Application No. Applicant(s)

. - . 16/099,390 DEENOO et al.
Exarniner-Initiated Interview Summary ’ o8
Examiner Art Unit AlA (FITF) Status
David M OVEISSI 2415 Yes

All participants (applicant, applicant’s representative, PTO personnel):

(1) David M. OVEISSI. (3) :

(2) David j Edmondson. (4)

Date of Interview: 07 October 2020.

Type: Telephonic  (J Video Conference
O Personal [copy given to: (J applicant (J applicant's representative]

Exhibit shown or demonstration conducted: U Yes 0J No.
If Yes, brief description:

Issues Discussed [(J101 O112 0102 0103 U Others

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed:
Identification of prior art discussed:

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference

or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

See Continuation Sheet.

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general
thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the general results or
outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

O Attachment

/IMANSOUR OVEISSI/
Primary Examiner, Art Unit 2415

U.S. Patent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20201007
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Continuation Sheet (PTOL-413B) Application No. 16/099,390

Continuation of Substance of Interview including description of the general nature of what was agreed
to if an agreement was reached, or any other comments: The newly amended limitation “...wherein
the one or more communication parameters include a frequency band of the transmission or a quality
of a downlink signal...”, raise new issues that would require further consideration and search.
Examiner has found the reference Deng et al. (US 2019/0104549 A1), that examiner believes reads
on the newly amended limitation (see paragraph [0138]).

[0138] When an mMWTRU camps on an SCmB, it may subsequently receive a system information
broadcast (SIB) specific to the mmW downlink beam configuration parameters that may include but
are not limited to the following: mmW sector identity, the number of downlink transmit narrow beams
per sector, BSRS frequency allocation, BSRS sequence configuration, BSRS periodicity, common
PDDCCH transport format, common PDDCCH frequency allocation, common PDCCCH periodicity,
and the like.
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Application No. Applicant(s)

16/099,390 _
AFCP 2.0 DEENQO et al

DeCiSiOH Examiner Art Unit AlA (FITF) Status

David M OVEISSI 2415 Yes

This is in response to the After Final Consideration Pilot request filed 28 September 2020.

1. Improper Request — The AFCP 2.0 request is improper for the following reason(s) and the after final amendment submitted with
the request will be weated under pre-pilot procedure.
(J An AFCP 2.0 request form PTO/SB/434 (or equivalent document) was not submitted.
(J A non-broadening amendment to at least one independent claim was not submitted.

(J The request is not the first proper AFCP 2.0 request submitted in response to the most recent final
rejection.

U Other:
2. Proper Request

A. After final amendment submitted with the request will not be treated under AFCP 2.0.
The after final amendment cannot be reviewed and a search conducted within the guidelines of the pilot program.

(J The after final amendment will be weated under pre-pilot procedure.

B. Updated search and/or completed additional consideration.
The examiner performed an updated search and/or completed additional consideration of the after final amendment
within the time authorized for the pilot program. The result(s) of the updated search and/or completed additional
consideration are:

U 1. All of the rejections in the most recent final Office action are overcome and a Notice of Allowance is
issued herewith.

(J 2. The after final amendment would not overcome all of the rejections in the most recent final Office action
. See attached interview summary for further details.

3. The after final amendment was reviewed, and it raises a new issue(s). See attached interview summary
for further details.

(J 4. The after final amendment raises new issues, but would overcome all of the rejections in the most recent
final Office action. A decision on determining allowability could not be made within the guidelines of the
pilot. See attached interview summary for further details, including any newly discovered prior art.

(Js. Other:

Examiner Note: Please attach an interview summary when necessary as described above.

U.S.Patent and Trademark Office
PTOL-2323 (Rev. 10-14) AFCP 2.0 Decision Part of Paper No. 20201007
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DC NOT ENTER: /M.0/
10/07%/2020

DOCKET NO: 11574US05

IN THE UNITED STATES PATENT & TRADEMARK OFFICE

IN RE APPLICATION OF

YUGESWAR DEENOO : EXAMINER: OVEISSI, MANSOUR
SERIAL NO: 16/099,390

FILED: NOVEMBER 6, 2018 : GROUP ART UNIT: 2415

FOR: DISTRIBUTED CONTROL IN
WIRELESS SYSTEMS

AMENDMENT UNDER 37 C.FR. § 1.116

COMMISSIONER FOR PATENTS
ALEXANDRIA, VIRGINIA 22313

Commissioner:

In response to the Office Action dated August 14, 2020, and pursuant to the AFCP 2.0
request filed herewith, the following is submitted in connection with the above-identified
application.

Amendments ¢o the claims begin on page 2 of this paper.

Remarks/arguments begin on page 13 of this paper.
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PTO/SB/R0 {11173

Approved for use thrcugh 11/30/2020. OMB 0651-0031

U.S. Patent and Trademark Oftice; U.5. DEPFARTMENT OF COMMERCE
s g valid OME cenlrol number.

Re? uest Application Number 16/U99,390
or D
. . . Filina Date 06 Nov 2018
Continued Examination (RCE) 4 B e—
Transmitial First Named Invenior Yugeswar DEENOO
Address to: Art Unit 2415 Confirmation No. 4717

Mail Stop RCE
GVEISSE, MANIOUR

Commissioner for Patents Exami
xaminer Name
P.O. Box 1458
N\ Alexandria, VA 22313-1450 Attorney Docket Number | | 1574US03 S

This is a Request for Continued Examination (RCE} under 37 CFR 1.114 of the above~dentified application.
Reguest for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to dune 8,
1995, or {o anv design application. See instruction Sheet for RCEs (not to be submitted te the USPTC) on page 2

1. [Submission required under 37 CFR 1.114] Note: If the RCE is proper, any previousiy filed unentered amendments and
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. [f
applicant does not wish to have any previously filed unentered amendment(s; entered, applicant must request non-entry of such
amendiment(s).

a Previously submitted. If a final Office action is outstanding, any amendments fited after the finat Office action may be
' considered as a submission even if this box is not checked.

i D Consider the arguments in the Appeal Brief or Reply Brief previously filed on

1] I:l Other
b. I:l Enclosed

i I:l Amendment/Feply iii. D information Disclosure Statement (IDS)

D Affidavit(s)/ Declaration{s) iv. D Other

2. | Miscellanenus

Suspension of action on the above-identified application is requested under 27 CFR 1.103(c} for a
period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17()) required;
Other

H

o

w
o
- - mElog

Thie RCE fee under 37 CFR 1.17(e} is required by 37 CFR 1.114 when the RCE is filed.
The Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any overpayments, to
Deposit Account No. G0O23235

I:l RCE fee required under 37 CFR 1.17{e)
I:l Extension of time fee (37 GFR 1.136 and 1.17)

iii. l:l Other

B. D Check in the amount of § enciosed

. D Payment by credit card (Form PTO-2038 enciosed) d. Payment by EFS-Web

WARNING: information on this form may become public. Credit card information should not be incliuded on this form. Provide credit
card information and authorization on PTO-2038.

