2038 should only be roailed o( 
faxed to the USPTO. However, when paying the basfc national fee, the PfO-2038 may NOT be faxed to the USPTO. 

ADVISORY: If filing by EFS-Web, do NOT attach the PTO-2038 form as a PDF along With your EFS-Web submission. Please be 
advised that this is not recommended and by doing so your credit card information may be displayed via PAIR_ To protect you, 
Tnformation, il is recommended to pay fees onllne by using the electronic payment method. 

NOTE: Where an appropriate time lfmit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b)) must be 
filed and granted to restore the International Application to pending status. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File)Transition Applications 

□ 
This application (1) claims prioriiy to or the benefit of an application filed before March 16, 2013, and (2) also contains, or contained -at 
any lime. a claim to a claimed invention that has an effective filing date on or aner March 16. 2013. 

NOTE 1: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 161 20131 will be 
examined under the first inventor to file provisions of the AIA. 

NOTE 2: A U,S_ natfonal stage application may not claim priority to the Tnternational application of which tt is the national phase. The filing 
date of a U.S. national stage application is the intemallonal filing date. See 35 U.S,C. 363. 

Correspondence Address 

0 The address associated with Customer Number~ 24112. 

Name I 
Address 

City I I State I 
Country 

Email 

Signature 11 Justin J. Leonard/ 

~p~~~/Type> !Justin J. Leonard 
[Page 3 of 31 

OR D Co1respondence address below 

I ZipCode I 
I Telephone I 

Date I 2016-06-17 
Registration No. I 60986 
(Attorney/Agent) 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be gtven certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of 
the Act, please be advised that: (1) the general authority for the collection of this information is 35 u.s.c. 2(b)(2): (2) 
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the 
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or 
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submlss1on, Which may result in termination of proceedings or abandonment of the 
application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
lrJformalion Act (5 u.s.c. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be-disclosed, as a routine use. in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from 
the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m), 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 
218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority of 
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publicat1on of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further. a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record 
was filed in an application which became abandoned or in which the proceedings were terminated and whicb 
application is referenced by either a published application, an applicatfon open to public inspection or an issued 
patent 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, lf the USPTO becomes aware of a violation or potential violation of law or regulation. 
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PTOIAW14 (11-15} 
Aptlto\'ed fot use 'through 04130/2017. 0MB 0651-0032 

V.S Pa\eni aod Tra~emart. Office; U.S. DEPARTMENT OF· COMMERCE 

Under tt... PapefWO!f< Reduciloo Ac:I of 1995, r,o ~ons are require<;! 1o respond to .o coUectign ·of informalioo unlei5!1 ilconlams a v.olid 0MB control n~mt>er. 

Attorney Docket Number 4015-9595 / P45698-US2 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Trtle of Invention I Codebook Subset Restriction Signaling 

The appffcauon dala slleet is part of the provisional or nonprovislonat application for which iL is being submitted. The following fom1 contains the 
bibliographic data arranged ln a format specified by the .United States Patent antl Trademark Office as outlined In 31 CFR 1.7-6. 
This document may be completed electronically and submitted to the Office fn electronic format using the Eledrooic Filing System (EFS) or the 
document may be prtnted and inciuded in a paper filed ap.plicatiort 

Secrecy Order 37 CFR 5.2: 

D Portions or al of the application associated Witti 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 h I Remo\le I 
legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I I· J,ebastian I ~axer I I· 
Re.side nee Information (Select One} US Residency • Non US Residency Active US Military Service 

City fa~lla II country of Residence i l!E I 

Mailing Address of Inventor: 

Address 1 13arkarbyvagen 53 D 

Address 2 

City I ~artalla 

Postal Code I ~E-17744 

Inventor ~ 
legal Name 

Prefix Given Name 

I l· ~attias 

Residence Information (Select One) 

City ~ppsala 

Mailing Address of Inventor: 

Address 1 M<eologvagen 20 

Address 2 

City I 1-Jppsala 

Postal Code I ~E-75443 

Inventor b 
Legal Name 

EFS Web 2..2.12 

I State/Province 11 

I Countryi I ~E 

I Remove I 

Middle Name Family Name Suffix 

I ~renne 

US Residency @ Non US Resfdency 

IICoun!ry of Residence i 

I State/Province 

I Countryi I ~E 

11 

I I· 
Actfve US MiHtary Service 

IEE 

I Remove I 

I 
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PTOIAW14 (11-15} 
Ap{lt<Wed fot use ·througt1 04130/2017. 0MB 0651-0032 

V.S. Patent aM Trademiirll Office; U.S. DEPARTMENT OF COMMERCE'. 
Under fhe Pap,e,wo<1( Reduction A0t of 1995, no ~ons are required to. respond ID 11 collection of information unless It contains-a valid 0MB control numoer. 

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

Application Number 

Trtle of Invention I Codebook Subset Restriction Signaling 

Prefix Given Name Middle Name Family Name Sufftx 

I 1~ l31mon I ~armyr I I· 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City !karpnack: II Country of Residence i l!E I 

Mailing Address of Inventor: 

Address 1 uftfartsgatan 8 

Address 2 

City I ~karpnack I State/Province 11 
Postal Code I ~E-12834 I Countryi I ~E. 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I [:] l3eorge I ~Ongren I I· 
Residence Information (Select One) US Residency @ Non US Residency Active Us Military service 

City Eundbyberg II Country of Resider:ice i IEE I 

Mailing Address of Inventor: 

Address 1 i<ronogardsvagen 44 

Address 2 

City I l,undbyt,erg I State/Province 11 
Postal Code I ISE-17462 I Countryi I ~E 

Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I [:] f'liklas I t,,\'emersson I I· 
Residence Information (Select One) US Residency @ Non US Restdency Active US Military Service 

City ~olna II Country of Residence l l!E I 

Mailing Address of Inventor: 

Address 1 lfunvagen 14 

Address 2 

City 11301r1a I State/Province 11 
Postal Code I ISE-17068 I Countryi I ~E 

'EFS Web 22.12 
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PTOIAW14 (11-15} 
Apt,t<wed fot use ·through 04130/2017. 0MB 0651-0032 

V.S. P.1enl anq Trademiirll Office; U.S. DEPARTMENT Of. COMMERC~ 
Under ihe Pap,e,wt><tc Reduction Aol of 1995, no persons are required to respond 10 11 collection of information unless it contains a valid 0MB control numl>er. 

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

Application Number 

Trtfe of Invention I Codebook Subset Restriction Signaling 

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

Add 

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

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

Customer Number ~4112 

Email Address I I Add&nail I I Remove l:,,mail I 

Application Information: 

TiUe of the Invention Codebook Subset ResfricHon Signaling 

Attorney Docket Number ~15-9595 / P45698-US2 I Small Entity Status Claimed □ 
Application Type Non provisional . 
Subject Matter Utility .. 
Total Number of Drawing Sheets (if any) 

I r4 I Suggested Figure for Publication (if any) 11 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111(c] and 37 CFR 1.S7(a). Do not complete this section if 
iipplication papers including a spedfic.atioo and-any drawings 11re being filed, Arty domestic benefit or foreign priority Information must be 
provided in the appropriate section(sl below (i.e~ "Domestic Benefit/National Stage lnformation" and "Foreign Prlor]ty Information"). 

J;or the purposes of a filing date under 37 CFR.1.53{b), the description and any drawings of the present application are replaced by this 
refe.renc,e to the previously filed application, subject to conditions and requirements of37 CFR 157(a). 

l-
Fi ling date (YYYY-MM-DD) 

I 

Applicatlon number of the previously Intellectual Property Authority 01 Country 
filed application 

11 11 

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

Request Not to Publish. I hereby request that the attached application not be published under 
0 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 infom1ation should be provided for all practitioners having a power of attorney ia the applfcalion. Provlding 
tflis information in the Application Data Sheet does not constitute 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 lnfblmation during processing. 

'EFS Web 22.12 

I 

Samsung Ex. 1002 
8 of 409 

IPR2022-00464 
Apple EX1002 Page 8



PTOIAW14 (11-15} 
Apt,t<wed fot use ·through 04130/2017. 0MB 0651-0032 

V.S. P.1enl anq Trademiirll Office; U.S. DEPARTMENT Of. COMMERC~ 
Under ihe Pap,e,wt><tc Reduction Aol of 1995, no persons are required to respond to 11 collection of information unless it contains a valid 0MB control numl>er. 

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

Application Number 

Trtre of Invention I Codebook Subset RestrictioR Signaling 

Please Select One: • Customer Number I US Patent Practitroner lo Limited Reoognition (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, 365(c), or 386(c) or indicate 
National Stage entry from a PGT 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 blanlt;. 

Prior Application Status ~ending .. I Remove I 
Application Number Continuity Type Prior Application 'Number 

Filing or 371(c) Date 
(YYYY-MM-DD) 

I a 371 of inlemalional .. PCT/SE2016/050009 ~016--01-11 

Prior Application Status ~xpired .. I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Applicatlon Number (YYYY-MM-DD) 

~CT /SE2016/050009 t1aims benefit of provisional . 62/103101 ~015-01-14 

Add[tional Domestic Benefit/National Stage Data may be generated within this form I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows ror ltle applicant to claim priortl)' to a fore[gn application, Providing this information in the applica'llon data sheet 

constitutes the c.laim for priority as required by 35 U.S.C, 119(b) and 37 CFR 1,55. When priority is ciaimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (PDX)1 the information will be used by the Office to 
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultlmate 
responsibfllty for ensunng that a copy of lhe foreign application is received by the Office l'rom the participating foreign inlellectual 
property office, or a certified copy of the foreign priority application is filed. within the time period specified in 37 CFR L55(g)( 1 ). 

I Remove I 
Application Number Country 1 Filing Date (YYYY-MM-DD) Access Code1 (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

'EFS Web 22.12 

Samsung Ex. 1002 
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PTO/AIN14 (11•1.5) 
/\ppmved for use through 04/'J0/2017 0MB 0651-003:l' 

U.S. Patenl and Trademark Office, U.S. DEPARTMENT OF COMMERC 
Under the Paperwork Reduction Act of 1995. no ,pe,sons are reciuired lo re,;pond lo a oollection of information unless ii contains a valid 0MB oonlrol numoer 

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

Application Number 

Title of Invention I Codebook Subset Resiriclion Signaling 

This application ( 1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions or the AIA. 

EFS Wet, ,!,2. l'l 
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f>TOIAW14 (11-15) 
/\pproved for use through 04/'J0/2017_ 0MB 0651--003:l' 

U.S. Patent a,nd Trademark Office, U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995. no pe,sons ""' ref1Uired to re,;pond lo a collection of infunnation unless it contains a valid 0MB control numt>er 

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

Application Number 

Title of Invention I Codebook Subset Resiriction Signaling 
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CODEBOOK SUBSET RESTRICTION SIGNALING 

RELATED AP PUCA TIONS 

This application claims priority to U.S. Provisional pc1tent Applfcation Serial Nurnber 

5 62/103, 101 filed January 14, 2015, the entire contents of which are incorporated herein by 

reference 

TECHNICAL FIELD 

The present application relates generally to a network node and a wireless 

10 communication device for operation in a wiretess communication system, and more particularly 

to the network node signaling to the wireless communication device which precoders in a 

codebook are restricted from being used. 

BACKGROUND 

·J 5 Tl1e use of multiple antennas al the transmitter and/or the receiver of a wireless 

communication system can significantly boost the capacity and coverage of a wireless 

communication system. Such MIMO systems can exploit the spatial dimension of the 

communication channel. For example, several information-carrying signals can be sent in 

parallel using the transmit antennas and still be separated by signal processing at the receiver. 

20 By adapting the transmission to the current channel conditions, significant additional gains can 

be achieved. One form of adaptation is to dynamically, from one TTI to another, adjust the 

number of simultaneously transmitted informaiion streams carrying srgnals to what the channel 

can support. This 1s commonly referrec to as (transmission) rank adaptation. Precoding is 

another form of adaptation where the phases and amplitudes of the aforementioned signals are 

25 adjusted to better fit the current channel properties. The signals form a vector-valued signal and 

the adjustment can be thought of as multiplication by a pr·ecoder matrix.. A common approach is 

to select the precoder rnatrlx from a finite and indexed set, a so-called codebook. Such 

codebook-based precoding is an integral part of the L TE standarc:t, as well as in many other 

wireless communication standards. 

30 Codebook based precoding can be regarded as a form of channel quantization. A typical 

approach (CJ. L TE and MIMO HSDPA) is to let the receiver recommend a suitable precoder 

matrix to the transmitter by signaling the precoder matnx indicator (PMI) over a feedback link. 

To limit signaling overhead, it is generafly important to keep the codebook size as small as 

possible if the feedback link has a limited capacity. This however needs to be balanced against 

35 the performance impact since wi1tl a larger cot1ebook it is possible to better match the current 

channel conditions. 
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Fi;,r example, In the L TE downlink, the user equlpment (UE) reports the precoding matrix 

indicator (PM!) to the eNodeB either periodically on the physical uplink control channel 

(PUCCH) or aperiodic on the physical uplink shared channel (PUSCH). The former is a rather 

narrow bi! pipe (e.g .. using a few bits) where channel stale information (CSl) feedback is 

5 reported in a semi-statically configuted and periodic fashion. CSI feedback in this regard 

includes one or more channel quality indicators (COis), PM ls, and/or a transmission rank (e.g., 

indicating a number of transmission layers). On the other hand, reporting on PUSCH is 

dynamically triggered as part of the uplink grant. Thus, the eNodel3 can schedule CS! 

transmissions in a dynamic fashion. In contrast to the PUCCH where the number of physical bits 

1 O ls currently limited to 20, the reports on PUSCH can be considerably larger. Thus, for feedback 

on PUCCH a small codebook srze is desfrable to keep the signaling overhead down. However, 

for feedback on PUSC!i a larger codebook size is desirable to increase performance, since the 

capacity on the feedback channel is net as limited in this case. 