4 SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 3
Signature /david } edmondson/ Date 2020-11-24
9 Name {(PrintfTvpe) | Tyavid 1. Bdmondson Registration No. 135 124 )

CERTIFICATE OF MAILING QR TRANSMISSION

I hereby ceriify that this correspondencs is being EFS-Web {ransmitied o the United States Patent and Trademark Office (USPTO), deposited with the United
States Postal Service with sufficient pesiage as first class mail in an envelope addressed to: Mail Stop RCE, Commissioner for Patents, P O. Box 1450,
Alexandria, VA 22313-1450 or facsimile transmilled Lo the USPTO on the date shown below.
Signature
Mame (Print/ Type) § Date §
This collection of information is required by 37 CFR 1.114. The informalion is required fo obfain or retain a henefit by the public which is {o file (and by the USPTO
to process) an application. Confidentiality is govemed by 35 U.S.(C. 122 and 37 CFR 1.11 and 1.14. This cellection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upen the indivdual case. Any comments on
the amouni of time you require to compiete this form andior suggestions for reducing this burden, should be sent {o the Chief Infermation Officer, U.S. Patent and
Trademark Office, U.S. Department ot Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT 3E ND FEES OR COMPLETEDR FORMS TO  THIS
ADDRESS. SEND TO: Mail Stop RCE, Commissioner for Patents, P.0. Box 1450, Alexandria, YA 223131450,

if you need assistance in compieting the form, calf 1-800-PT0O-3198 and select option 2.
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Electronic Patent Application Fee Transmittal

Application Number: 16099390

Filing Date: 06-Nov-2018

Title of Invention: DISTRIBUTED CONTROL IN WIRELESS SYSTEMS
First Named Inventor/Applicant Name: Yugeswar DEENOO

Filer: Zachary S. Stern/Kelly Elam

Attorney Docket Number: 11574US05

Filed as Large Entity

Filing Fees for U.S. National Stage under 35 USC 371

Sub-Total in

Description Fee Code Quantity Amount USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

IPR2022-00468
Apple EX1016 Page 614



Description Fee Code Quantity Amount Sul:j;l’;(t:)l in
Extension - 1 month with $0 paid 1251 1 220 220
Miscellaneous:
RCE- 1ST REQUEST 1801 1 1360 1360
Total in USD ($) 1580
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Electronic Acknowledgement Receipt

EFS ID: 41220243
Application Number: 16099390
International Application Number:
Confirmation Number: 4717
Title of Invention: DISTRIBUTED CONTROL IN WIRELESS SYSTEMS
First Named Inventor/Applicant Name: Yugeswar DEENOO
Customer Number: 154930
Filer: Zachary S. Stern/Kelly Elam
Filer Authorized By: Zachary S. Stern
Attorney Docket Number: 11574US05
Receipt Date: 24-NOV-2020
Filing Date: 06-NOV-2018
Time Stamp: 19:57:26
Application Type: U.S. National Stage under 35 USC 371
Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1580
RAM confirmation Number E2020ANJ57424582
Deposit Account 602325
Authorized User Kelly Elam

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.21 (Miscellaneous fees and charges)

|IPR2022-0046
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File Listing:

Document A . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
265370
1 11574U SOS_R(;jEf—EOT_sig ned. yes 2
p 792bd290296191f574caf13051285909484
7a463
Multipart Description/PDF files in .zip description
Document Description Start End
Extension of Time 2 2
Request for Continued Examination (RCE) 1 1
Warnings:
Information:
32678
2 Fee Worksheet (SB06) fee-info.pdf no 2
ce77c¢3bc30273820a4b2bc1a2c9749780b4|
30338
Warnings:
Information:
Total Files Size (in bytes); 298048

This Acknowledgement Receipt evidencesreceipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new applicationis being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIAR22 {(10-20)

Approved for use through 11/30/2020. SMB 0651-C031

L3, Patent and Trademark Office; U3, DEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond {0 g collection of information unless it displavs a valid OMB control number.

Dacket Number (Qptional)

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.1368(a) | 11574US05

Application Number Fited

16/099,380 06 Nov 2018

“"DISTRIBUTED CONTROL IN WIRELESS SYSTEMS

Art Unit Examiner

2415 OVEISS!, MANSOUR

This is a reguest under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply i the above-identified application.

The requested extension and fee are as foliows {check time period desired and enter the appropriate fee below):

Eee Smalf Enfity Fee Micro Enfity Fee
Cine month (37 CFR 1.17(a) (1)) $22¢ $110 $55 $ 220.00
m Two months (37 CFR 1.17(a}2)) 5640 $320 3160 $
m Three monihs (37 CFR 1.17(a}3)} $1.480 §740 $370 $
m Four months {37 CFR 1.17{a}{4)} 52,320 $1.160 $580 3
m Five months (37 CFR 1.17(3)(5)) $3,1680 $1.580 5780 s

r Appiicant asserts small entity status. See 37 CFR 1.27.

1 Aplicant certifies micro entity status. See 37 CFR 1.29.
! Form PTOSB! 154 or B or equivalent must either be enclosed or have been submitted previously.

A check in the amount of the fee is enclosed.

|: Payment by credit card. Form PTO-2038 is attached.

I: The Director has already been authorized to charge fees in this application {0 a Deposit Account.

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 502325

Payment made via EFS-Web.

WARNING: information on this form may become public. Credit card information should not be included on this form. Provide
credit card information and autherization on PTO-2038.

b am the

..... 2049260
iv{ attorney or agent of record. Registration number ‘5‘3’1 26

/david | edmondson/ 2020-11-24
Signature Date
David .J. Edmondson 571-376-6333
Typed or printed name Tetephone Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and ceitifications. Submil
muitiple forms if more than one signature is required. see below™.

« ! * Total of forms are submitied.

This coifection of information is required by 37 CFR 1.138(8). The information is required to obtain or retain a benefit by the public, which is to file {and by the
USPTO o process) an appiication. Confideniiality is governed by 35 U.8.C. 122 3nd 37 CFR 1.11 and 1.14. This collection is estimated to take 8 minutes to
complete, including gathering, preparing, and submilting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to compilete this form and/or suggestions for reducing this burden shouid be sent to the Chief Information Officer,
LS. Patent and Trademark Gifice, U.S. Repartment ¢f Commerce, F.G. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORME
TO THIS ADDRESS. SEND TQ: Mail Stop PCT, Commissioner for Patents, P.C. Box 1450, Alexandria, VA 22313-1450.
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Under the Paperwork Reduction Act of 1995, no persons are reg

PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
ired to respond to a collection of information unless it displays a valid OMB control number.

Application or Docket Number Filing Date
PATENT APPLICgIgg:\:t:gFFgrE'LEgls\gsNATION RECORD 16/099.300 111062018 ()70 be Mailed
ENTITY: LARGE (JswmaALL (J micro

APPLICATION AS FILED - PART

() Application Size Fee (37 CFR 1.16(s))

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] BAsIC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
(J SEARCH FEE N/A N/A N/A
(37 CFR 1.16(k), (i), or (m))
B EXAMINATION FEE
(37 CFR1.16(0), (p), 01 (q)) N/A N/A N/A
TOTAL CLAIMS . .
(37 GFR 1.16(i)) minus 20 = x $100 -
INDEPENDENT CLAIMS . *
(37 GFR 1.16(n) minus 3 = x $460 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Dgi;u?':‘glo)'\; SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
(JJ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
" If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3}
CLAIMS HIGHEST
=l 1 124/2020 ;{E#AEA;{N'NG gggﬁéﬁsw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x - -
E (37 OFR 1.1660) 40 Minus 40 =0 x $100 = 0
Z | Independent B : xn — —
g (37 CF% 1.16(n) 4 Minus 4 =0 x $480 - 0
< | U Application Size Fee (37 CFR 1.16(s))
[:] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REXAF/-}I_IEIL{NG PRNELill\IAOBLIJEgLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
LU | Total W ; *x = -
= | @7cFr1160) Minus B X $ 0 -
2 [ independent . - s - _
E (37 CF% 1.16(h) Minus = x $0 =
=2
<

(J FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR

1.16(j)

TOTAL ADD'L FEE

* |f the entry in column 1 is less than the entry in column 2, write "0" in column 3.

LIE

** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

/PEARLIE A FENNELL/

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

/f you need assistance in completing the form, call 1-800LT0O-9199 and select option 2.

IPR2022-00468
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Doc code: IDS PTO/SB/08a (02-18)

L . . . Approved for use through 11/30/2020. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

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

Application Number \|16099390
Filing Date ‘P018—11—06

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor |Jvugeswar DEENOO
Art Unit | 2415
Examiner Name OVEISSI, MANSOUR
Attorney Docket Number 11574US05

U.S.PATENTS | Remove |
. . . . Pages,Columns,Lines where
E).(:.am*lner Cite Patent Number Kind Issue Date Name of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document .
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. | Add |
U.S.PATENT APPLICATION PUBLICATIONS | Remove |
Examiner| .. Publication Kind |Publication Name of Patentee or Applicant Pages,Columns Lines where
. Cite No : Relevant Passages or Relevant
Initial Number Code'| Date of cited Document .
Figures Appear
1 20150208443 A1 P015-07-23 Jung et al.

If you wish to add additional U.S. Published Application citation information please click the Add button.| Add |

FOREIGN PATENT DOCUMENTS |Rem_ove|
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Aoplicant of cited where Relevant s
Initial* No |Number3 Code?| Code4| Date PP Passages or Relevant
Document )
Figures Appear
lNTERDIGITAL PATENT
1 P013/086164 Wwo A1 2013-06-13 LHOLDINGS, INC.
TELEFONAKTIEBOLAG
2 PI87276 FP A1 2016-02-24 ET LM ERICSSON
PUBL)
English Translation
3 P419213 RU C2 2011-05-20 QUALCOMM INC X
attached
EFS Web 21.18 IPR2022-00468
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Application Number

16099390

Filing Date

2018-11-06

INFORMATION DISCLOSURE

First Named Inventor | Yugeswar DEENOO

STATEMENT BY APPLICANT

L. Art Unit 2415
( Not for submission under 37 CFR 1.99)
Examiner Name OVEISSI, MANSOUR
Attorney Docket Number 11574US05
4 |passsrs RU c2  [20120327 |BAJBIMINK English Translation <
attached
English Translation
5 254682 RU C1 2005-06-20 AIRGAIN, INC. attached X
If you wish to add additional Foreign Patent Document citation information please click the Add button [ Add [
NON-PATENT LITERATURE DOCUMENTS |Remove|
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite o . : )
e (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No . - .
publisher, city and/or country where published.
1 Dffice Action issued on August 13, 2020, in corresponding Russian patent Application No. 1811537, 15 pages. X

If you wish to add additional non-patent literature document citation information please click the Add button | Add |

EXAMINER SIGNATURE

Examiner Signature

Date Considered [

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a

citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if

English language translation is attached.

EFS Web 2.1.18

Apple EX1016 Page 621
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Application Number 16099390

Filing Date 2018-11-06

INFORMATION DISCLOSURE

First Named Inventor | Yugeswar DEENOO

STATEMENT BY APPLICANT

. Art Unit 2415
( Not for submission under 37 CFR 1.99)

Examiner Name OVEISSI, MANSOUR

Attorney Docket Number 11574US05

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /david j edmondson/ Date (YYYY-MM-DD) 2020-11-25

Name/Print David J. Edmondson Registration Number 35,126

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.18 IPR2022'00468
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given 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 submission, 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 Information 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 the Freedom of Information Act requires disclosure of these record s.

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.

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.

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).

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.

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)).

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.

A record from this system of records may be disclosed, as a routine use, to the public after either publication 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 which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

IPR2022-00468

EFS Web 2.1.18

Apple EX1016 Page 623




{12} INTERNATIONAL APPLICATION PUBLISHED UNDBER THE PATENT COOPERATIORN TREATY (FCT)

{1%) World Intellectual Property Ny P . - -
Or;{‘mimtion ,.o?’) : [ |§
International Rureau ::ﬁ /,

ﬁ (i) International Publication Number
= WO 2013/086164 Al

{43y International Publication Date
B3 Jume 2813 (£3.86.2813) WiIiRrQ I PCT

(51) Internatienal Patent Classification: Humtington Station, New York 11746 {US). PRAGADA,
FIEAWY 48776 (2009.01) HO4W 36/80 (2009.01) Ravikemar, V., 309 Johmson Roead, Collegevilie,
F04W 48752 (2009.01) AW 35/14 (2009.01) Pepnsylvania 19426 (U8} CHARLTON, Gregg, A, 14

. Wymnewood Drive, Collegevilie, Pemnsylvauia 19426
(21) Iasternatienal Application Number: ,%}\X vood - Brive, - Collegevilie, - Pemnsylvanis
PCT/USZ012/668206 e
{74y Agent: MUCMICHARL, Weskey, 1., Voipe and Koenig,
o P.C, 30 8. 17th Sireed, Philadelphia, Pennsylvanis 19103

6 Decermber 2012 (06.12.2012) s, w weiptia, Femnsylvatla 3318

{22) Interpational Filing Date:

(283 Filing Language: English

{81) Designated States (unloss otherwise indicated, for cvery

{26} Fublication Language: English kind of national prowection available) AR, AG, AL, AM,
o AO, AT, AU, AZ, BA, BB, BG. BH, BN, BR, BW, BY,
(35 Friocity Bata: o . RZ, CA, CH, CL, CN, CO, CR, CU, CZ, BE, DK, DM,
61/568.639 8 December 2011 {08.12.201 1) USs DO, DZ, BC, FE, EG, ES, FI, GR, GD, GE, GH, GM, GT,
(71} Applicant: INIERDIGITAL PATENT HOLDINGS, FIN, HIR, HAL WD, JE, IN, 18, 1P, KE, £G, KM, KN, KP,
INC. [US/USE 200 Bellevue Parkway, Suite 360, Wilin- KR, KZ, LA, LG, LK, LR, L3, LT, LU, LY, MA, MD.
ingion, Pelaware 19809 (US). ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL
’ NG, NZ, OM, PA, PE, PG, I'H, 'L, PT, QA, RO, RS, RU.
{72} foveators: WANG, Carl; 25 Overhill Read, Melviile, RW, 8C, 81, SE, bG, 8K, SL, 8M, ST, 8V, SY, TH, TI
New York 11747 (US). LI, Yingxue, K.; 45 Granville ™, TN, TR, TT, TZ, UA, UG, US, UZ, YV, VN,
Way, Exion, Penusylvania 19341 (US). SAHIN, Onur; M, ZW .
— G682 President Btreet, Apartment 4, Brooklyn, New York
o 11215 (US). PIRTRASKS, Philip, J.; 7 Taiboi Place,
% [Centinued on next page]

B (54 Title: METHOD AND APPARATUS FOR A MILLAMETER WAVE COMMUMNCATION SYSTEM

300 {87y Abstract: Methods and apparatus for establishment of a milli-meter

Wave {uunW) link conununication wclude initial selection of candidate
¥ wmW Base stafions (mBs) and configuration of wumW acquisifion resources
DECIDES TO ENABLE manW § 30s aud procedures, both with the assistance of the cellular network. Fuvther
R 4 v ods transmit mmW acquisition beacons, process W wcquisii;ou
beacons 1o zu;hieve mm‘N hezm\ d] gm}uh and thng synclronization, and

mrnW RESOURCE MA!

5 mUi LOCATION

I i T o 310 nlks. In an cxample, a muW
CLLULAR LNK

et irele : s mitlimeter wave (mmW)

W TRL Hnum/ V TRU) 1rfef\ummn over a celiul jstem 10 a base station,

BASED N mUE | 535 receives a candidate list of candidate mmW base stal R} including

¥ SERVICE DATA - i

; wmmW acquisition siart timing information and caleu rrelaiion values

¥ aronud the received mmW a(‘q gisition statt timing Wwfommation for the mBs

FIGURITS /Ut mmW RESEURC

320 in the candidate list. The vumw WTRU perforws shiding window corrcla-
AND NOTHY rnBe AND mUEs I ~ “

tions using signature seguences corresponding to mBs and beams in the can-
didate list.

P BEAM, TIMING ARD FREQUENCY
esooces SINCHRONIZATION
""""" LULAR UL RESOURCE QR roun¥
0 OY meNk

FIG. 3

WO 2013/086164 A1 |

IPR2022-00468
Apple EX1016 Page 624



WO 2013/086164 A1 [T RRTIER IR 100N MR AT QRGt TR0

(84) Wresignated Srates funless ntherwise indicated, for every SM, TR). OAFL (B, BI, CF, CG, CL CM, QAL GN, ({3,
hind of vegional protection avaitable ) ARIPO (BW, GH, GW, ML, MR, NE, SN, TE3, TG},
GM. KFE, LR, LS, MW, MZ, NA, RW, SI}, SL. S7, T7, .
UG, ZM, ZW), Enrasian (AM, AZ, BY, KG, Kz, RU, Ty, Dedlished
TM), Eurepean (AL, AT, BE, BG, CH, CY, CZ, DE, DK, —  with international search veport (Art. 21(3))
EE, ES, Fi, FR, GB, GR, HR, HU, IE, IS, 1T, LT, LU,
LY, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK,

IPR2022-00468
Apple EX1016 Page 625



WO 2013/086164 PCT/US2012/068206
1

METHOD AND APPARATUS FORA
MILLIMETER WAVE COMMUNICATION SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.3. provisional application
No. 61/568,639, filed December 8, 2011, the contents of which is hereby

incorporated by reference herein.