The desired size of the codebook may also depend on the transmission scheme used. 

·15 For example. a codebook used in multi-user multiple input multiple output (MU•MIMO) operation 

could benefit more from having a larger number of elements than a codebook used in single

user multiple input multlple output (SU-Ml MO) operation. In the former case. a large spatial 

resolution is important to allow for sufficient UE separation. 

A convenient way to support different codebook sizes is to use a large codebook with 

20 many elements by default and apply codebook subset restdction in the scenarios where a 

smaller codebook is beneficial With codebook subset restricUon, a subset of tt'le precoders in 

the codebook is restricted so that the UE has a smaller set of possible precoders to choose 

from. This effectively reduces the size of the codebook implying that the search for the best PMI 

can be done on the smaller unrestricted set of precoders, thereby also reducing the UE 

25 computational requirements for this particular search. 

Typically, the eNodeB would signal the codebook subset restriction to the UE by means 

of a bitmap in an a dedicated message part of the Antennalnfo information element (see the 

RRC specification, TS 36.331), one bit for each precoder in the codebook, where a 1 would 

indicate that !he precoder is restncted (meaning that the UE is not allowed to choose and report 

30 said precode.r). Thus. for a codebook with N elements, a bitmap of length N would be used to 

signal the codebook subset restriction. This allows for full flexibility for the eNodeB to restrict 

every possible subset of the codebook. There are thus 2N possible codepook subset restriction 

configurations. 

For large antenna arrays with many antenna elements, the effective beams become 

35 narrow and a codebook containing many precoders is required for the intended coverage area. 

Furthermore. for two-dimensional antenna arrays, the codebook size increases quadratically 

slnce the precoders 1n the codebook need to span 1wo dimensions, typically the hOrizontal and 

vertical domain. Thus, the codebook size (i.e. ihe total number of possible preceding matrices 

2 
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W) can be very large. Signaling a codebook subset restriction ,in the conventional way by means 

of a bitmap with one bit for every precoder can thus impose a large overhead, especially if the 

code.book subset restriction (CSR) is frequently updated or if there are many users served by 

the cell which each has to receive the CSR. 

5 SUMMARY 

One or more embodiments herein include a method implemented by a network node for 

signaling to a wireless communication device which precoders in a codebook are restricted from 

being used. ihe method comprises generating codebook subset restriction signaling U1at, for 

each of one or more groups of precoders, jointry restricts the precoders in the group by 

1 O restricting a certain component that the precoders in tile group have in common. The method 

further comprises sending the generateo signaling from the network node to the wireless 

communication device. 

Embodiments herein also correspondingly include a method implemented by a wireless 

communication device for decoding signaling from a network node indicating which precoders in 

·15 a codebook are restricted from being used. The method comprises receiving codebook subset 

restriction signaling that, for each of one or more groups of precoders, jointly restricts the 

precoder.s in the group by restricting a certain component that the precoders in the group have 

in common. The method further compnses decoding the received signaling as jointly restricting 

precoders in each of the one or more groLtps of precoders. 

20 In some embodiments, the codebook subset restriction signaling is rank-agnostic 

signaling that jo1ntly restricts the precoders in a group without regard to the precoders' 

transmission rank. 

In some embodiments, the certain component comprises a beam precoder. In some 

embodiments, for example, a beam precoder is a Kronecker product of different beamforming 

25 vectors assoclated with different dimensions of-a multi-dimensional antenna array. In this case, 

the differ~nt beamforming vectors may comprise Discrete Fourier Transform (OFT) vectors. 

In other embodiments where the certain component comprises a beam precoder, a 

beam precoder is a beamformfng vector used to transmit on a particular layer of a multi-layer 

transmission. Different scaled versions of tl)at beamforming vector are transmitted on different 

30 polariz.attons. 

35 

In still other such embodiments, a beam precoder is a beamforming vector used to 

transrnit on: multiple different layers of a multi-layer transmission; multiple different layers of a 

multi-layer transmission, wherein the layers are sent on orthogonal polarizations; or a particuiar 

layer and on a particular polarization. 

In some embodiments, a precoder comprising one or more beam precoders is restricted 

lf at least one of its one or more beam precoders is restricted. 

In any of these embodiments, the codebook subset restriction signaling may comprise a 

bitmap, with different btts in the bitmap respectively dedicated to indicating whether or not 

3 
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different beam precoders are restricted from being used, 

Alternatively or additionally, a beam precoder may be a Kronecker product of first and 

second beamforming vectors with first and second indices. in this case, the first and second 

beamforming vectors may be associated with different dimensions of a multi-dimensional 

5 antenna array, and the codebook subset restrictioh signaling may jointly restrict the precoders in 

a group of precoders that have the same pair of values for the first and second rndices. 

In some embodiments, each precoder comprises one or more beam precoders. In some 

of these embodiments, each beam precoder comprises mul\iple different components 

con·esponding to different dimensions of a multi-dimensional antenna array. The certain 

1 O component in this case may comprise a component of a beam precocler. 

In some embodiments, the codebook subset restriction signaling jointly restricts the 

precoders in a group of precoders that transmit at least in part towards a certain angular 

pointing direction, by restricting a certain component which has that angular pointing direction. 

Embodiments herein also include another method implemented by a network node for 

·15 signaling to a wireless communication device which precoders in a codebook are restricted from 

being used. The method comprises a number of steps for each of one or more groups of 

precoders in the codebook. These steps include identifying one or more reference 

configurations for the group. Each reference configuration is one of drfferent possible 

configurations that restrict different subgroups of precoders Tn tt1e group from being used. The 

20 steps also include identifying, from the different possible configurations for the group, an actual 

configuration to be signaled for the group. The steps also include generating sfgnaling to 

indicate the actual configuration for the group. by generating the signaling as a bit pattern 

whose length depends on (i) whether the actual configuration matches one of the one or more 

reference configurations and/or (ii} which reference configuration the actual configuration 

25 matches. The method further comprises sending the generated signaling to the wireless 

communication device. 

Embodiments herein further include another corresponding method implemented by a 

wireless communication device for decoding signaling from a network node indicating which 

r:,recoders in a codebook are restricted from being used. The method includes receiving 

30 signaling from the network node. The method also entails a number of steps for each of one or 

more groups of precoders in the codebook. These steps Include Identifying one or more 

reference con~gurations fov the group. Each reference configuration is o(le of different possible 

configurations that restrict different subgroups of precoders in the group from being used. The 

steps further include identifying a bit pattern defined for signaling each reference configuration. 

35 and a length of that bit pattern. The steps also include detecting an actual configuration signaled 

for the group, by detecting in the signaling a bit pattern whose length depends on (i} whether the 

actual configuration matches one of the one or more reference configurations and/or (ii} which 

reference configuration the actual configuration matches. 

4 
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In some embodirnents, the signaling is a short bit pattern when the actual configuration 

matches any one of the one or more reference configurations and is a long bit pattern when the 

actual configuration does not match any of the one or more reference configurations. A long bit 

pattern has more bits than a short bit pattern. In this case. the one or more reference 

5 configurations for at least one of the one or more groups may comprise a single reference 

configuration, and different long bit patterns may be respectively defined for signaling different 

configurations other than the single reference configuration. Alternatively or addltlonally, a long 

bit pattern defined for signaling the actual configuration for the group may comprise; (I) a 

non-reference bit pattern defined for signaling that the actual configuration does not match a 

1 O reference configuratron for the group; and (ii) a bitmap comprising different bits respectively 

dedicated to indicating whether different precoders in the group are restrictect from being used. 

In some embodiments, the one or more reference configurations for at least one of the 

one or more groups comprise multiple reference configurations. ln this case, when the actual 

configuratfon matches a particular one of the multiple reference configurations, the signaling ts a 

·15 bit pattern whose length is shorter than that of a bit pattern generated when the actual 

configuration matches a diffe,ent one of the multiple reference configurations. 

In some embodiments, the one or more reference configurations for a group each have 

an actual or assumed higher probability of being signaled than any other possible configuration 

that is not one of the one or more reference configurations. 

20 In some embodiments. lhe method is performed for multiple olfferent groups that 

respecUvely include different portions of the precoders in the codebook. In this case. the 

signaling indicates the actual configurations for the groups in a defined order. The one or more 

reference configurations for each group comprises a single reference configuration, and the 

single reference configuration for any given group is the actual configuration, if any, signaled 

25 immediately before that of the given group. 

In some embodiments, the codebook is a Kronecker codebook defined for a mulU

dimensionaf antenna array and comprises different precoders indexed by different possible 

values of a single index parameter. In this case, the different possible values of the single index 

parameter are divlded lnto different clusters of consecutively ordered values, and precoders in 

30 different ones of the one or more groups are respectively indexed by the different clusters of 

consecutively ordered values. 

In some embodiments, the codebook is a Kronecker codebook defined for a multi• 

dimensional antenna array and comprises different precoders indexed by different pairs of 

possible values for a first-dimension index parameter and a second-dimension index parameter. 

35 In this case, precoders in each of the one or more groups are indexed by pairs that have the 

same value for either the first-dimension index parameter or the second-dimension index 

parameter. 
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Emboc1i'ments herein further include corresponding apparatus and computer program 

products. 

In at least some embodiments. signaling a codebook subset restriction in this way 

advantageously lowers the signaling overhead imposed by transmitting the codebook subset 

5 restriction, while still allowing for flexibility rn configuring different codebook subset restrictions. 

Embodiments herein therefore generally include mett1ods to reduce the number of bits 

required for signaling a codebook subset restrlctlon configuration to a wireless communication 

device. The methods m one or more of these embodiments do so by; 

Utilizing an explicit or Implicit assumption about which sets of precoders are more likely 

1 O to be restricted, and/or associating a group of precoders with a single codebook subset 

restriction bit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a logic flow diagram indicating codebook subset restriction (CSR) signaling 

·15 between a network node and a wireless communication device according to one or more 

embodiments. 

Figure 2 is a logic flow diagram of a method implemented by a network node for 

signaling to a wireless communication device which precoders in a codebook are restricted from 

being used, according to some embodiments. 

20 Figure 3 is a block diagram of a two•dimensionat antenna array of cross.polarized 

antenna elements according to some embodiments. 

Ffgure 4 is a graph illustrating the angular pointing directions of precoders in a codebook 

according to some embodiments. 

Figure 5 is a logic flow diagram of a method implemented by a network node for 

25 signaling to a wireless communication device which precoders in a codebook are restricted from 

being used, according to other embodiments. 

Figure 6 is a block diagram of an exemplary codebook according to some embodiments. 

Ftgure 7 is a graph illustrating the angular pointing directions of precoders in a codebook 

according to other embodiments. 

30 Flgure 8 is a block diagram of precoder groupings accordlng to some embodiments. 

Figure 9 ls a loglc flow dlagram of a method implemented by a wireless communication 

device for decoding signaling from a network node ir,dicatfng which precoders in a codebook 

are restricted from being used, according to some embodiments. 

Figure ·1 O is a logic flow diagram of a method implemented by a wireless communication 

35 device for decoding signaling from a network node indicating which precoders in a codebook 

are restricted from being used, according to other embodiments. 

Figure 11 is a block diagram of a network node according to some embodiments. 

Frgure 12 is a block diagram ofa network node according to other embodiments. 
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5 

Fjgure 13 is a block diagram ofa wireless communication device according to some 

embodiments. 

Figure 14 is a block diagrarn of a wireless communication device according to other 

embodiments. 

DETAILED DESCRIPTION 

According to the flowchart of Figure 1, a network node 10 in a wfreless communication 

network (e.g., an eNB in the network) signals a codebook subset restriction (CSR) configuration 

12 to a wireless communication device 14 (e.g., a UE). The device 14 then sends a channel 

1 O state fnformation (CSI) report 16 back 1o the network. This CSI report 16 suggests which of 

different possible precoders in a codebook the network should use for transmitting to the device 

·t 4, but !lie CSl report ·16 is restricted in the sense that there is a subset of precoders that 

cannot be reported by the device 14; that -is, aJI precoders in the codebook cannot be selected 

and reported by the device 14. This restriction is defined by the signaled CSR configuration 12. 

15 In more detall, for a precoder codebook X, consisting ot N precocters, there are 2N 

possible codebook -subset restriction configurations since each precoder can individually either 

be allowed or restricted (a restricted ccnfiguration is not allowed to be used). Each configuration 

can be represented by a bitmap of N bits, where each bit corresponds to a certain precoder and 

the value of the bit then indicates whether the precoder is restricted or not. If each of the zN 
20 configurations is equiprobable and independent, this is the optimal representation of a codebook 

Sl.lbset restriction configuration with respect to the expected length (in bits) of the representation 

and it provides full flexibility. 

However, embodiments herei11 recognize that, if certain configurations are more likely to 

be used than others, and/or if the restriction of one precoder is highly correlated to the 

25 restriction of another precoder, then this signaling leads to tmnecessarily high signaling 

overhead. One or more embodiments herein include methods to reduce this signaling overhead; 

that is. reduce the number of blts required for signaling a codebook subset restriction 

configuration to a wireless communicalion device 14 from the network. In some embodiments, 

for example, the methods utilize an implicit assumption about Whtch sets of precoders are more 

30 likely to be restricted or which sets of precoders are likefy to be jointly restricted. 

According to one embodiment shown in Figure 2. for example. a method is implemented 

by a network node 10 (e.g., a base station) for signaling to a wireless communication device 14 

which precoders in a codebook are restricted from being used. For each of one or more groups 

of precoders in the codebook, the method includes identifying one ot more reference 

35 configurations for the group (Block 110}. Each reference configuration is one of different 

possible configurations that testrict. different subgroups of precoders in the group from being 

used. One of the refer-ence configurations for a group may be for instance whichever one of the 

different possible configurations has the maximum probability of being signaled, e.g., ·as 

7 

IPR2022-00464 
Apple EX1002 Page 22



predicted or estimated based on empirical observations or implicit assumptions. Regardless. the 

method further includes identifying, from the different possible configurations for the group, the 

actual configuration to be signaled for the group (Block 120). 

The method also includes generating signaling to indicate the actual configuration for the 

5 group (Block 130). This entails generating the sig.naling as a bit pattern whose length depends 

on (i) whether the actual configuration matches one of ttie one or more reference configurations; 

and/or (II) which reference configuration the actLJal configuration matches. In some 

embodiments, for example, when the actual configuration matches any reference configuratlon, 

the bit pattern's length is shorter than vlhen the actual configuration does not match any 

1 O reference configuratron. In other embodiments, when the actual configuration matches a 

particular one of multiple reference configurations, tt1e bll pattern's length is shorter than when 

the actual configuration matches a different one of the reference configurations. Regardless, 

this process (Blocks 110-130) is repeated for each of one or more groups of precoders in the 

codebook (Blocks 100, 140, and 150). Finally, the method includes sending the generated 

·15 signaling to the wireless communication device 14 (Block 160). 

This approach may in some sense be viewed as a sort of compression algorithm for 

CSR signaling. Indeed, the approach advantageously reduces the signaling overhead when, 

over the coutse of a given time period, the overhead savings realized by signaling bit patterns 

Wlth relatively shorter lengths outweigl1s the overhead costs imposed by signaling bit patterns 

20 with relatively longer lengths. Depending on the relative lengths of the bit patterns, then, the 

approach may for instance reduce signaling overhead when the one or rnore reference 

configurations (or particular ones of the one or more reference configurations) are signaled 

more often than not. 

In at least some embodiments, therefore, a reference configuration has a higher 

25 likelihood or probability of being signaled than any other possible configmations that are not 

reference configurations. For example, the one or more reference configuratlons for a group 

may include whichever one(s) of the different possible configurations for the group have the 

highest probability of being signaled, Different reference configurations that have different 

probabilities of belng signaled may be represented wltn bit patterns of different lengths, where 

30 reference configurations with higher probabilities are represented with bit patterns of shorter 

lengths. That is, certain configurations that are deemed rnore probable may be represented wrth 

a fewer number of bits, while other configurations, that are deemed less probable to be used. 

may be represented with a larger number of bits. 

In some embodiments, the one or more reference configurations may be predefined to 

35 be particular one(s) of the possible configurations, e.g., based on an (implicit) assumption that 

the particular configuration(s) have the highest probability of being signaled. For example, an 

implicit assumption is made on how the network is likely to be configured. Hence, here certain 
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configurations are considered more likely than others but there are no actual probability values 

estimated for the different configurations. 

In other embodiments, though, the network node 1 O determines signaling probabilities of 

different configurations. e.g., based on empirical observations and compares those probabilities 

5 to identify the configuration(s) with the hig.hest probability. In one embodiment for example 

signaling probabilities are estimated through logging of network data. Hence, here it may be 

possible to estimate actual probabilities for the different configurations. In general, therefore, the 

knowledge on "how likely" a certain configuration is may be obtafned in many ways, 

In some embodiments, only a single reference configuration is defined for a group. In 

1 O this case, the signaling is generated as a short bit pattern when the actual configuration 

matches the reference configuration and as a long bit pattern when the actual configuration 

does not match the reference configuration Different long bit patterns Jn this regard are 

respectively defined for signaling different configurations (other than the reference configuration. 

for which the short bit pattern is defined for signaling}. A long bit pattern of course has more bits 

'15 than a short bit pattern (e,g., N bits vs. 1 bit), 

In other embodiments, multiple reference configurations are defined for a group. In this 

case, the signaling may be generated as bit patterns that have different lengths when the actual 

configuration matches different reference configurations. These lengths may correspond to how 

likely il ls that the reference configurations will be signaled. The bit pattern's length may be 

20 shortest when the actual configuration matches a particular one of the reference configurations 

(e.g., the one with the maximum probability of being signaled), may be next shortest when the 

actual configuration matches a different reference configuration (e.g ... the one with the next 

highest signaling probability), and may be longest when the actual configuration does not match 

any of the reference configurations. 

25 In some embodiments, bit patterns signaHng non-reference configurations are encoded 

as a combination of a so-called ·non-reference bit pattern·· and a "bitmap.· The non-reference bit 

pattetn is defined for signaling that the actual configuration for ihe group does not match any 

reference configuration for the grovp. T!1e non-reference bit pattern may for instance be the 

complement of a bit pattern defined for signaling a reference configuration. For example, When 

30 only a slngle reference configuration is defined for a group, the bit pattern signaling that 

reference configuration may s!mply be a single. bit with a value or" 1 ", whereas the non

reference bit pattern may be a single bit witll a value of "O", Regardless. the bitmap portion of 

the bit pattern comprises different bits respectively Cledicated to indicating whether diiferent 

precoders in the group are restricted from being used. 

35 In at least some embodiments, the method is performed for only one group. This single 

group in one embodiment includes all precoders in the codebook. 
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In another embodiment, of course, the single group includes only a portion of ttie. 

precoders in the codebook, such that the signaling approach is adopted for only this portion, 

while other signaling approaches (e.g., the conventional bitmap) is adopted for other portions. 

In other embodiments, the method is performed for multiple different groups that 

5 respectively iocfude different portions .of the precoders in the codebo.ok .. In one sl1Ch 

embodiment, the signaling indicates tha actual configurations for the groups in a defined order. 

In one embodiment, the one or more reference configurations for any given group includes the 

ac1ual configuration, if any, signaled immed1ately before that of the given group (according to 

the defined order). 

1 O Consider an example with an arbitrary codebook of size N, where the single group 

includes all N precoders. A certain configuration out of the 2.~ possible codebook subset 

restriction configurations for the single group ls deemed more probable. This configuration is 

represented by a single bit, ·1·. The other 2N -1 configurations are represerited by a 'O', 

followed by a bitmap of size N. One of tt1e configurations is then represented. by 1 bit, while the 

·1 s· other configurations are represented by N + 1 bits. Since the configuration represented by one 

bit is more frequently signaled, according to the assumption, the average number of bits 

required to convey the codebook subset restriction may be much less than N. 

However, If the assumption that one of the possible codebook subset restriction 

configurations was more likely than tt1e others was incorrect for the actual usage of codebook 

20 subset restriction configurations, the average number of bits required to convey a codebook 

subset restriction to a UE may be larger than N bits. One or more embodiments herein 

therefore aim to choose the representati0r1s of the 2N configurations well. Various methods may 

represent tt1e 2N configurations differently depending on which sets of precoders are more likely 

to be restricted. 

25 Consider for example embodiments where the codebook is defined for a multi-

dimensional (e.g., two-dimensional) antenna array. Such antenna arrays may be (partly) 

described by the number of antenna columns corresponding- to the horizontal dimension M11, the 

number of antenna rows corresponding to the vertical dimension M11 and the number of 

dimensions corresponding to different polarizations Mp The total number of antennas is thus 

30 M = M11M11M.,,. It should be pointed out that the concept of an antenna is non-limiting in the 

sense that it can refer to any virtualiz.atlon (e.g., linear mapping) of the physical antenna 

elements. For example, pairs of physical sub-elements could be fed the same signal, and hence 

share the same virtualized antenna port. 

A.n example of a 4x4 array with cross-polarized antenna elements is lllustrated in Figure 

35 3. Specifically, Figure 3 shows a two-dimensional antenna array of cross-polarized antenna 

eiernents (Mp = 2), with M,, = 4 horjzontat antenna elements and Mv-= 4 vertical antenna 

elements, assuming one antenna element corresponds to one antenna port. 
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Precoding may be 1r'iterpreted as multiplying the signal with diffe,ent beamfcrming 

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 M1,. M'jJ and M11 when ·designing the precoder 

codebook. 

5 .According lo sorne embodiments, a precocier <X1debook is tailored for 20 antenna arrays 

by combining precoders tailored for a horizontaJ array and a vertical array respectively by 

means of a Kronecker product This means that (at least part of) tile precoder can be described 

as a function of 

W;;®Wv 

where Wn is a horizontal precoder taken from a (sub)-codebook Xt1 containing N ,1 codewords 

1 O and similarly Wv 1s a vertical precoder taken from a (sub)-codebook Xv containing Nv 

codewords. The Joint codebook, denoted Xu®.Xv, thus contalns Nn · Nv codewords. The 

elements of x.H are indexed with k = 0, ... , N" - 1, the elements of Xv are indexed wittl 1 = 
o, .... Nv - 1 and the elements of the joint codeboo'k X t,®X f are (nctexed with m = N11 • I<' + l 
meaning that rn ~ o, ... , Nu · Nv - 1 

15 In some embodiments. for example, the (sub)-codebooks of the Kronecket codebook 

consist of DFT-precoders. In this case, the t10rizontal codebook can be expressed as X~ = 

[ 

'• 1.1<+,.ll . (M11..-L}>.+.t1, l'f' 
1 e1in;;;;~~ ... e12rr'·-·,,ii?5i;······. ,k = o, ... ,MhQh -· l. where Q1i is an integer horizontal 

oversampling factor anct .11, can take on va1~,e in the interva1 o to i so as to 'shlft" the beam 

pattern (Llr. "'0.5 could be an interesting value for creating symmetry of beams with respect to 

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

oversampling factor and L111 is similarly defined as above. 

It should be pointed oui that a precoder Gode book may be denned in severa! ways For 

exarnple, the .above inentioned Kronecker codebook may be interpreted as one codebook 

25 indexed with a single PMl m. Alternativeiy, it may be interpreted as a single codebook indexed 

with t\.110 PMis k and l. It may also be interpreted as two separate codebooks. lndexeCi with k 

and l respectivly. Further, the Kronecker codebook discussed above rnay oniy describe a part of 

the precoder-, i.e the precoder may be a funGticn of other parameters as well. In a SL1ch 

exarnple, the precoder is a function also of anottier PMI n. Again, this can be interpreted as 

30 three separate codebooks wrth indices "· i and n respectively, or two separate codebooks with 

indices rn:::: Nv, fl+ land n respectivly. lt may also be mterpretecl 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 codebook at issue in Figure 2 may be a Kronecker 

35 codebook that comprises different precoders indexed (at least ·in part) by different possible 
1 ·1 
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values of a single index parameter (e.g., index; patameter m = o, ... , N,., · Nv - 1). In this case, 

the different possible values of the single index parameter are divided in!o different clusters of 

consecutively ordereo values. And precoders in the different groups are respectively indexed (at 

least in part) by the different clusters of consecutively ordered values. For example, precoders 

5 indexed by the cluster m == o, ... ml belong to a first group, precoders indexed by the cluster 

m. == m2, ..• m3 belong to a second group, precoders indexed by the cluster m "" m4, ... m5 

belong to a third group. and so on, As an even more specific example, one or more 

embodiments exploit the Kronecker structure of the precoder by mapping the ihdex m to indices 

k and I as m = N~k + l and grouping the precoders such that m = 0,, ... Nv-1 is the first group, 

10 m= Nv, ... ,2Nv-1 is the second group , etc. 

In another embodiment, by contrast, the Kronecker codebook comprises different 

precoders indexed (at least in part) by different pairs of possible values for a first-dimension 

index. parameter (e.g., k == o, ... , Nu - 1) and a second-dimension index. parameter (e,g., 

l = o, ... , Nv - 1). In this case, precoders ln each of the different groups are indexed (at least in 

15 part) by pairs (k, l) that have the same vafue for the first-dimension index parameter/,.· and/or 

the second-dimension index parameter L 

Two different embodiments in this regard, referred to as a "simllar rows embodfmenr 

and a "similar columns embodiment", will now be illustrated in the context of a Kronecker 

codebook and where only a single reference configuration is defined for a group. The Kronecker 

20 codebook in this example .consists of precoders with different angular directions, spanning a 

two-dimensional angular area as seen from the transmitter. An important use case for codebook 

subset restriction in such an embodiment may be to restrict pre.coders in a certain angular area 

or angle interval, e.g. corresponding to a direction where a user hotspot of an adjacent cell is 

located. The eNodeB would then reduce interference to said adjacent cell and particular the 

25 hotspot area if precoders corresponding to beams pointing at that direction were restricted. This 

is beneficial from a system capacity perspective. 

In the following, consider the specific example where codebook subset restriction is used 

on a KronecK.er codebook in order to understand how different embodiments can be used to 

reduce the signaling overhead. In this scenario, a 4x4 antenna array with a mechanical downtilt 

30 of 1s• is used. The Kronecker codebook consists of 8 vertical and 8 horizontal precoders, i.e. 