BACKGROUND
[0002] The third generation partnership program (3GPP) introduced
long term evolution (LTE) to increase cellular network bandwidth for
anticipated mobile data demand. However, the projected mobile data demand
growth may output the capacity of even LTE-Advanced {L.TE-A). The delivery
of high speed mobile data may be implemented using millimeter wave (mmW).
For example, further generations of high speed mobile data may be delivered

using 60 GHz mmW,

SUMMARY
[0003] Described herein are methods and systems for a millimeter wave
(mmW) communication system. The methods include initial selection of
candidate mmW Base stations {mBsg) and configuration of mmW acquisition
resources and procedures, both with the assistance of the cellular network.
Further methods transmit mmW acguisition beacons, process ramW
acquisition beacons to achieve mmW beam alignment and timing
synchronization, and uplink (UL) reporting via cellular or mmW links. In an
example, a mmW wireless transmit/receive unit {(WTRU) transmits millimeter
wave (mmW) WTRU {(mmW WITRU) information over a cellular system to a
base station, receives a candidate list of candidate mmW base stations (mB)
including mmW acquisition start timing information and calculates
correlation vailues around the received mmW acguisition start timing

(E‘

information for the mBs in the candidate list. The mmw WTRU performs

sliding window correlations using signature sequences correspending to mBs
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and beams in the candidate list.

BRIEF DESCRIPTION OF THE DRAWINGS
10604] A more detailed understanding may be had from the following
description, given by way of example in conjunction with the accompanying
drawings wherein:
{00605] FIG, 1A is a system diagram of an example communications

system in which one or more disclosed embodiments may be implemented;

0008) FIG, 1B 1s a system diagram of an example wireless
transmut/receive umit (WTRU) that may be used within the commumications

system illustrated in FIG. 1A;
[0007] FIG. 1C 15 a system diagram of an example radio access network
and an example core network that may be used within the commumnications

systern lustrated in FIG. 14;

{0008] FIG. 2 is an example integrated millimeter wave {(mmW) + long
term evolution (LTE) (immW+LTE) system;

06039) FIG. 3 is an example mmW acquisition process flow:

10610] FIG. 4A and 48 show an example mmW acguisition message flow
sequence;

{0011} FIG. 5 1s an example initial mmW acguisition procedure starting
time configuration;

10012] FI{(:. 6 15 an example of beacon transmission schemes;

10013] FIG. 718 an example of an mmW base station/beam detection and

time synchronization block for single stage modulation; and
{0014) FIG. 8 i1s an esample of an mB/beam detection and time

synchronization biock for separately modulated beacons.
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DETAILED DESCRIPTION

10015] FIG. 1A 1s a diagram of an example communications system 100
i which one or more disclosed embodiments may be implemented. The
communications system 100 may be a multiple access system that provides
content, such as voice, data, video, messaging, broadcast, etc., to multiple
wireless users. The communications system 100 may enable multiple wireless
users to access such content through the sharing of system resources,
including wireless bandwidth. For example, the communications systems 100
may employ one or more channel access methods, such as code division
multiple access (CDMA), time division multiple access (TDMA), frequency
division multiple access (FDMA), orthogonal FDMA (OFDMA), single-carrier
FDMA (SC-FDMA), and the like.

{00186} As shown in FIG. 14, the communications system 100 may
mmelude wireless transmit/receive units (WTRUs) 102a, 102b, 102¢, 102d, a
radio access network (RAN) 104, a core network 108, a public switched
telephone network (PSTN) 108, the Internet 110, and other networks 112,
though it will be appreciated that the disclosed embodiments contemplate any
number of WTR Us, base stations, networks, and/or network elements. Each of
the WTRUs 102a, 102b, 102¢, 102d may be any type of device configured to
operate and/or communicate in a wireless environment. By way of example,
the WTRUs 102a, 102b, 102¢, 102d may be configured to transmit and/or
receive wireless signals and may include user egquipment {UE), a mobile
station, a fixed oy mobile subscriber unit, a pagey, a cellular telephone, a
personal digital assistant (PDA), a smartphone, a laptop, a netboock, a
personal computer, a wireless sensor, consumer electronics, and the like.
{0017} The communications systems 100 may also include a base station
114a and a base station 114b. EKach of the base stations 114a, 114b may be
any type of device configured to wirelessly interface with at least one of the
WTRUs 102a, 102b, 102¢, 102d to facilitate access to one or more
communication networks, such as the core network 108, the Internet 110,

and/or the networks 112, By way of example, the base stations 114a, 114b
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may be a base transceiver station (BTS), a Node-R, an eNode B, a Home Node
B, a Home eNode R, a site controller, an access point, {AP), a wireless router,
and the like. While the base stations 114a, 114b are gach depicted as a single
glement, it will be appreciated that the base stations 114a, 114b may include
any number of interconnected base stations and/or network elements.

[0018] The hase station 114a may be part of the RAN 104, which may
also include other base stations and/or network elements (not shown), such as
a base station controller (BS(C), a radio network controller (RN}, relay nodes,
ete. The base station 114a and/or the base station 114b may be configured to
transmit and/or receive wireless signals within a particular geographic region,
which may be referred to as a cell (not shown). The cell may further he
divided into cell sectors. For example, the cell assocaated with the base station
114a may be divided mto three sectors. Thus, in one embodiment, the base
station 114a may include three transceivers, 1.e., one for each sector of the cell.
In ancther embodiment, the base station 114a may employ multiple-input
transceivers for each sector of the cell.

[0019] The base stations 114a, 114b may coramunicate with one or more
of the WTRUs 102a, 102b, 102¢, 102d over an air interface 116, which may he
any suitable wireless communication hnk (e.g., radic frequency {(RI),
microwave, infrared (IR), ultraviolet (UV), visible light, etc.). The air interface
116 may be established using any suitable radio access technology (RAT).
10020} More specifically, as noted above, the communications system
100 may be a multiple access system and may employ one or more channel
access schemes, such as COMA, TDMA, FDMA, OFDMA, SC-FDMA, and the
like. For example, the base station 114a in the RAN 104 and the WTRUs
102a, 102b, 102¢ may implement a radio technology such as Universal Mobile
Telecommunications System (UMTS) Tervestrial Radio Access (IUTRA), which
may establish the air interface 116 using wideband CDMA (WCDMA).
WCDMA may include communication protocols such as High-Speed Packet

Access {(HBSPA) andior Evolved HSPA (HS5PA+). HSPA wmay include High-
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3
Speed Downlink Packet Access (HSDPA) andior High-Speed Uplink Packet
Access (HSUPA).
10021] In another embodiment, the base station 114a and the WTRUs
102z, 102b, 102¢c may implement a radio technology such as Evolved UMTS
Terrestrial Radio Access (E-UTRA), which may establish the air interface 116
using Long Term Evolution (LTE) and/or LTE-Advanced {LTE-A).
10022] In other embodiments, the base station 114a and the WTRUs
102a, 102b, 102c may implement radio technologies such as IEEE 802.16 (i.e.,
Worldwide Interoperability for Microwave Access (WiMAX}), CDRMAZ000,
CBMA2000 1X, CBMA2000 EV-BO, Interim Standard 2000 (1S-2000), Interim
Standard 95 {IS-95), Interim Standard 856 (IS-858), Global System for Mobile
communications (GSM), Enhanced Data rates for GSM Evolution (EDGE),
GSM EDGE (GERAN}, and the like.
[0023] The base station 114b in FIG. 14 may be a wireless router, Home
Node B, Home eNode B. or access point, for example, and may utilize any
suittable RAT for facilitating wireless connectivity in a localized area, such as a
place of business, a home, a vehicle, a campus, and the like. In cne
embodiment, the base station 114b and the WTRUs 102¢, 102d may
iaplement a radio technology such as IEEE 802.11 to establish a wireless
iocal area network (WLAN). In another embodiment, the base station 114b
and the WTRUs 102¢, 102d may implement a radie technelogy such as IEEE
802.15 to establish a wireless personal area network {(WFPAN}. In yvet another
embodiment, the base station 114b and the WTRUs 102¢, 102d may utilize a
cellular-based RAT (e.g., WCDBMA, CDMA2000, GSM, LTE, LTE-A, etc.) to
gstablish a picocell or femtocell. As shown in FIG. 1A, the base station 114b
may have a direct connection to the Internet 110. Thus, the base station 114b
may not be required to access the Internet 110 via the core network 106.
[0024] The RAN 104 may be in communication with the core network
106, which mayv be any type of network configured to provide voice, data,
applications, and/or voice over internet protocol (VoiF) services to one or more