Nu = N11 = 8. The angular pointing directions of the precoders in the codebook are Hlustrated in 

Figure 4. 

Codebook subset restriction is applied to restrlct beams witll pointing directions in the 

zenith interval (85", 95"] (illustrated with dotted lines). That is, codebook subset restriction is 

35 applied in the angular interval 85' < 0 < 95", meaning that the precqders with indices (k, l) == 

(0,4), (3,5), (4,5), (7,4,) are restricted. These restricted beams are illustrated with an 'o' while the 

unrestricted beams are iliustrated with an 'x'. The beam index k in the horizontal codebook and 

I in the vertical codebook is written next to the beams as (k, f). If this configuration of codebook 
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subset restriction would be signaled w1tt1 a conventional bitmap, N = N11 ·Ny= 64 bits woulc;f tie 

used. 

"Similar rows embodiment'' 

In one embodiment, by using compressing of the CSR signalling, ,a scheme is designed 

5 taking into consideration the hypothesis that precoders (k, /) with adjacent l-.indices (i.e. 

(k, l0 - 1), (k, t0) and (k, l0 + 1) ) are likely to have the same restriction setting, meaning that if 

(k. l0) is restricted. (k, lo + 1) is likely to be restricted as well and vice versa. The scheme works 

as follows: 

First, a bitmap of NN bits are sent, indicating the codebook su'bset restriction for the 

10 ''row· of precoders where l == o (c.f. Figure 4), i.e the precoders (k, I)= (0,0), (1,0), ... , (N11 -

1,0). 

Then, the codebook subset restriction for the second 'row" of precoders, where l == 1 is 

sent. If the restriction is the same as for the previous row of precoders, a '1' is sent. If the 

restriction for this row differs from the restriction of the previous row, a ·o· is sent, followed by a 

15 bitmap indicating the restriction for this row. 

The previous step is then repeated for each of the Nv "rows" of precoders. 

This embodiment 1s illustrated with an example, considering the codebook subset 

restriction setting illustrated in Figure 4, i.e. the restriction of precoders with indices (k, l) ;::: 

(0,4), (3,5), (4,5), (7,4) should be signaled. 

20 Forl=O: 

No precoders with l-index O shol.fld be restricted, therefore the bitmap '00000000' is 

sent. 

For l = 1. 

Tl'ie restriction of this row is identical to the restriction of the previous l'OW, the bit '1' IS 

25 .sent. 

For l = 2: 

Tile restriction of this row is identical to the restriction of tl'le previous row, the bit •1 · is 

sent. 

For Z = 3: 

30 The restriction of th1s row is identical to the restriction of the previous row, the bit '1' is 

sent. 

For Z = 4, 

The restriction of tl11s row is not identical to the restriction of the previous row, therefore 

the bit 'O' is sent. The bitmap indicatfng the restriction for this row should now be sent. 

35 Precoders (0,4) and (7,4) should be restricted. Therefore, the bitmap '10000001' is sent 

For z = 5: 
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The restriction of this row is not identical to the restriction of the pre.vious row, therefore 

the bit '0' is sent. The bitmap indicating the restriction for this row should now be sent. 

Precoders (3,5) and (4,5) should be restricted. Therefore, the bitmap '00011000' is sent. 

For l = 6: 

5 The restriction of this row is not identical to the restriction of the previous row, therefore 

the bit '0 1 is sent. The bitmap indicating the restriction for this row should now be sent. No 

precoder should be restricted. Therefore, the bitmap '00000000' is sent. 

For I= 7: 

The restriction of this row is identical to the restriction of the previous row, the bit '1' is 

·1 o sent. 

The string of bits to be signaled is thus 

0000000001110100000010000110000000000001 ', consisting of 39 bits. Generally. the number 

of bits required with this scheme is 

Nliits == M . NJ/ + Nv - 1 

Where iW is the nu.mbe.r of times the rows change and a bitmap for a row has to be 

·15 transmltted, M "° 4 in the example. Analyzing the above express1on. we note that 1 s M ::; Nv. 

This means that for some of the 2"' = 2NH ·Nv possible codebook subset restrictions, the number 

of bits required to signal the codebook subset restriction with this scheme is smaller than N, 

while for others. such as when M = Nv, the number of bits required is larger than N. 

It should be noted that this is a small example for the sake of illustrating the 

20 embodiment If a larger codebook is used, say NH = Nv == 30, and M = 4 the number or bits 

required with ttlfs scheme would be Nb!Cs = M · N11 + Nv - 1 = 149 compared to N = N11 • Nv == 

900 in the case of just transmitting the entire bitmap; this Is hence a substantial reduction in the 

number of required bits. 

Finally, it is pointed out that all possible codebook subset restriction configurations can 

25 be represented by this encoding/decoding scheme. thereby providing full flexibility. 

"Similar columns" embodiment 

In another embodiment, the scheme discussed rn ihe previous embodiment 1s modified 

by instead taking into consideration the hypothesis that precoders (k, I) with adjacent le-indices 

(i.e. (k 0 - 1, I). (k 0 , l) and (ko + 1,, [)) are likely to have the Sqme restriction setting. meaning 

30 that lf (/c0 , l) is restricted, (k 0 + 1, l) is likely to be restricted as well and vice versa. The 

construction of the string of bits to be signaled would then work similarly as in the previously 

discussed embodiment, except that the precoders "columns" k will be used instead. 

In another embodiment an extra initial bit is inserted where • 1 · indicates that encoding is 

done under the assumption that precocters (I<, l) with adjacent /-indices (i.e. (k, l 0 -

35 1), (Jc, l0) and (k, l0 + 1)) are likely to have the same restriction, hence the encoding is done row 

wise, whereas a '0' indicates that precoders (/(, l) with actjacent //-indices (i,e. (/;;0 -
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l, I), (k0 , l) and (k 0 + 1, /)) are likely to have the same restriction setting, hence encoding is 

done column wise. 

In anott1er embodiment an initial bit is Inserted where '1' indicates that no precoders are 

restricted:, a ·o· indicates that some precoders are restricted and the •o· is followed by a number 

5 of bits representing the codebook subset restriction. 

Accordingly. different "compression" techniques (whether based on similar rows, 

columns, or otherwise) may be adopted for different groups of precoders in the same codebook, 

where the palticular technique is indicated to the device so that the device can decode the 

signaling. Alternatively, the same "compression" technique may be adopted for each of the 

1 O groups of precoders, but the network evaluates different possible techniques to identify the one 

that provides the best compression and then adopts that approach (and indicates it to the 

device). 

Of course, the embodiments shown in Figure 2. and variations thereof, may be used for 

signaling a restricted subset of precoders in any given codebook, whether Kronecker structured 

·l 5 or not. Moreover, the signaling rnay be rank-specific, meaning that different signaling restricts 

different rank-specific codebooks. 

According to other embodiments shown in Figure 5, a method is implemented in a 

network node 10 (e.g., a base station) for signaling to a wireless communication device 14 

which precoders in a codebook are restricted from being used (e.g., which Kronecker product 

20 precoders are restricted). As shown, the method includes generating codebook subset 

restriction signaling that. for each of one or more groups of precocters. jointly restricts the 

precoders in the group. e.g., with a single signaling bit (Block 210). In at least some 

embodiments, this signaling (I) is rank-agnostic so as to restrict precoders irrespective of their 

transmission rank; and/or (ii) jointly restricts a group of precoders by restricting a certain 

25 component that those precoders (i.e., the precocters ln the group) have in common. Regardless. 

the method then includes sending the generated signaling to the wireless communication device 

14 (Block 220). 

Consider embodiments that jointly restrict a group of precode rs by restricting a certain 

component that those precoders (i.e., the precoders in the group) have in common. Precoders 

30 have a certain component in common if the precode rs are derived from or are otherwise a 

function ofthat same component. In one embodiment, for example, a group of precoders W(b) 

that have a certain component b in common are jointly restricted by restricting that component 

b Restriction of this component b may be signaled for instance in terms of one or more indices 

for the component (e.g., m where the component is indexed as bm or (k, l) where the 

35 component is indexed as b1<,,t. with m, k, and l being indices for a Kronecker-structured 

codebook as described above). 

Note that embodiments herein contemplate a precoder havlng one or more different 

"components" al any lever of granularity (e.g., component{s) at a high level of precoder 
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factorat>llity and/or component(s) at a tower level of precocter factorability). For example, a 

precoder may comprise one or more different components bat one level of granularity. At a 

finer level of granularity, though, each of these components b may in tum be derived from or 

otherwise be a function of multiple sub-components xH and xv such that b(xH.xv ). ln this case, 

5 a group of precoders W(x 11,xv) that have a certain component xii or xv in common may be 

jointly restricted by restricting that component x11 or xv. Restriction of this component x 11 or xi' 

may be signaled for instance in terms of an index for the component (e.g., k or/ where the 

component x11 is indexed as x~ and the component xv is indexed as x&. with ;.·u and ;.:v being 

horizontal and vertical beamforming vectors, respectively, and with k and l being indices for a 

1 O Kronecker-structured codebook as described above). 

In some embodiments, a precoder at one level of granularity consists of one or more 

different components that are referred to as one or more so-called "beam precoders''. Each 

precoder Win this regard consists of one or more beamforming vectors b0 , bt, ... , bx that are 

referred to as beam precoders. One or more embodiments herein jointly restrict a group of 

·1 s precoders W that have a certain beam precoder in common, by restricting that beam precoder. 

With restriction of precoders Was a whole founded on restriction of one or more of their 

constituting beam precoders, these embodiments advantageously generate the CSR signaling 

in terms of beam-specific restrictions (i.e., restrictions of certain beam precoders), rather than in 

terms of precodet-specific restrictions (Le., restrictions on precoders Was a whofe). In some 

20 embodrments, the device 14 shall ass.Jrne that a precoder Wis restricted if one or more of its 

beam precoders are restricted. In other embodiments, each beam precoder must be restricted 

for the device 14 to assume that the tmal precoder Wis restricted. 

In one embodiment, a beam precoder is the beamforming vector used to transmit on a 

particular !ayer, where different scaled versions of that beamforming vector are transmitted on 

25 different polarizations. Different layers are transmitted on different beam precoders. A precoder 

W in this case can be expressed as: 

W = a . [. bo bi ... b1.-1 ] 
v'obo {f)'I b1 .. · <pl-, b l-1 

Here, W is a N x L precoder matrix, where N is the number of transmit antenna ports, l 

the transmission rank (I.e. the number of transmitted spatial streams), b0, b1, ... , b1.-~t are r X 1 

beamfotming vectors (denoted beam precoders), lfJ(i, q;1 , ... , 'Pi,-1. and a are arbitrary complex 

30 numbers. Another precoder Wot the same codebook as W above can be expressed as: 

[ 
b1 b2 ··· bL ] w-a, . 

- <P1 bi_ ((J2b2 ... cp,,bi . 

For example, by signaling bo. only the former precoder is restricted and by signaling b 1 both 

precoders will be restricted. 
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In some embodiments, the first "i antenna ports are mapped to antennas wfth one 

polarization while the latter~ antenna ports are mapped to antennas with the same positions as 

the first antennas, but with an orthogonal polarization. In such embodiments, for each column of 

w (i.e. the preaoder for each spatial layer), a beam precodet b is transmitted on one 

5' polarization and a scaled version of the same beam precoder <fib is transmitted on a second 

polarization. Such scaling may lmpact the phase, amplitude, or both the phase and amplitude of 

tl1e beam precoder. 

In another embodiment, a bear11 precoder is the beamforrning vector used to transmit on 

multiple different layers. where the layers are sent on orthogonal polarizations. In this case. a 

·1 0 precoder W can be expressed as: 

W _ a . [ ho bo · · · b0 ] 

- <pobo 'P1 bo .. · cp L~1 bfi 

Accordingly, 1t should be noted that the beam precoders for each spatial layer 

b0 ,bi, ··-, b,._ 1 may be different beam precoders, or, some subsets of the beam precoqers may 

be identical, for example b0 may be equal to b1 . 

In yet another embodiment, a beam precocter is the beamforming vector used to transmit 

15 on a particular layer ahd on a particular polarization. That is, a beam precoder may be defined 

in a slightly different way than the definition above. The definition of a beam precoder may for 

example allow different beam precoders to be transmitted on the different polarizations of the 

same layer, such as 

20 

[ 
ho b, · · · 1-..>u.-, j W=o· . 

<flob1 Cfl1b3 ... 'PL-1b2l-1 

In still another embodiment, the beam precoders may be defined by disregarding the 

polarization as 

W =-a· [b0 b 1 ... bl-1l 

Note that the beam precoders b0, bi, .,. . b1, .. 1 may be chosen explicitly from a set of 

beam precoders (a codebook) or they may be impHcitly chosen when selecting the (total) 

25 pre coder W from a codebookX. It should be noted that the selection of the {total) precoder W 

may be made with one or several PM ls. In the case where selection of the total precode, W is 

made with several PM ls, the resulting beam precoders for each layer may be a function of only 

a subset of the PM ls or they may be a function of all PM ls. 

Irrespective of tl'le particular way a beam precoder is defined, tnough, one or more 

30 embodiments herein jointly restrict a group of precoders W that have a certain beam precoder in 

common, by restricting that beam precoder. That is, in some embodiments, codebook subset 

restriction (CSR) may be s19nalled based on the set of possible beam precoders b, instead of 

CSR signalled on the set of possible (total) precoders w. In some such embodiments. the 

device 14 shall assume that a precoder w is restricted if one or more of the beam precoders 
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/J0,b 1 , ... , hi_ 1 of each layer are restricted. In other such embodiments, each layers' beam 

precoder must be restricted for the device 14 to assume tl1at the total precoder Wis restricted. 

Consider a specific example for an 8TX codebook with transmission rank 2. tn some 

embodiments, this codebook is defined as shown in Figure 6. Defined in this way, each 

5 precoder W is formed in part from a beam precoder ·11m (note the notation shift from 

b0 , b1, ... , b1,- 1 to Vm ). The beam precoder index mis the same for some precoders W, including 

for instance precoders whose subcodebook index t2 is equal to 0, 1, 8, 9, 12 or 13 (since for 

those precoders m = 2ii}. This means that those precoders W have the same beam precoder 

11m In common Accordingly, some embodiments herein jorntly restrict a group of precoders w 
1 O that have a particular beam precoder v1" ln common, by restricting that beam precoder vm, e.g., 

with a single bit. Restriction of this beam precoder vm may be signaled for instance in terms of 

lndex m (e.g., beam precoders indexed with a particular value of mare restricted). Signallng in 

this case may constitute a bitmap, with dlffererit bits in the bitmap respectively dedicated to 

fndicating whether or not different beam precoders are restricted from being used. For example, 

15 signaling may constitute a bitmap of m values, with different bits in the bitmap respectively 

dedicated to indicating whether or not beam precoders rndexed with different of m values are 

restricted from use. 

In alternative embodiments not shown in Figure 6, the beam precoder 11111 is replaced by 

beam precoder v1u, which is a Kronecker product of a vertical beamforming vector xv with index 

20 k and a hor\zontal beamforming vector x11 with index L For example, as noted above, these 

beamforming vectors may comprise OFT vectors. Regardless, restriction of beam precoder 11,_,1 

may be signaled in terms of the index pair (le,!). Signaling in this case may constitute a bitmap 

of (/<, l) value pairs, with different bits in the bitmap respectively dedicated to indicating whether 

or not beam precoders indexed with different (le, l) value pairs are restricted from use, 

25 Instead of such a bitmap, restriction of one or more beam precocters vk,1 in some 

embodiments is jointly signaled in terms of a ''rectangre· defined by two (k, L) value pairs: 

namely, (k 0, lo) and (k 1 , l 1). In this case, beam precoders v1d with indides ko < k < 1<1 and 

!0 < l < l 1 are restricted. 

As yet another alternative, restriction of one or more beam precoders v,,_1 in some 

30 ernbodlmenfs is signaled in terms of a bitmap of k values and/or a bitmap of I values. ff signaled 

as only a bitmap of k values, the device in some embodiments assumes that any beam 

precode rs 11k,I with certain k values are restricted, irrespective of those precoders· l values. If 

signaled as only a bitmap of I values, the device in some embodiments assumes that any beam 

precoders Dk,t with certain l values are restricted, irrespective of those precoders' k values. If 

35 signaled as both a bitmap of k values and a bitmap of I values, the device in some 

embodiments assumes that only beam precoders 1,,,,1 with certain (k, I) value pairs as 

collectively defined by those bitmaps are restricted. 
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That said, restrictions specified in term of k and/or l values may in some sense be 

deemed as restrictions at a finer level of granularity than even the beam preco<lers themselves. 

Indeed, as noted above, each beam precoder v,d, is in some embodiments a Kronecker 

product of a vertical beamforming vector xv wlth index k and a horizontal beamforming vector 

5 xH with index l. Accordingly, signaling the restriction ask and/or l values effectively amounts 

to restricting (sub)components x11 or xv. 

Consider an example of these finer-granularity embodiments where codebook subset 

restriction is to be applied to beam precoders with I values of 3 or 4. lf this configuration of 

codebook subset restriction would be signaled with a conventional bitmap, N = Nu • Nv :::: 64 

·1 O bits would be used. By contrast, the scheme in these finer-granularity embodiments consider 

restriction of entire precocter "rows•. i.e all precoders that are formed from beam precode rs with 

the same l-index is either turned on or off. To signal the codebook subset restriction in this 

example, therefore, the bitmap '00011000' of l values, consisting of Nv = 8 bits, may be sent. 

With this scheme, a large reduction of the number of bits required to signal the codebook subset 

·15 restriction is seen. However, not ali of the zN possible codebook subset restrictions may be 

signaled, 

In a similar embodiment. the restriction is applied on the precoder "columns'' k and the 

codebook subset restriction is signaled with a N11 bif long bitmap, indicating restrictions of entire 

precoder ·columns~. 

In another embodiment-an extra initial, bit is inserted where '·1' indicates that encoding is 

done as above "row wise", whereas a 'D' indicates ls done •column wise''. 

!n yet another embodiment, the device 14 shaJI assume that a precoder W is restricted if 

both the ve1iical and the horizontal precoderin the Kronecker structure are restricted. If only one 

of the vertical and horizontal precoders are restricted, then the device 14 shall not assume that 

25 the resulting precoder after Kronecker operation is restricted. 

Thus, one or more embodiments herein advantageously exploit a codebook's Kronecker 

structure to generate the signaling of Figure 5 in terms of indices k, l, and/or m. In some 

embodiments, for example, the signaling is generated to jointly restrict, e.g., with a single bit, a 

group of precoders that either (i) have the same value of index k; (ii} have the same value of 

30 index l; or (iii) have the same pair of values for indices (le, I). 

In some embodiments, signaling that jointly restricts a grollp of precoders by restricting a 

certain component (e.g., beam precoder) that those precoders have in common is rank

-agnostic. That is, the signaling jointly restricts the group of precoders regardless of the 

precoders' transmission rank (i.e., regardless of which rank-specific codebook they belong to). 

35 For .example, embodiments that restrict a single beam precoder b0 can be extended so that all 

precoders across all ranks that contain the restricted beam precoder b0 are restricted. Hence, 

all precoders across all ranks that contain a certain beam precoder b0 is a precoder group that 

can be restricted jointly. According to some embodiments, therefore, an advantage of signaling 
19 

IPR2022-00464 
Apple EX1002 Page 34



CSR based on beam precoders is that one does not need to signal a separate CSR for 

precoders with diffe.rent rank (precoders with different rank are restricted with the same CSR). 

This reduces signaling overhead. 

Signaling that jointly restricts a group of precoders by restricting a certain component 

5 that those precoders have in common also proves effective for restricting precoders that 

transmit in whole or in part towards certain angular pointing directions. Indeed, according to 

some embodiments hereln, the networr< node 10 jointly restricts a group of precoders that 

transmit at least in part towards a certain angular poi11trng direction, by restricting a certain 

component (e.g .. beam precoder) which has that angular pointing direction. In this way, the 

1 O network node 10 avoids transmitting energy in a certain direction, by signaling to the device 14 

by means of CSR that the devrce 14 shall not compute feedback for that particular direction 

More specifically in this regard, when e~ch precoder Wis formed from multiple beam 

precoders, the precoder W in some sense has multiple angular pointing directions 

corresponding to the angular pointing directions of its constituent beam precoders (where each 

·15 beam precoder has its own azimuth and zenith angular pointing direction for example). In 

another sense, though, the precoder W has an overall angular pointing direction that ·is a 

combination (e.g., average) of its beam precoders· respective directions. By restricting beam 

precoders that have certain angular pointing directions, embodiments herein effectively restric1 

precoders that transmit at least in part in those directions, and do so with reduced signaling 

20 overhead. 

As an example, a set of rank-1 precoders with the same angular pointing dltection but 

with different polarization properties. such as the whole set of rank-1 precoders 

may be restricted by restriction signaling of a single beam precoder b0 . Thal is, when a 

25· restriction is signaled for a certain beam precode.r. the restriction applies implicitly to all 

polarization phases of the signated beam. Hence, the group of rank-1 precoders exemplified 

above is associated with a single CSR bit and is thus jointly restricted. This reduces device 

complexity and CSR signaling overhead, since only the beam direction needs to be signaled. 

30 

In another example, the set of rank-1 precoders 

may be jointly restricted by restriction signaling of a single beam precoder b0 . Hence, the group 

of rank-'1 precoders exemplified above is associated wfth a single CSR bit and is thus jointly 

restricted. 

Restriction ofprecoders with certain angular pofnting directions can aJso be 

35 accomplished by specifying restrictions in terms of certain le and/or I values. This is illustrated 

with reference to Figure 7. which illustrates the angular beam pointing directions of rank-1 
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precoders in a codebook according to one example. In this example, the network node has a 

4x4 antenna array where no mechanical downtilt js used. The Kronecker codebook consists of 8 

vertical and 8 horizontal precoders. i.e. Nn = N1, = B. In this example, codebook subset 

restriction is applied to restrict beams with pointing directions in the zenith inteNal [80"1 ·rnoQJ 
5 (the interval is illustrated with dotted lines). That is, codebook subset restriction is applied in the 

angular interval 80" < ff < 100', such ti1at the precoders with indices /-index 3 and 4 are 

restricted. The restricted beams are illustrated with an 'o' while the unrestricted beams are 

Ulustrated with an ·x·. The beam index k in the horizontal codebook and I in the vertical 

codebook is wtilten next to the beams as ({(, /). To slgnal the codebook subset restriction in this 

10 example, therefore, the bitmap '00011000' of l values. consisfing of Nv = 8 bits, may be sent. 

With this scheme, a large reduction of the number of bits required to signal the codebook subset 

restriction is seen. 

In another embodiment, the device 14 shall assume that a precoder is restricted if both 

the vertical anEI horizontal precoder in 1he Kronecker structure are restricted. This allows to 

15 restrict a rectangular "window" of beam former pointing angles as seen from the network node 

10. 

This can also be accomplished by signaling the restriction as a "rectangle" of precoders 

defined by the index pairs (k 0 , l 0) and (1<1 , 11). With this scheme, precoders with indices 

ku < k < /(1and l0 <I< l 1 are restricted. 

20 Component-based restriction of a precoder group is fust one example of embodiments 

that provide for rank-agnostic CSR signalling. Other embodiments herein also provide for such 

rank-agnostic signaling. For example, some embodiments herein generate signaling to jointly 

indicate that a group of precoders which transmit in whole or in part fn certain angular pointing 

ditectlon(s) are restricted, by generating the signaling to (exp1icitry or impliciUy) indicate those 

25 angular pointing direction(s). The signaling may for Instance specify an angular area or Interval 

that ls restricted, in terms of one or more angular parameters_ This restriction may concern the 

angL1lar pointing direction of a precoder as a whole. or the angular pointing dfreclion of any 

beam precoder forming the precoder. 

In one embodiment, the angular area or interval may be represented by angular points 

30 (¢ 0 , 80) and (('/>1, 01), spanning a rectangle in the angular domain. Here, </J and fJ 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 device 14 may then calculate the angular pointing directions 

of the precoders in the codebook and compare them to the restricted angular area to derive the 

35 codebook subset restriction. The device 14 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. 
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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 
'/' 

Jt J2rr J2rr [ 
. ik+-.IIJ, . (Mo--1)h+.il11] 

XH = l e MhQ1, -·· e M1,Qn , k = o, ... , MhQ11 - l, where Qr. is an integer horizontal 

5 oversampltng factor and Ll1; can take on value in the interval 0 to 1 so as to "shlft" the bearn 

pattern (Ll11 :::Q.5 could be an inte1'esting value for creating symmetry of beams with respect to 

the broadside of an array). 

[ ·z 1! !•.e!-,, ·z (M.,- l}lf.<l11]T 
The vertical codebook can be expressed as X{, = 1 eJ rr M,Q., - .• e 1 r< ·M~Qv , l = 

o ..... M ... Q ... -1, where Q~is an integer vertical oversampling factor and Ll., is similarly defined as 

·10 above. 

The pointing direction of precoder (k, l) can be calculated by first calculating the pointing 

angle with respect to the broadside of the antenna array: 

t, + Ll - Qi,Mv. 
8 =-acos( 2 ) 

dvQvM,, 

I+ Ll. - Qi!Mh 
ib = astn( 2 ) 

d/]Q,.Mh sin(e) 

Where dv and dH is the vertical and horizontal antenna element spacing of the array, in 

wavelengths, respectively. The mechahical ctowntilt angle fl is taken into account in order to 

15 calculate the actual beam pointing angles as: 

cfr = ,t.,(cos( ¢) sia(ff) cos( -{J) - cos(e) sin(-·/3) + J sin( 8) 1>in(if)) 

0 = a.cos(cos(rjj)sin(e)sin(-jJ) +cos(-,B)c:os(e)) 

The device ·14 needs to be signaled the additional information dn, dv and f3 to be able to 

calculate the beam pointing direction of the precoders in the codebook. It is assumed that the 

device 14 already knows the parameters Q,,, Mu, Q,-,, M,. and Ll as part of the codebook structure. 

The set of parameters </Jo, !:10 ,¢v 01, d 11, dv, fl thus ·parameterizes the codebook subset 

20 restriction in this embodiment. When signaling said parameters, several strategies may be used. 

In one embodiment, each parameter is uniformly {!Uantized with a number of bits, over a 

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

Parameters Interval Quantization bits 

¢0, Oo,411, 01 (0,180] {deg] 6 

diJ,dv [0,2] 4 

fJ [-30.30} (deg] 6 
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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. 