of the WTRUs 102a, 102b, 102¢, 102d. For example, the core network 108 may
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provide call control, billing services, mobile location-based services, pre-paid
calling, Internet connectivity, video distribution, etec., and/or perform high-
fevel security functions, such as user authentication. Although not shown in
FIG. 1A, it will be appreciated that the RAN 104 and/or the core network 106
may he in direct or indirect communication with other RANs that employ the
same RAT as the RAN 104 or a different RAT. For example, in addition to
being connected to the RAN 104, which may be utilizing an E-UTRA radio
technology, the core network 106 may alsg be in communication with another
RAN (not shown} empioying a G&M radio technology.

{0025} The core network 106 may also serve as a gateway for the
WTRUs 102a, 102b, 102c, 1024 to access the PSTN 108, the Internet 110,
and/or other networks 112. The PSTN 108 may include circuit-switched
telephone networks that provide plain old telephone service (POTS). The
Internet 110 may inciude a global system of interconnected computer
networks and devices that use common communication protocols, such as the
transmission control protocol (TCP), user datagram protocol (UDF) and the
internet protocol (IP) in the TCP/AP internet protocol swite. The networks 112
may nclude wired or wireless communications networks owned and/or
operated by other service providers. For example, the networks 112 may
include another core network connected to one or more RANs, which may
employ the same RAT as the RAN 104 or a different RAT.

100286] Some or all of the WTRUs 102a, 102b, 102c, 102d in the
communications system 100 may include multi-mode capabilities, i.e., the
WTRUs 102a, 102h, 102c, 102d may include multiple transceivers for
communicating with different wireless networks over different wireless links.
For example, the WTRU 102c shown in FIG. 1A may be configured to
communicate with the base station 114a, which may employ a cellular-based
radio technology, and with the base station 114b, which may employ an IEEE
&02 radio technology.

10027] Fl{z. 1B is a system diagram of an example WTRU 102. As

shown in Fi{z. 18, the WI'RU 102 may include a processor 118, a transceiver
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120, a transmit/receive element 122, a speaker/microphone 124, a keypad 128,
a displayf/touchpad 128, non-removable memory 130, removable memory 132,
a power source 1324, a global positioning system {(GPS) chipset 136, and other
peripherals 138. 1t will be appreciated that the WTRL 102 may include any
sub-combination of the foregoing elements while remaining consistent with an
embodiment,

[0028] The processor 118 may be a general purpose processor, a special
purpose processor, a conventional processor, a digital signal processor (DSP), a
piurality of microprocessors, one oy more microprocessors in association with a
BEP core, a controller, a microcontroller, Application Specific Integrated
Circuits {ASICs), Field Programmable Gate Array (FPGAs) circuits, any other
type of integrated civemut (IC), a state machine, and the like. The processor
112 may perform signal coding, data processing, power control, inputfoutput
processing, and/or any other functionahity that enables the WTRU 102 to
operate in a wireless environment. The processor 118 may be coupled to the
transceiver 120, which may be coupled to the transmit/receive element 122,
While FIG. 1B depicts the processor 118 and the transceiver 120 as separate
components, it will be appreciated that the processor 118 and the transceiver
120 may be integrated together in an electronic package or chip.

[0029] The transmit/receive element 122 may be configured to transmait
signals to, or receive signals from, a base station {e.g., the base station 114a)
over the air interface 116. For example, in one embodiment, the
transmitfreceive element 122 may be an antenna configured to transmit
and/or receive RF signals. In another embodiment, the transmit/receive
element 122 may be an emitter/detector configured to transmit and/or receive
IR, UV, or visible light signals, for example. In vet another embodiment, the
transmit/receive element 122 may be configured to transmit and receive both
REF and light signais. It will be appreciated that the transmit/receive element
122 may be configured to transmit and/or receive any combination of wireless

signals.
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[0030] In addition, although the transmitireceive element 122 1is
depicted in FI(G. 1B as a single element, the WTRU 102 may include any
number of transmit/receive elements 122. More specifically, the WTRU 162
may empioy MIMO technology. Thus, in one embodiment, the WTRU 102
may mclude two or more transmit/receive elements 122 {e.g., multiple
antennas) for transmitting and receiving wireless signals over the air
interface 116.

{0031} The transceiver 120 may be configured to modulate the signals
that are to be transmitted by the transmit/receive element 122 and to
demoduliate the signals that are received by the transmitfrecetve element 122,
As noted above, the WTRU 102 may have multi-mode capabilities. Thus, the

transceiver 120 may include multiple transcetvers for enabling the WTRU 102

to communicate via muitiple RATs, such as UTRA and IEEE 802.11, for
example.
10032} The processor 118 of the WTRU 102 may be coupled to, and may

receive user input data from, the speaker/microphone 124, the keypad 128,
and/or the display/touchpad 128 {e.g.. a liguid crystal display (LCD) display
unit or organic light-emitting diode (CLED)} display unit}). The processor 118
may also output user data to the speaker/microphone 124, the keypad 128,
and/or the display/touchpad 128. In addition, the processor 118 may access
information from, and store data in, any type of suitable memory, such as the
non-removable memory 130 and/or the removable memory 132, The non-
removable memory 130 may include random-access memory (RAM)}, read-only
memory (ROM), a hard disk, or any other type of memory storage device. The
removable memory 132 may include a subscriber 1identity module (SIM) card,
a memory stick, a secure digital {5D) memory card, and the like. In other
embodiments, the processor 118 may access information from, and store data
in, memory that is not physically located on the WTRU 102, such as on a
server or a home computer (not shown).

10033] The processor 118 may receive power from the power source 134,

and may be configured to distribute andior control the power to the other
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components in the WTRU 102. The power source 134 may be any suitable
device for powering the WTRU 102. For example, the power source 134 may
include one or more dry cell batteries {e.g., nickel-cadmium (NiCdj, nickel-zinc
(N1Zn), nickel metal hvdride (N1MH}), lithium-ion (Li-ion), ete.}, solar cells, fuel
cells, and the like.

{0034] The processor 118 mav also be coupled to the GPS chipset 134,
which may Be configured to provide location information (e.g., longitude and
latitude) regarding the current location of the WTRU 102, In addition to, or in
lteu of, the mformation from the GPS chipset 136, the WTRL 102 may receive
location information over the air interface 116 from a base station {e.g., base
stations 114a, 114b} and/or determine its location based on the timing of the
signals being received from two or more nearby base stations. It will be
appreciated that the WIRU 102 may acguire location information by way of
any suitable location-determination method while remaining consistent with
an embodiment,

{0035] The processor 118 may further be coupled to other peripherals
138, which mayv include one or more software and/or hardware modules that
provide additional features, functionality andior wired or wireless
connectivity. For example, the peripherals 138 may include an accelerometer,
an e-compass, a satellite transceiver, a digital camera (for photographs or
video), a universal serial bus (USB) port, a vibration device, a television
transceiver, a hands free headset, a Bluetooth® module, a frequency
modulated (FM) radio unit, a digital music player, a media player, a video
game player module, an Internet browser, and the like.

{0038] FIG. 1C is a system diagram of the RAN 104 and the core
network 106 according to an embodiment. As noted above, the RAN 104 may
employ an E-UTEA radio technology to communicate with the WITRUs 102a,
102b, 10%2c over the air interface 116. The RAN 104 may also be in
communication with the core network 106.