In another embodiment, each parameter may take a value from a fixed set of possible 

values. Each possible value of the parameter is encoded with a different number of bits 

5 depending on e.g. the perceived likelihood of the parameter taking that value. For example, the 

horizontal a(ray element spacing dn may be encoded as follows 

V 0. 0. 0. 1 4 2 0. 

alue 5 8 65 75 

Bi 1 0 Q 0 0 0 0 

ts 1 011 010 001 0001 0000 

In this embodiment, the encoding of dH was designed to take into account d11 = o.s is a 

common value for horizontal antenna element separation, thus encoding this value with a low 

1 O number of bits. Other, less common. values are encoded with a larger number of bits. Note that 

the encoding of d11 in this embodiment constitutes a uniquely decodable code. 

In another embodiment, some of the parameters are uniformly quantized with a number 

of bits over a predefined interval, while other parameters are encoded with a different number of 

bits as in the previous embodiment. 

15 In some other embodiments, different sets of parameters relating to the restricted 

angular area may constitute the parameters that define the codebook subset restriction. In one 

such embodiment. only a zenith interval 00 :s e < 01 is restricted, and thus. 00 , 01. may be sent. 

In another such embodiment, the restriction is only an azimuth interval ¢ 0 :5 ¢ < <jJ1 . In yet 

another such embodiment, the angle interval may be open-ended, i.e. ¢ < ,p1 constitutes the 

20 restriction. 

In other embodiments, parameters relating to the ante-nna array such as dH,dv and ll' 

are not a part of the codebook subset restr1ction parameters. instead they may be already 

known to the UE or the UE assumes a default value of said parameters and the eNodeB 

chooses reslrtctJon angles ( ¢ 0 , 60 ) and (¢1., 01) in such a way that the intended pre coders are 

25 restricted when the UE calculates the restriction based on the default values of said parameters, 

where the default values of said parameters may differ from the actual value of said parameters. 

In other embodiments. more parameters may be included 1n the codebook subset 

restriction parameters. In one such embodiment, the roll angle y of the antenna array may be 

included in the codebook subset restriction parameters. 

30 In view of the above modifications a11d variations. one recognizes that there are many 

ways that the CSR signaling can JoinUy restrict precoders in a group. The signaling can be rank

agnostic or not And the signaling can restrict a ce1tain component that is common to the group 

or signal angular parameters associated with the group. The signaling can take the form of a 

bitmap for beam precoder indices, take the form of angular parameters, take the form of sub-
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codebook incle.x pairs, take the form of a bitmap for indices of a single sub-codebook, etc. 

Irrespective of these particular variations, though, CSR signaling overhead Is reduced based on 

correlation of the precoder restrictions or equivalently grouping of precoders. But the group

based joint restriction means that not all of the zN codebook subset restriction configurations are 

5 possible to convey to the device M. Instead, only a subset of the possible configurations may 

be ·chosen. 

Accordingly, at least some embodiments balance the loss in flexibllity caused by jo1nt 

restriction with the signaling overhead gains by such joint restrlction by performing joint 

restriction with respect to only a portion of precoders in tne codebook. That is, codebook subset 

·1 O restriction may be configured with full flexibility on a subset A of the precoders in the codebook 

(meaning that each of the precoders may be turned on or off individually), while only a few 

configurations may be chosen for the remaining set B of precoders .. For example, the codebook 

subSet restriction for the remaining set a of ptecoders may only be represented with one bit. 

turning all precoders in the set either on or off. This will reduce the CSR signaling overhead 

15 which is beneficial. 

As an example in the context of beam precoders. the codebook may consist of two sets 

of precoders. One of the sets consist of precoders Which may be equivalently expressed as a 

function of layer-specific beam precoders (as defined above} whlle the other set may consist of 

arbitrary precode-rs. In th1s embodiment, the first set of precoders may be configured with full 

20 fle..xibillty while the other precoders i11 t~e codebook may be configured with limited flexibility, 

This embodiment is just one e-xample of grouping of the precoders in the codebook 

where precoders belonging to set A is individually represented by one. bit while precode-rs in set 

B are all Jointly restricted with a single bit. This embodiment can be further extended by having 

muft1ple sets B as B_ 1,8_2, ... B_N where each of the set B_n, n=1, ... ,N contain at least two 

25 precoders each and is associated with one CSR bit. In Figure 8 an example is shown where 

Precode, 1 to 14 are each represented by an lndfvidual bit (Set A). while all precoders in group 

B 1 are repres-ented by a single CSR bit. e.g. the bit for precoder 15. 

The defined groups may also be overlapping, so that a given precoder extsts in multiple 

groups. Jf this is the case, then priority or combining rules needs to be defined, so that tt'le 

30 device 14 understands how to interpre1 the case when one precoder is restricted by the 

signaling of one group but not from another group it belong to. 

In a further detailed embodiment, therefore, the groups 8-n in Ffgure 8 may be 

overlapping and rules are specified in standard text on how the device 14 shall interpret CSR 

signaling. For instance, assume two groups B_ 1 and 8_2 each represented by one bit and that 

35 one precoder belongs to both groups. One rule may be that if a precoder is restricted in any of 

the groups it belongs, then the precoder should be assumed to be restricted. Another alternative 

is that the precoder must be restricted in both groups for the precoder to be assumed to be 

restricted. 
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In some embodirnents in this disclosure, codebook subset restriction is discussed using 

the termino[ogy precoders and codebooks. It may be assumed that beam specific restriction is 

used in said embodiments, and that the terminology may be interchanged to beam precoders 

and set of beam precoders, depending on the granularity being discussed. 

5 Note that although terminology from 3GPP L TE has beeo used in this disclosure to 

exemplify embodiments herein, this should not be seen as limiting the scope of the 

embodiments to only the aforementioned system. Other wireless systems, including WCDMA, 

WlMax, UMB and GSM, may also benefit from exploiting the ideas covered within this 

disclosure. 

10 Also note that terminology such as eNodeB and UE should be considering non-limiting 

and does m particular not imply a certain hierarchical relation between the two; in general 

''eNodeB" could be considered as device 1 and "UE" device 2, and these two devices 

communicate with each other over some radio channel. Herein. we also focus on wireless 

transmissions in the downlink, but embodiments herein are equally applicable in the uplink. 

·15 Embodiments herein also include methods in a wireless communication device 14 

corresponding to the methods described above in a network node 10. These methods receive 

and decode the signaling that the network node 1 O generates according to any of the 

embodiments above. 

According to one embodiment shown in Figure 9, for example, a method is implemented 

20 by a wireless communication device 14 (e.g., a UE) for decoding signaling from a network. node 

10 indicating which precoders in a codebook are restricted from being used, The method 

includes receiving the signaling (Block 300). The method also includes, for each of one or more 

groups of precode.rs in the codebook, decoding the signaling to identify which of different 

possible configurations is actually signaled for that group. Different possible configurations in 

25 this regard restrict different subgroups of precoders in the group from being used. This decoding 

proceeds on a group-by-group basis, starting with a first group (Block 310). Specifically, the 

decoding entails identifying one or more reference configurations for the first group, the bit 

pattern tdentified for signaling each reference configuratton, and the length of that bit pattern 

(Block 320). These reference conflguratioh(s) may be predefined at tt1e device 14. or may be 

30 signaled from the network node 10. Regardless, decoding then entails detecting the actual 

configuration signaled for the group, by detectlng a bit pattern rn the received signaling whose 

length depends on (i) whether the actual configuration matches one of the one or more 

reference configurattons: and/or (ii) which reference configuration the actual configuration 

matches (Block 330). 

35 Such may entail, for example, determining the length B of the bit pattern defined for 

signaling a particular reference configoration. and checking whether a B-lehgth string of the next 

bits in the signaling corresponds to the bit pattern defined for signaling that reference 

configuration. This determination and checking may be performed for each of the one or more 
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reference configurations, after which (if no referenc€ configurations are identified as ):)eing 

signaled) a default-length string of the next bits in the signaling is decoded for detecting 

non-reference configurations. 

Regardless of the particular implementation of the decoding process (Blocks 320-330), 

5 the decoding is repeated for each of the one or more groups ofprecoders in the codebook 

(Blocks 340, 350). 

Those skilled In the art will appreciate that the devlce-side embodiments include 

decoding of any of the network-side e,mbodiments Illustrated with reference to Figure 3, 

including for instance the "similar rows embodiments" and the ''similar columns embodiment." 

1 0 According to one or more other embodiments shown in Figure 10, a method is 

implemented by a wireless communication device 14 (e.g., a UE) for decoding signaling from a 

network noCle 10 indicating which precoders in a codebook are restricted from being used (e.g., 

which Kronecker product precoders are restricted). As shown, the method includes receiving the 

signaling from a network node 10 (e.g. a base station) {Block 400). The method also includes 

·15 decoding the signaling as jointly restricting precoders in each of one or more groups of 

precoders (Block 410). In at least some embodiments, such decoding involves decoding the 

signaling (i) as being rank-agnostic so as to restrict precoders irrespective of their-transmission 

rank; and/or (ii) as jointly restricting a group of precoders by restricting a certain component that 

those precoders have fn common. 

20 Those skilled in the art wlfl appreciate that the dev1ce•side embodiments include 

decoding of any of the network-side embodiments illustrated wilh reference to Figure 5. So, for 

example, the device 14 in some embodiments decodes the signaling as jointly restricting a 

group of precoders that have a certain beam precoder in common, by restricting that beam 

precoder. And one or more device-side embodiments likewise advantageously exploit a 

25 codebook's Kronecker structure to decode the signaling of Figure 10 in terms of indices h, I, 

and/or m. In some embodiments, for example, the signaling is decoding as jointly restricting, 

e.g., with a single b1t, a group of precoders that either (I) have the same value of index k; (II) 

have the same vaiue of index i; or (IH) have the same pair of values for Indices (k, [) 

With the above modifications and variations in mind, Figure 11 illustrates additionaf 

30 details of the network node 500 (corresponding to network node 10) according to one or more 

embodtments. The network node 500 i5 configured, e.g., via functional means or units 540-570, 

to implement the processing in Figure 2 tor signaling to a wireless communication device 14 

which precoders rn a codebook are restricted from being used. The network node 500 In some 

embodiments for example includes a reference configuration identifying means or unit 540 for 

35 identifying one or more reference configurations for each of one or more groups of precoders. 

The network node 500 in such case further includes an actual configuration identifying means or 

unit 550 for identifying an actual configuration for each of the one or more groups. The network 

node 500 also includes a signal generating means or unit 560 for generating signaling to 
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Indicate the actual configuration for each of the one or more groups, by generating tl1e signaling 

as a bit pattern whose length depends on (i) whether the actual configuration matches one of 

the one or more reference configurations.; and/or (ii) which reference configuration the actual 

configuration matches. The network node 500 finally includes a sending means or unit 570 for 

5 sending 1he generated signaling to the wireless communication device. 

In at least some embodiments, the network node 500 comprises one or more processing 

circuits 510 configured to implement this processing, sucll as by implementing functionaf means 

or units 540-570. In one embodiment. for example, the node's processing circuit(s) 510 

implement functional means or units 540-570 as respective circuits. The circuits in this regard 

1 0 may comprise circuits dedicated to performing certain functional processing and/or one or more 

microprocessors in conjunction with memory 520. fn embodiments that employ memory 520, 

which may comprise one or several types of memory such as read-only memory (ROM), 

random-access memory, cache memory, flash memory devices, optical storage devices, etc., 

the memory stores program code that, when executed by the one or more for carrying out one 

'15 or more microprocessors, carries out the techniques described herein. 

In one or more embOdiments, the r1etwork node 500 also comprises one or more 

communication interfaces 530. The one or more communication interfaces 530 include various 

components (not shown) for sending and receiving data and control signals. More particularly, 

the interface(s) 530 Include a transmitter that is configured to use known signal processing 

20 techniques, typically according to one or more standards, and is configured to condition a signal 

for transmission (e,g., over the air via one or more antennas), Similarly, the intertace(s) 530 

include a receiver that is configured to convert signals received (e.g., via the antenna(s)) into 

digital samples for processing by the one or more ,processing circuits 510. 

Figure 12 illustrates additional details ofthe network node 600 according to one or more 

25 embodiments. The network node 600 is configured, e.g., via functional means or units 640-650, 

to implement the processing in Figure 5 for signaling to a wireless communication device which 

precoders in a codebook are restricted from being used. The network node 600 in some 

embodiments for example includes a generating means or unit 640 for generating codebook 

subset restriction signaling that, for each of one or more groups of precoders, jointly restricts the 

30 precoders in the group, e.g., with a single slgnaling bit. The network node 600 also includes a 

sending means or unit 650 for sending the generated signaling to the wireless comrnurilcation 

device. 

In at least some embodiments, the network node 600 comprises one or more processing 

circuits 610 configured to implement this processing, such as by implementing functional means 

35 or units 640-650. In one embodiment, for example, the node's processing circuit(s) 61 0 

implement functional means or units 640-650 as respective circuits (similarly to that descrlbed 

above, e.g., in conjunction with memoryr 620). In one or more embodiments, the network node 

600 also comprises one or more communication interfaces 630. 
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Fjgure 13 illustrates additional details of the wireless communication device 700 

(corresponding to wireiess communication device 14) according to one or more embodiments. 

The device 700 is configured, e.g., via functfonal means or units 740-760, to implement the 

processing in Figure 9 for decoding signaling from a network node indicating which precoders in 

5 a codebook are restricted from being used. The device 700 in some embodiments for example 

Includes a receiving means or unit 740 for receiving the signaling from the network node. The 

device 700 further includes an identifying means or unit 750 configured, for each of one or more 

groups of precoders, to identify one or more reference configurations for the group, the bit 

pattern identified for signaling each reference configuration, and the length of mat bit pattern. 