10037} The RAN 104 may include eNode-Bs 140a, 140b, 140c¢, though it

will be appreciated that the RAN 104 may mclude any number of eNode-Bs
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while remaining consistent with an embodiment. The eNode-Bs 140a, 140b,
140c¢ may each inciude one or more transceivers for communicating with the
WTRUs 102a, 102b, 10Z¢ over the air interface 116. In one embodiment, the
eNode-Bs 140a, 140b, 140¢ may implement MIMO technology. Thus, the
eNode-B 140a, for example, may use multiple antennas to transmit wireless
signals to, and receive wireless signals from, the WTRU 102a.

[0038] Each of the ¢Node-Bs 140a, 140b, 140c may be associated with a
particalar cell {not shown) and may be configured to handle radio resource
management decisions, handover deasions, scheduling of users in the uplink
and/or downlink, and the like. As shown in FIG. 1C, the eNode-Bs 140a, 140b,
140¢ may communicate with one another over an X2 intexface.

10039) The core network 106 shown in FIG. 1€ may include a mobility
management gateway (MME} 142, a serving gateway 144, and a packet data
network (PDN) gateway 146. While each of the foregoing elements are
depicted as part of the core network 106, it will be appreciated that any one of
these elements may be owned and/or operated by an entity other than the core
network operator.

{0040 The MME 142 may be connected to each of the eNode-Bs 140a,
140b, 140c¢ in the RAN 104 via an S1 interface and may serve as a control
node. For example, the MME 142 may be responsible for authenticating users
of the WTRUs 102a, 102b, 102¢, bearer activation/deactivation, selecting a
particular serving gateway during an initial attach of the WTRUs 102a, 102b,
102¢, and the like. The MME 142 may also provide a controi plane function
for switching between the RAN 104 and other RANs {(not shown) that employ
other radio technologies, such as GSEM or WCDMA,

{004 1] The serving gateway 144 may be connected to each of the ¢Node
Bs 1402, 140b, 140¢ in the RAN 104 via the 51 interface. The serving gateway
144 may generally route and forward user data packets to/from the WTRUs
102a, 102bh, 10Zc. The serving gateway 144 may also perform other functions,

such as anchoring user planes during inter-eNode B handovers, triggering
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paging when downlink data is available for the WTRUs 102a, 102b, 10c,
managing and storing contexts of the WTRUs 10Za, 102b, 102¢, and the like.
[0042] The serving gateway 144 may alsc be connected to the PDN
gateway 146, which may provide the WTRUs 102a, 102b, 102¢ with access to
packet-switched mnetworks, such as the Internet 110, to facilitate
communications between the WTRUs 1062a, 102b, 102c¢ and IP-enabled
devices.
[0043] The core network 106 may facilitate communications with other
networks. For example, the core network 106 may provide the WTRUs 102a,
102k, 102¢ with aceess to eircuit-switched networks, such as the PSTN 108, to
facilitate communications between the WTRUs 102a, 102b, 102¢ and
traditional land-line communications devices. For example, the core network
106 may include, or may communicate with, an [P gateway (e.g., an P
multimedia subsystem (IMS) server) that serves as an interface between the
core network 106 and the PSTN 108, In addition, the core network 106 may
rovide the WTRUs 102a, 102b, 102¢c with access to the networks 112, which
may 1nclude other wired or wireless networks that are owned andfor operated
by other service providers.
[0044] The Radio Network Evelution {(RNE) described herein includes a
new network node, a millimeter wave base station (mB). It may be used as
mmW access links to mobiles units, or WTRUs and mmW backhaul (BH) links
to other mBs and to the cellular base station. An mmW supported WTRU,
{hevemafter referrved to as an mWTRU for purposes of illustration), may be
connected to the cellular layer before the mWTRU may receive data on the
mmW layer. The mWTRUs may support mmW capabilities on a downlink
{DL) with or without an uplink (UL}, All mWTRUs may retain both Ul and
BL cellulay capabilities with mmW channels assigned. The cellular layer may
be used for one or more of mmW network control, connectivity and mobility
management, and may carry L2/3 control messages thus alleviating the mB

from the costs of these functions.
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[0045] Described herein is the mmW channel description. A mmW link
may be defined as the dehivery of baseband symbols from a mmW bheam
forming capable transmitter to a mmW beam forming capable receiver. For
example, the mmW BL link consists of an mB transmit beam forming with an
mWTHEU beam filtering on the reception side. Both mB and mWTRU have a
transmitter as well as a receiver. A mmW resource unit {mRU) may include a
specific combination of beam forming, (beamwidth and direction), and time
slot, {a time slot is a fraction of a LTE subframe and is aligned to the LTE
physical downlink control channel (FDCCH) frame timing). Fach mRU may
be dedicated to the controlling mB scheduling but the responsibility of mRU
assignment to mWTRU resides with the meNB.
{0048 Described herein 1s mmW receive signal gain. A method to
effectively 1necrease the veceive signal strength  without increasing
transmission power at the mB may be achieved by applyving beam forming.
The receiver gain may be increased by reducing the beam width of either or
both the transmitter or receiver. Une method affectively change the beam
width is by applying phase shifting.
{00471 The RNE system capability may include one or more of: 1)
location based service (LBS) or equivalent that provides sufficient accuracy to
the meNB in locating the neighboring mB relative to a target mWTRU; 2
mmW resource assigned to mWTRU on demand; and 3} mB access link
deactivation when no mWTRUs are assigned and activated on mWTRU
acguisition,
[0048] FIG. 2 shows an example integrated millimeter wave {mmW) +
iong term evolution (LTE} (mmW+LTE) system 200 that includes an eNB1+
mB1A 208 having a link with a MME/S-GW 210 and an eNB2 220 through the
X2 interface. Further the eNB2 200 may have a ink with a MME/S-GW 225,
where both the MME/S-GW 210 and 225 are in hnk with a P-GW 215. The
eNB1+ mB1A 205 may have a link over the Xmb interface with an mB1B 230

and an mB1C 238 and the eNB2 220 may have a link with an mB2A 240, an
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mB2B 245 and an mB2C 250. An mWTRU 2585 may be have links with the
eNB1+ mB1A 205, mBiB 230 and mB1C 235.

[0049] In the mmW + LTE integrated system 200, the mWTRU 255 may
remain connected to the cellular svstem, {e.g., LTE network), for the majority
of the time. The mmW sub network may be utilized on demand when a
service requiring mmWw 1s requested such as high speed user data. The mmW
iink may be maintained only for the duration of the resguested service.
Therefore, each time a service is regquested, an mmW acquisition procedure
may be performed by the network to establish a mamW hink for the target
mWTEL.

[0050] The meNB that controls the mmW sub network may make the
determination of when to initiate mmW service for a mWTRU. As shown in
FIG. 2, the meNB 205 may select a target mB, {(for example mB1C 235), based
on mmW related information provided by the mWTRU, (such as mWTRU
orientation and position, mmW capability, and the like), and available mB
information, {such as available mB coordinates with or without historical
mmW connection infoermationy, and then may trigger the mmW acquisition
procedure,

[0051] During the acguisition process, the mWTRU may acquire an
mB/beam combination that meets certain link guality requirements and
achieve timing synchronization, {symbol, frame, slot, and the like}, with the
selected mB/beam combination. The acguisition process may then be
performed on the mRU configured by the meNB. Upon completion of the
acguisition procedure, the mWTRU may then be ready to transmit or receive
user data on an asgigned mmW link.

[00562] In conventional celiular systems operated in lower fregquency
bands, specialized channels are available cell-wide to facilitate system
acguisition process. For example in LTE, symbol synchronization is achieved
via primary synchronization channel (PSCH) and secondary synchronization
channel (SSCH) and basie system information is broadecasted to all users in

the coverage area via a broadeast channel (BCH}. On the other hand, the
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mmW system link quality relies on high gain narrow bheams from the
transmitter and/or receiver, and proper alignment of the beam(s) due to its
propagation property. A cell-wide channel is not available in the mmW
system since the directionality of beam forming hmits signal coverage to
narrow beam areas corresponding to the beam width. The methods deserihed
herein below utilize readily available cellular systems to assist mmW
acquisition, and various embodiments may provide faster acquisition, lower
power consumption, and the like.