1 0 The device 700 finally includes a detecting means or unit 760 configured to detect the actual 

configurauon signaled for the group, by detecting a bit pattern in the received signaling whose 

length depends on (i) whether the actual configuration matches one of the one or more 

reference configurations: and/or (ii) which reference configuration the actual configuration 

matches. 

In at least some embodiments, the device 700 comprises one or more processing 

circuits 710 configured to implement this processing, such as by implementing functional means 

or units 740-760. In one embodiment, for example, the device's processing clrcuit(s) 710 

implement functional means or units 7 40-760 as respective circuits. The circuits in this regard 

may comprise circuits dedicated to performlng certain functional processing and/or one or more 

20 microprocessors in conjunction with memory 720. In embodiments that employ memory 720, 

which may comprise one or several types of memory such as read-onfy memory (ROM), 

random-access memory. cache memo1y, flash memory devices, optical storage devices. etc., 

the memory stores program code that. when executed by the one or more for carrying out one 

or more microprocessors, carries Ol1t the techniques described herein. 

25 In one or more embodiments. the device 700 also comprises one or more 

communication interfaces 730. The one or more communication interfaces 730 include various 

components (not shown) for sending a11d receiving data and control signafs. More particularly, 

the interface(s) 730 include a transmitter that is configured to use known signal processing 

techniques, typically according to one-or more standards. and is configured to condition a signal 

30 for transmission (e.g., over the air via one or more antennas). Similarly, the interface(s) 730 

include a receiver that is configured to convert signals received (e.g .. vla the antenna{s)) into 

digital san,ples for processing by the one or more processing circuits 710, 

Figure 14 illustrates additional details of the device 800 according to one or more other 

embodiments. The device 800 is configured, e.g., via functionaJ means or units 840-850, to 

35 implement the processing in Figure 1 O for decoding signaling from a network node indicating 

which precoders in a codebook are restricted from being used. The device 800 in some 

embodiments for example includes a receiving means or unit 840 for receiving the signaling 

from the network node. The device 800 further includes a decoding means or unit 850 for 
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decoding tt1e signaling as jointly restricting precoders in each of one or more groups of 

precode rs. 

In at least some embodiments. the device 800 comprises one or more processing 

circuits 810 configured to implement this processing, such as by implementing functional means 

5 or units 840-850. In one embodiment. for example, the device's processing circuit(s) 810 

implement functional means or units 840-850 as respective circuits (similarly to that described 

above, e.g., ln conjunction with memory 820). In one or more embodiments, the de\fice 800 also 

comprises one or more communication interfaces 830. 

Those skilled in the art will also appreciate that embodiments herein fu,ther include 

1 O corresponding computer programs. 

A computer program comprises instructions which, when executed on at least one 

processor of the network node or the wireless communication device, cause node or device to 

carry out any of the respective processing described above. Embodiments further include a 

carrier containing such a computer program. This carrier may comprise one of an electronic 

'15 signal. optical signal, radio signal, or computer readable storage medium. 

A computer program in this regard may comprise one or more code modules 

corresponding to the means or units described above. 

General Embodiments 

In a first embodiment, a UE is able to receive messages in order to tum indfvidual 

20 codewords on/off. The following holds for the set of possible messages: 

At leo1sl one of these messages, whfch correspond to a certain configuration out of the 

2"N possible configurations, is represented by less than N bits. 

The message will contain information to define on/off for each individual codeword in the 

entire codebook. 

25 Each message is uniquely decodable to the UE and will correspond to one of the 211N 

possible configurations. 

In a second embodiment, the UEofthe first embodiment is configured such that 

codebook subset restriction is done on beam precoders. 

In a third embodiment. the UE of the first embodiment ls configured such that codebook. 

30 subset restriction ls configured with full flexibility for a subset of precoders in the codebook, 

while codebook subset restriction Is configured with a Hmited flexibility for other precoders in the 

codebook. 

In a fourth embodiment, the UE of the third embodiment is configured such that the set 

of precoders for which codebook subset restriction is configured with full flexibility is the set of 

35 precoders that may be equivalently expressed as a function of layer-specific beam precoders. 

In a fifth embodiment, the UE of the first embodiment is configured such that N = N_H• 

N_ V from the Kronecker struclure. 

29 

IPR2022-00464 
Apple EX1002 Page 44



In a sixth embodiment, the UE of any of the first through the fifth embodiments is 

configured such that the information used to design the set of messages consists of information 

about angular intervals which are likely to be restricted. 

In a seventh embodiment, ihe UE of the first embodiment 1s configured such that only a 

5 subset of the 211N possibfe configurations may be configured. 

In an eighth embodiment. the UE of the first embodiment is configured suet, that at least 

one of the messages, which corresponds to a certain configuration out of the 211N possible 

configurations, is represented more than N bits. 

In a ninth embodiment. the UE of the first embodiment is configured such that the set of 

1 O messages are designed usfng information about the likelihood of certain configurations being 

chosen. 

In a tenth embodiment, the UE of the first embodiment is configured such that the 

information about the likelihood of certain configurations being chosen is only an implicit 

assumption of the likelihoods. 

In an eleventh embodiment. the UE of the first embodiment is configured such that a set 

of angles specifies the configuration. 
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CLAIMS 

What is claimed is: 

1. A method implemented by a network node (10) for signaling to a wireless 

communication device (14) which precoders tn a codebook are restricted from being used, the 

5 method characterized by: 

10 

2. 

generating (210) codebook. subset restriction, signaling that, for each of one or more 

groups of precoders, jointly restricts the precoders in the group by restricting a 

certa1n component that the precoders in the group have 1n common; and 

sending (220) the generated signaling from the network node (10) to the wireless 

communication device (14). 

A method Implemented by a wireless communication device ('14) for decoding signaling 

from a network node (10) indicating which precoders in a codebook are restricted from being 

used, the method characterized by: 

·15 receiving (400) codebook subset restriction signaling that, for each of one or more 

20 

groups of precoders, jointly restricts the precoders in the group by restricting a 

certain component that the precoders in the group have in common: and 

decoding (41 0) the received signaling as fointry restricting precoders in each of the one 

or more groups of precoders. 

3. The method of any of claims 1-2, wherein the codebook subset restriction signal1ng fs 

rank-agnostic signaling that jointly restricts the precoders in a group without regard to the 

precoders· transmission rank. 

25 4. The method of any of claims 1-3, wherein the certain component comprises a beam 

precoder. 

5. The method of any of c!a,ms i-4, wherein a precoder comprising one or more beam 

precoders is restricted if at least one of its one or more beam precoders is restricted. 

6. Tf1e method or any of claims 4-5, wherein a beam precoder is a Kronecker product of 

different beamforming vectors associated with different dimensions of a multi-dimensional 

antenna array. 

35 7, The method of claim 6, wherein the different beamforming vectors comprise Discrete 

Fourier Transforni (DFT) vectors. 
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8. T,he method of any of claims 4-7, wherein a beam precoder is a beamforming vector 

used to transmit on a particular layer of a multi-layer transmission. wherein different scaled 

versions of that beamforming vector are transmitted on different polarizations; 

5 9. The method of any of claims 4-7, wherein a beam precoder is a beamtorming vector 

10 

used to tl'ansmit on: 

10. 

multiple dlfferent layers of a multi-layer transmission; 

multiple different layers of a multi-layer transmission, wherein the layers are sent on 

orthogonal polarizatiohS; or 

a particular layer and on a particular polarization. 

The method of any of claims 1-9, wherein the codebook subset restriction slgnalfng 

comprises a bitmap, with different bits in the bitmap respectively dedicated to indicating whether 

or not different beam precoders are restricted from being used. 

11. The method of any of claims 1-9, wherein a beam precoder is a Kronecker product of 

first and second beamforming vectors with first and second indices, wherein the first and second 

beamforming vectors are associated with different dimensions of a muttr-dimensional antenna 

array, and wherein the codebook subset restriction signaling jointly restricts the precoders In a 

20 group of precoders that have the same pair of values for the first and second indices. 

12. The method of any of claims 1-3, wherein each precoder comprises one or more beam 

precoders, wherein each beam precoder comprises multiple different components 

corresponding to different dimensions of a multi-dimensional antenna array, and wherein said 

25 certain component comprises a component of a beam precoder. 

13. The method of any of claims 1-12, wherein the codebook subset restriction signaling 

jointly restricts the precoders in a group of precoders that transmit at least in part towards a 

certain angular pointing direction. by restricting a certain component which has that angular 

30 pointing direction. 

14. A method implemented by a network node (10) for signaling to a wireless 

communication device (14) which precodars in a codebook are restricted from being used, the 

method characterized by: 

35 for each of one or more groups of precoders in the codebook: 

identifying (110) one or more reference configurations for the group, wherein 

each reference configuration is one of different possible configurations 
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10 

15, 

that re.strict different subgroups of precoders in the group from being 

used; 

identifying (120), from the different possible configurations for the group, an 

actual configuration to be signaled for the group; and 

generating (130) signaling lo indicate the actual configuration for the group, by 

generating the signaling as a bit pattern whOse length depends on (i) 

Whether the actual configuration matches one of the one or more 

reference configurations and/or (ii) which reference configuration the 

actual configuration matches; and 

sending (160) the generated signaling to the wireless communicaUon device (14). 

A method Implemented by a wireless communication device (14) for decoding signaling 

from a network node (10) indicating which precoders in a codebook are restricted from being 

used, the method characterized by: 

·15 receiving (300) signaling from the network node (10). 

20 

25 

for each of one or more groups of precoders in the codebook: 

identifying (320) one or more reference configurations for the group. wherein 

each reference configuration is one of different possible configurations 

that restrict different subgroups of precoders in the group fro1n being 

used; 

Identifying (320) a bit pattern defined for signaling each reference configuration. 

and a length of that bit pattern: and 

detecting (330) an actual configuration signaled for the group, by detecting in the 

signaling a bit pattern whose length depends on (i) whether the actual 

configuration matches one of the one or more reference configurations 

and/or (ii) which reference configuration the actual configuration matches. 

The method of any of claims 14-15, wherein the signaling is a short bit pattern when the 

actual configuration matches any one of the one or more reference configurations and is a long 

30 bit pattern when the actual configuration does not match any of the one or more reference 

configurations, wherein a long bit pattern has more bits than a short bit pattern. 

17. The method of claim 16, w~1ere;n the one or more reference configurations for at least 

one of the one or more groups comprise a single reference configuration, and wherein different 

35 long bit patterns are respectively defined for signaling different configurations other than the 

single reference configuration. 
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18. The method of any of claims 16-17. wherein a Jong bit pattern defined for signaling the 

actual configuration for the group comprises: 

a non-reference bit pattern defined for signaling that the actual configuration does not 

match a reference configuration for the group; and 

5 a bitmap comprising diffe.rent bits respectively dedicated to indicating whether different 

precoders in the group are restricted from being used, 

19. The method of any of claims 14-15, wherein the one or more reference configurations for 

at least one oi the one or more groups comprise multiple reference configurations, and wherein, 

1 0 when the actual configuration matches a particular one of the multiple reference configurations, 

the signaling is -a bit pattern whose length is shorter than ttlat of a bit pattern generated when 

the actual configuration matches a different one of the multiple reference configurations. 

20. The method of any of claims 14-19, wherein the one or more reference configurations for 

·15 a group each have an actual or assumed hi.gher probability of being signaled than any other 

possible configuration that is not one of the one or more reference configurations. 

21. Tfle method of any of claims 14-19, wherein the method is performed for multiple 

different groups tnat respectively include different portions of the precode rs in the codebook, 

20 wherein the signaling lndicates the actual configurations for the groups in a defined order, 

wherein the one or more reference configurations for each group comprises a single reference 

configuration, and wherein the single reference configuration for any given group is. the actual 

configu,dtion. if any, signaled immediately before that of the given group. 

25 22. T~e method of any of claims 14-21, wherein the codebook is a Kronecker codebook 

defined for a multi-dimensional antenna array and comprises different precoders indexed by 

different possible values of a single index parameter. wherein the different possible values of 

the single index parameter are divided tnto different clusters of consecutively ordered vali1es, 

and Wherein precoders in different ones of the one or more groups are respectively indexed by 

30 the different clusters of consecutively ordered values. 

23. The method of any of claims 14-21, wtierein the codebook is a Kronecker codebook 

defined for a multi-dimensional antenna array and comprises different precoders indexed by 

different pairs of possible values for a first-dimension index parameter and a second-dimension 

35 index parameter. and wherein precoders in each of the one or more groups are indexed by pairs 

that have the same value for either the first-dimension index parameter or the second

dimension index parameter. 
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24. A network node (10,600) for signaling to a wireless communication device (14, 800) 

which precoders in a codebook are restricted from being used, the network node (10. 600) 

configured to: 

generate codebook subset restriction signaling that. for each of one or more groups of 

5 pr.ecoders, jointly restricts the precoders in the group by restricting a certain 

component that the precoders in the group have in common: and 

send the generated s1gnallng from tile network node (10, 600) to the wireless 

communication device {14, 800), 

10 25. The network node of claim 24, configured to perform the method of any of claims 3-13. 