{0053] These methods address at least the following situations: 1) that
the mmW acquisition procedure has to account for different path delays on the
mWTRU-mB and mWTRU-meNB link in establishing timing synchronization;
and 2) that the mmW acguisition procedure coordinates decisions and
execution times on relevant nodes, {e.g, mWTRU, mB, and meNB). In
addition, the sequence of triggering messages is also described herein below.
[0064] Described herein is a high level mmW acquisition procedure that
leverages assistance from existing wireless systems. The 3GPP LTE cellular
system may be referenced as an example system for description purposes to
illustrate control plane support, but other systems may also be used, including
UMTS, WIMAX, and the like.

10055] FIG. 3 shows an example mmW acquisition procedure 300. The
mmW acquisition procedure 300 acquires synchronization on several
components of mmW communication properties for a transmitter and receiver
pair to establish wireless communication. These mmW communication
properties include at least the base rcarrier frequency, the directional
alignment of transmitter and receiver beam forming, and timing. This
synchronization allows reception of a user data packet over the mmW link.
[0058] Initially, the mmW resource management (MEM) function ¢n an
meNB may decide when an mmW link may be assigned to an mWTRU (305).
The MRM may acquire some basic mWTRU information over the cellular
system {(310). The basic mWTRU information may include but is not himited to

location, coarse timing, mmW capabihity of mW'TRU and the hike. The meNB
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may generate a candidate mB list based on the mWTRU information and a
data base that maintains historical mmW link measurement statistics (if
available} (315). The meNB may also consider other factors such as grouping
of mWTRU with same mobility pattern at mB/eNB, the loading of the mBs,
mBs resource availabihity, and the mBs abihty to support the ob
requirements. For each mB in the candidate list, the meNB may also
generate a preferred beam list,
[60567] The meNB may then notify both the mWTRU and the mB(s} in
the candidate hist of some or all of the information described herein below
(32®. For example, this information may inchude the physical layer mmW
acguisition start time with reference to cellular timing. This may also be done
using the coarse timing information obtained from the cellular underiay
system. In another example, the information may include the number of beam
sweeping repetitions, which may be derived from mWTRU mmW capability
and its location. For instance, if an mWTRU is located near the edge of the mB
coverage and likely needs receiver beamforming to establish a mmW link,
multiple repetitions may be configured. On the other hand, if a mWTRU
operate in omni antenna mode, then single repetition may be configured.
[0058] The infermation may further include, for example, mB and beam
specific indices corresponding to signature sequences that mayv be used in
beacon transmission as described herein below. In another example, the
mformation may include the resources that may be used for mWTRU
reporting. The mWTRU may feedback results of mmW acquisition over
cellular channel or mmW channel. Multiple mWTRUs may be configured to
perform mmW acquisition simultaneously. In such a case, differsnt reporting
resources may be assigned to each mWTRU so that reports may not collide.
The resources may be differentiated by frequency, time, or code.
[00569] At the mmW acquisition start time, each mB may 1initiate
transmitting acquisition beacons on the assigned mRU, and with sequential
beams specified in the preferred beam list (325). The beacons mayv be

modulated by each mB and beam specific sequences. In the meantime, the
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mWTRU may perform shding window correlation around the specified mmW
acguisition start time, using all sequences corresponding to the mBs and the
beams in the candidate list {330). A peak detection module mayv be used to
detect the best mB/beam combination and this may achieve timing and
frequency synchronization at the same time.
10060] The mWTRU may report to the network the {ollowing
information described herein below {(335). For example, the information may
include the N highest received mmW signat strengths across all candidate
mB/beam combinations and associated mB and beam indices. Based on the
mWTRYU report and along with other information such as the mB load status,
the network may decide {340} to either setup an mmW hink for the subsequent
data transmission (348) or fall back to the cellular system {350). The eNB
10061} FIG. 4A and 4B show an example mmW acquisition message flow
sequence 400 to enable the mmW acguisition described herein above. The
signaling for the mmW acquisition message flow sequence 400 may be
between an eNBL 402, a target mBiB 404 and an LTE/mmW WTRU 4086.
Initially, the eNB1 402 and LTE/mmW WTRU 406 are connected to the LTE
network {410 and 412). In a ENE system, this allows both the mB and mmW
WTRU to use a meNB LTE time line as a common time reference.
[0062] The mBiB 404 may obtain basic information about the mmW
WTRU, for example the LTE/mmW WTRU 406, from the cellular system to
make an mmW beam allocation decision (416). This information may include
mmW WTRU geographical information such as coordinates, which may he
sent to the meNB from the mmW WTRU, (assuming global positioning system
{GPS) capability), or may be derived by the network, which includes the
cellular system and the mmW system, {i.e. the ENE}. Using the mmW WTRU
406 coordinates, the meNB may generate a candidate mB List which includes
mBs with the shortest distances. The meNB may also refine the candidate mB
list according to a data base that collects historical mmW link data. For

example, the data base may include ranges of received mmW power from
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given mB/beam combinations for each geographical zone, {as determined by
the mmW WTRU coordinates). Using historical information from the data
base, the meNB may possibly remove mBs from the candidate list if they do
not have line-of sight (LOS) to the mmW WTRU or add a new mB with a prior
successful connection. Additionally, the LOS information as well as other
parameters that affect link establishment guality may be utilized to classify
mB into different tiered priority candidate lists.

(0063} From the data base, the meNB may select preferred beams for
each mB in the candidate list. In the case where historical data is not
available, all possible beams available at the mB may be assigned as preferred
beams. This may happen where there is a lack of historical data, such as when
the network 1s newly deployed. In addition, for an mmW WTRU that is
capable of reporting device orientation, (with the in-device gyro reter
support), the preferred beam list may be further refined. The preferred beam
list mav be refined considering the current mB loading condition and the
ability to satisfy quality of service {{JoS) requirements for the mmW WTRU. In
an example, the meNB may adopt predetermined filtering criteria to generate
alternative (multiple} mB link candidate lists, each corresponding to specific
svstem connectivity scenario filtered, (e.g. links with minimum backhaul hops,
links with least backhaul delay, links incurring least system traffic load, hinks
with least inter-cell-interference, links supported only with LOS, links
supported by NLOS, and the like), to allow the meND to make dynamic mmW
candidate link selections corresponding to istantaneous hink status feedback
based on the information available, {e.g. user traffic oS reguirement, system
lsad Dbalancing input, LOS input, mmW WTRU location feedback
{with/without orientation information)), or if configured, periodic mmW hink
measurements feedback.

[0064] The information may also include timing relationships between
the mmW WTRU and the mB, which may be coarsely derived from the mmw

WTRU-meNB timing and mB-meND timing.
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{0065] {Once the allocation decision has been made, the eNB1 402 may
mitiate MMW link establishment (418). The eNB1 402 may send an mB
configuration request message to a target mB1B 404 to reserve mRU (420). As
part of mRU reservation, the acquisition mode and acquisition start time,
{specified in the number of mmW symhol relatives to a LTE subframe}, are
determined by the eNB1 402. The target mB1B 404 may configure PHY
assignment and update PHY scheduling assignment (422). The eNB1 402
may signal the set of information to the LTE/mmW WTRU 406 in an mmW
configuration request message using the underlying cellular network (424).
The target mB1B 404 may send an mB configuration confirmation (426).

[0066] The mmW acguisition process may then be executed (428). This
may include target mB1B 404 downhink (BL) channel synchromization, which
includes obtaining frequency, tume and mmW frame synchronization, mB 1D

T

and a transmission beam index (430}. This synchronization may be done by
sending beacon transmissions {432 and 434) to the LTE/mmW WTRU 406.
10067] An mmW uplink (UL) transmission procedure may be executed if
mmW UL communication is configured {(436). The LTE/mmW WTRU 406 may
transmit multiple mmW alignment status messages 438 and 440 to the target
mB1B 404. This may be repeated for multiple mB beam angles (442). The
target mB1B 404 may transmit a mmW channel established success message
to the eNB1 402 (444) and the eNB1 402, in turn, may transmit user data to
the target mB1B 404 (4486).