26. A network node (10,600) for signaling to a wireless communication device (14,800) 

which precoders in a codebook are restricted from being used, the network node (1 o, 600) 

charactetized by: 

·15 a generating module (640) for generating codebook subset restriction signaling that. for 

20 

27 

each of one or more groups of precoders, jointly restricts the precoders in the 

group by restricting a certain component that the precoders in the group have in 

common; and 

a sending module (650) for sending the generated signaling from the network node (1 o, 
600) to the wireless communication device (14 1 800). 

A wireless communication device (14, 800) for decoding signaling from a network node 

(10, 600) indicating which precoders in a codebook are restricted from being used, the wireless 

communication device (14, 800) configured to: 

25 receive codebook subset restriction signaling that, for each of one or more groups of 

30 

precoders, jointly restricts the precoders in the group by restricting a certain 

component that the precodefs in the group have ln common; and 

decode the received signaling as join tty restricting precode rs in each of the one or more 

groups of precoders. 

28. The wireless communication device of claim 27, configured to perform the method of any 

of claims 3-13. 

29. A wireless communication device (14, 800) for decoding signaling from a network node 

35 (10, 600) indicating which precoders in a codebook are restricted from being used, the wireless 

communication device (14, 800) characterized by: 

a receiving module (840) for receiving codebook subset restriction signaling that, for 

each of one or more groups of precocters, jointly restricts the precoders in the 
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'1.5 

20 

group by restricting a certain component that the precociers in the group have in 

common; and 

a decoding module (850) for decoding the received signaling as jointly restricting 

precoders in each of the one or more groups of precoders. 

30. A network node (10, 500) for signaling to a wireless communication device whict1 

precoders in a codebook are restricted from being used, the net\.vork node (10, 500) configured 

lo: 

31. 

:32. 

for each of one or more groups of precoders in the codebook: 

Identify one or more reference configurations for the group. wherein each 

reference configuration ts one of different possible configurations that 

restrict different subgroups of preco(:lers in the group from being used; 

identify, from the different possible configurations for the group. an actual 

configuration to be signaled for the group; and 

generate sig.naling to indicate the actual configuration for the group, by 

generating the signaling as a bit pattern whose length depends on (i) 

whether the actual configuration matches one of the one or more 

reference configurations and/or (ii) which reference configuration the 

actual configuration matches; and 

send the generated signaling to the wireless communication device. 

The network node of claim 301 configured to perform the method of any of claims 16-23. 

A network node (10, 500) for signaling to a wireless communication device ("14. 700) 

25 which precoders in a codebook are restricted from being used, the network node (10, 500) 

characterized by: 

30 

35 

for each of one or more groups of precoders in the codebook. 

a reference configuration ldentifying module (540) for i'dentlfying one or more 

reference configurations for the group, wherein each reference 

configuration is one of differen1 possible configurations that restrict 

different subgroups of precoders tn the group from being used; 

an actual configuration identifying module (550) for identifying. from the different 

possible configurations for the group, an actual configuration to be 

signaled for the group; and 

a generating module (560} for generating signaling to indicate the actual 

configuration forthe group, by generating the signaling as a bit pattern 

whose length depends on (i) whether the actual configuration matches 
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5 

one of the one or more reference configurations and/or (ii) wt11ch 

reference ccmfiguration the actual configuration matches; and 

a sending module (570) for sending the generated signaling to the wiretess 

communication device (14, 700). 

33. Tile network node of claim :32, ~onfigured to perform the metnod of any of claims 16-23. 

34. A wireless communication device (14, 700) for decoding signaling from a network node 

(10, 500} indicating which precoders in a codebook are restricted frorn being used, the wireless 

1 0 communication device (14, 700) configured to: 

'1-5 

20 

25 

receive signaling from the network node (10, 500) 

for each of one or more groups of precoders in the codebook· 

identify one or more reference configurations for the group, wherein each 

reference configuration ts one of different possible configurations tha1 

restrict different subgroups of precoders in the group from being used; 

identify a bit pattern defined for signaling each reference configuration, and a 

length of that blt pattern; and 

detect an actual configuration signaled tor the group, by detecting in the signaling 

a bit pattern whose lengttl depends on (i) whether the actual configuration 

matches one of the one or more reference configurations and/or (ii) which 

reference configuration the a.ctual configuration matches. 

35. The wireless communication device of claim 34, configured to perform the mett1od of any 

of claims 16-23. 

:36. A wireless communication device (14. 700) for decoding signaling from a network node 

(10, 500) indicating which precoders in a codebook are restricted from being used, the wireless 

communication device characterized by: 

a receiving module (740) for receiving signafing from the network node (10, 500). 

:30 for each of one or more groups of precoders in ihe codebook: 

35 

an Identifying module (750) for identifying one or more reference configurations 

for the group, wherein each reference configuration is one of different 

possible configurations that restrict different subgroups of precoders in 

the group from being used; and for identifying a bit pattern defined for 

signaling each reference configuration. and a length of that bit pattern; 

and 

a detecting module (760) for detecting an actual configuration signaled for the 

group, by detecting in the signaling a bit pa1tern whose length depends on 
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(i) whether the actual configuration matches one of the one or more 

reference configurations and/or (H) Which reference configuration the 

actual configuration matches. 

5 37 .. A computer program comprising instructions Which, when executed by at least one 

processor of a node ( 10. 14). causes the node ( 10, 14) to carry out the method of any of 

embodlments 1-23. 

38. A earner containing the computer program of embodiment 37, wherein the carrier is one 

1 0 of an electronic signal, optical signal, radio signal, or computer readable storage medium. 
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ABSTRACT 

A network node (10} signals to a wireless communication device (14) which precoders In 

a codebook are restricted from being used. The network node (10) in this regard generates 

codebook subset restriction signaling that, for each of one or more groups of precoders. jointly 

5 restricts the precoders in the group by restricting a certain component (e.g., a certain bean-, 

precoder) that the precoders in the group have in common. This signaling may be for instance 

rank-agnostic signaling that joihtly restricts the precoders in a group without regard to the 

precoders' transmission rank Regardless, the network node (10) sends the generated signaling 

to the wireless communication device (14). 
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1-38. (Cancelled) 

Attorney Docket No.40 i 5-9595 
Client Reference No.P45698-US2 

AMENDMENTS TO THE CLAIMS 

39. (New) A method implemented by a network node for signaling to a wireless 

communication device which precoders in a codebook are restrlcted from being used, the 

method characterized by: 

generating codebook subset restriction signaling that, for each of one or more groups of 

precoders, jointly restricts the precoders in the grotJp by restricting a certain 

component that the precoders in the group have in common; and 

sending the generated signaling from the network node to the Wireless communication 

device. 

40. (New) The method of claim 39, wherein the codebook subset restriction signaling is 

rank-agnostic signaling that jointly restricts the precoders in a group without regard to 1he 

precoders' transmission rank. 

41. (New) The method of claim 39, wherein a precoder comprising one or more beam 

precoders is restricted if at least one of its one or more beam precoders is restricted. 

42. (New) The method of claim 39, wherein the certain component comprises a beam 

precoder. 

43. (New) The method of claim 42, wherein a beam precoder is a Kronecker product of 

different beamforming vectors associated with different dimensions of a multi-dimensional 

antenna array. 
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Attorney Docket No.4015-9595 
Client Reference No.P45698-US2 

44. (New) The method of claim 43, wherein the different beamforming vectors comprise 

Discrete Fourier Transform (DFD vectors. 

45. (New) The method of claim 42, wherein a beam precoder is a beamforming vector used 

to transmit on a particular layer of a multi-layer transmission, wherein different scaled versions 

of that bearnforn,ing vector are transmitted on different polarizations; 

46. (NeW) The method of claim 39, wherein a beam precoder is a Kronecker product of first 

and second beamforming vectors with first and second indices, wherein the first and second 

beamforming vectors are associated with different dimensions of a multi-dimensional antenna 

array, and wherein the codebook subset restriction signaling jointly restricts the precoders in a 

group of precoders that have the same pair of values for the first and second indices. 

47. (New) A method implemented by a wireless communication device for decoding 

signaling from a network node indicating which precoders in a codebook are restricted from 

being used, the method characterized by: 

receiving codebook subset restriction signaling that, for each of one or more groups of 

precoders, jointly restricts the precoders in the group by restricting a certain 

component that the precoders in the group have in common; and 

decoding the received signaling as jointly restricting precoders in each of the one or 

more groups of precoders. 

48. (New) The method of claim 47, wherein the codebook subset restriction signaling is 

rank-agnostic signaling that jointly restricts the precoders in a group without regard to the 

preooders' transmission rank. 
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Client Reference No.P45698-US2 

49. (New) The method of claim 47, wherein a precode!' comprising one or more beam 

precoders is restricted if at least one of its one or more beam precoders is resUicted. 

50. (New) The method of claim 47, Wherein the certain component comprises a beam 

precoder. 

51. (NeW) The method of claim 50, wherein a beam precoder is a Kronecker product of 

different beamforming vectors associated with different dimensions of a multi-dimensional 

antenna array. 

52. (New) The method of claim 51, wherein the different beamforming vectors comprise 

Discrete Fourier Transform (OFT) vectors. 

53. (New) The method of claim 50, wherein a beam precoaer is a beamforming vector used 

to transmit on a particular layer of a multi-layer transmission, wherein different scaled versions 

of that beamforming vector are transmitted on different polarizations; 

54. (New) The method of claim 47, wherein a beam precoder is a Kronecker product of first 

and second beamforming vectors with first and second indices, wherein the first and second 

beamforming vectors are associated with different dimensions of a multi-dimensional antenna 

array, and wherein the codebook subset restriction signaling jointly restricts the precoders in a 

group of precoders that have the same pair of values for th.e first and second indices. 

55. (New) A network node for signaling lo a wireless communication device which precoders 

in a codebook are restricted from being used, the network node comprising: 
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Attorney Docket No.4015-9595 
Client Reference No.P45698-US2 

a processor and a memory, the memory containing instructions executable by the 

processor whereby the network node is configured to: 

generate codebook subset restriction signaling that, jor eactJ of one or more 

groups of precoders, jointly restricts the precoders ,in the group by 

restricting a certain component that the precoders in the group have 1n 

common; and 

send the generated signaling from the network node to the wireless 

communication device. 

56. (New) The network node of claim 55, wherein the codebook subset restriction signaling 

is rank-agnostic signaling that jointly restricts the precoders in a group without regard to the 

precoders' transmission rank. 

57. (New) The network node of claim 55, wherein a precoder comprising one or more beam 

precoders is restricted if at least one of its one or more beam precoders is restricted, 

58. (New) The network node of claim 55, wherein the certain component comprises a beam 

precoder. 

59. (New) The network node of claim 58, wherein a beam precoder is a Kronecker product 

of different beamforming vectors associated with different dimensions of a multi-dimensional 

antenna array. 

60. (New) The network node of claim 59, wherein the different bearnforming vectors 

comprise Discrete Fourier Transform (OFT) vectors. 
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Attorney Docket No.4015-9595 
Client Reference No.P45698-US2 

61. (New) The network node of claim 58, wherein a beam precoder is a beamforming vector 

used to transmit on a particular layer of a multi-la,yer transmission, wherein different scaled 

versions of that beamforming vector are transmitted on diffBrerit polarizations; 

62. (New') The network node of claim 55, wherein a beam precoder is a Kronecker product 

of fi(st and Mcond beamforming vectors with first and second it,aices, wherein the f1rst ana 

second beamforming vectors are associated with different dimensions of a multi-dimensional 

antenna array, and wherein the codebook subset restriction signaling jointly restricts the 

precoders in a group of precoders that have the same pair of values for the first and second 

indices. 

63. (New) A wireless communication device for decoding signaling from a network node 

indicating Which precoders in a codebook are restricted from being used, the wireless 

communication device comprising: 

a processor and a memory, the memory containing instructions executable by the 

processor whereby the wireless communication device is configured to: 

receive codebook subset restriction signaling that, for each of one or more 

groups of precoders, jointly restricts the precoders in the group by 

restricting a certain component that the precoders in the group have in 

common; and 

decode the received signaling as jointly restricting precoders in each of the one 

or more groups of precoders. 

64. (New) The wireless communication device of claim 63, wherein the codebook subset 

restriction signaling is rank-agnostic signaling that jointly restricts the precoders in a group 

without regard to the precoders' transmission rank. 
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65. (New) The wireless communication device of claim 63, wherein a precoder comprising 

one or more bearn pr.ecoders is restricted if at least one of its 0110 or more beam precoders is 

restricted. 

66. (New) The wireless commur11cat1on device of claim 63, wnere1n the certain component 

comprises a beam precoder. 

67. (New) The wireless communication device of claim 66, wherein a beam precoder is a 

Kronecker product of different beamforming vectors associated with different dimensions of a 

multi-dimensional antenna array. 

68. (New) The wireless communication device of claim 67, wherein the different 

beamforming vectors comprise Discrete Fourier Transform (DFT) vectors. 

69. (New) The wireless communication device of claim 66, wherein a beam precoder is a 

beamforming vector used to transmit on a particular layer of a multi-layer transmission, wherein 

different scaled versions of that beamforming vector are transmit1ed on different polarizations; 

70. (New) The wireless communication device of claim 63, wherein a beam precoder is a 

Kronecker product of first and second beamforming vectors with first and second indices, 

wherein the first and second beamforming vectors are associated with different dimensions of a 

multi-dimensional antenna array, and wherein the codebook subset restriction signaling jointly 

restricts the precoders in a group of precoders that have the same pair of values for the first and 

second indices. 
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