10068} The LTE/mamW WTRU 406 may transmit an mmW configuration
confirmation message to the eNB1 402, which may include an mmW
alignment status message (448). The LTE/mmW WTRU 406 may then be
connected to both the LTE and mmW networks {450}y The eNB1 402 may
transmit an initiate data transmission message to the target mB1ib 404 (452).
The target mB1b 404, in turn, may transmit user data to the LTE/omW
WTRU 406 (454).

10069] F1z. 5 shows esxample RNE architecture 500 including an mmW

WITRU 502, a mB 504 and a meNB 508, overlaid with a meNB LTE
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transmission timeline 508 and a mB mmW transmission time hine 510. The
mmW WTRU 502 may be communicating with the mB 504 using a mmW data
link 512, the mB 504 may be communicating with the meNB 506 using a
mmW backhaul {BH) link 514 and the melNB 506 may be communicating with
the mmW WTRU 502 using a I.TE control hink 516.

10070] As illustrated in FIG. 5, two different path delays: {1} LTE from
meNB 506 to mmW WTRU 502; and () mmW from mB 504 to mmw WTRU
502 need to be considered in determining the mmW acquisition starting time.
The mmW WTRU 502 may be connected to a LTE network of any cell size
which may be up to 30 Km fer a macro cell while the expected mB cell
coverage may be in the range of pico or smaller {< 200m} size cells. The path
delay on the mmW WTRU-mB link 512 at 200m is about 666 nano-seconds.
This 1s insignificant when compared to the LTHE path delay which may be up
to 30 Km. The meNB to mmW WTRU 516 path delay on LTE 1s devived from
the “timing advance” mechanism which may not be 1.OS. The path delay on
the mmW link 512 is unknown during nitial mmW acquisition. The
inaccuracy in path delay on both mmW WTRU-meNB and mmW WTRU-mB
links are considered and built into the “timing uncertainty”. The inaccuracy 1s
accounted for by extending the correlation sliding window length for peak
detection to the detection length plus worst case timing uncertainty.

[0071] The “LTE time offset” 518 1s the mmW acguisition start time and
it 18 specified in terms of the number of mmW TTY delays from LTE frame N
subframe n and takes into account the worst case signaling delay on the
backhaul as well as an access link o configure the mmW WTRU to initiate
mmW acguisition. This delay may be a default value per RNE deployment
configuration and is adjustable by the melNB based on the dynamics of the
backhaul latency monitored.

10072} Also over the cellular link, the meNB may obtain the mmW
specific capability of an mmW WTRU. Such capability information may
melude the number of mmW beams and beam widths the mmW WTRE may

.

generate, and the number of transmission beams the mmW WTRU may
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simultaneously support. An mmW WTRU with multiple independent radio
frequency {(R¥) chains may be able to mimic mB transmission {(TX)
beamforming by digital processing, and effectively have visibility to multiple
TX beams simultaneously. Another method to allow multiple beam access 1s
through filtering. The mmW WTRU may be able to separate signals from
different subbands and each of the subbands may be beamformed differently.
Shorter beam sweeping or faster acguisition mav be achieved if the mmW
WTRLU is able to access multiple TX beams simultaneously.

{0073] Deseribed herein is how to configure mmW acquisition.  The
meNB may inform both mB(s) and mamW WTRL of the preferred beam list,
beam sweeping starting time, {probably with reference to cellular frame
timing), and number of beam sweeping repetitions. The mmW WTRU may
start measuring the mmW channels around the specified time, considering the
timing tnaccuracy obtained from the cellular system.

10074] In some embodiments, the meNB also specifies the method and
resources for mmW WTRU o send feedback information back to the network.
In cne embodiment, the mmW WTRU may be directed to send information to
the meNB over the cellular link, and have the meNB relay the information to
the mB. In an alternative embodiment, the mmW WTRU may be directed to
send information over the mmW channels at a specified timeffrequency and
repetition.

{0075] The mmW WTRU may also be directed to feedback the highest
received mmW signal strength and corresponding mBfbeam indices, or
feedback when the highest received mmW signal strength exceeds a certain
predetermined threshold. The latter may be suitable when multiple mmW
WTRUs contend for resources such as physical uplink control channel
(PUCCH) in LTE. In such a case, the meNB may declare a failure after the
mmW acquisition timner expires.

100786] The meNB may also explicitly send mB and mmW WTRU the
beacon seqguences to be used for acguisition, or notify them to generate

sequences based on mB and beam Ii}. The mi3 may venity if the resources
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requested by the meNB may be supported and provide the response in an mB
configuration confirmation message 448 as shown in FIG. 4.

0o77] Described herein is beacon transmission and beacon frame
design. Beacon transmission is over a specified time and frequency band as
specified by the meNB. Beacon symbols may he modulated by the mB and
beam specific sequences, which may be determined statically based on the mB
and beam ID, or allocated semi-dynamically to avoid the need for large
number sequences. The sequences should have good aute-correlation and
cross-correlation properties. For example, sequences that may be suitable
include Zadoff-Chu sequences or pseudo-random noise (PN} sequences that are
used in WCDMA systems.

[0078] FIr. 6 shows embodiments (600} for modulating a beacon with
mB and/or beam specific sequences. In one embodiment (A), single stage
modulation 1s applied. A unique sequence is generated for each distinct
mB/beam combination, and multiplied with a known pilot symhol sequence. In
another embodiment (B), the modulation is done in two stages. The beacon is
divided in two portions, for example, in time or frequency. The first portion is
only modulated by an mB specific sequence (51) and the second portion is
modulated by a composite sequence of both mB (31 and beam specific
sequence (S52). The composite sequence 15 obtained by element-wise
multiplication of the two sequences 51 and $2. The latter may reduce the total
number of sequences and the mmW WTRU complexity and power
consurnption. In another embodiment (C}, the beacon may be modulated by an
mB specific sequence, {but not a beam specific sequence). In this embodiment,
the mmW WTRU may first acquire beacon transmission timing, and then
derive beam indices from it. Due to initial timing inaccuracy, the beacon frame
should be long enough to overcome the initial timing inaccuracy.

[6079] Multiple beacons may also be transmiited sirmnultaneousiy, but on
different frequency bands. For example, mB may transmit beam A, C, E ,....

on frequency band 1, and beam B, B, F ,.... on frequency band 2.
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[0080] Described herein 1s mmW WTRU processing. As described
herein above, the mmW WTRU may obtain the acquisition start time from the
LTE layer. Based on this information as well as the timing uncertainty guard
interval, the mmW WTRU determines the time to start the procedure to detect
beacons transmitted by the mBs. The detection procedure completes on mmW
WTRU successfully synchronized in time with the mB providing the largest
received beam energy, which is also the beam it wishes to establish the data
transmission as described with respect to FIG. 3. In addition to the time
synchronization achieved by this process, the mrmW WTRIU may also obtain
the mB and beam identity, {i.e. cell and beam identity), that may be used to
extract various cell specific properties.

{0081} Depending on the beacon transmission method, the detection of
the beacons may take different forms, Common to all, the initial detection of
the signals 1s performed via autocorrelation, t.e. a sliding window filtering
procedure. With the knowledge of the mB/beam specific sequences provided by
higher layer {e.g. radio resource control (RRC) signaling), the mmW WTRU
autocorrelates the received signal with the candidate mB/beam specific
signals. The mB and beam specific signals may be orthogonal to each other in
order to minimize the autocorrelation among different mB and beam
candidates. The cutput of the sliding window filtering gives the peak energy
value, from which the mB beam transmission time, as well as the
corresponding mB and its particular beam may be determined.

{0082} In the case of single stage wodulation, the largest peak energy
detected also determines the specific mB/beam pair with the largest received
energy. F1G. 7 shows an example block diagram 700 of time synchronization
and mB/beam selection. A received signal (710) is autocorrelated via sliding
window filtering with the modulated beacon signals which are denoted as M,
1=1,...,N {720}. Note that each M, 1=1,...,N, is unigquely modulated with the
mB/Beam sequence (signature). The largest peak is selected and the time of
the largest peak is obtained (730). The specific mB/beam pair is then

s

determined {

A

740) and the specific mB is time synchromzed (750).
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{0083] In embodiments having a beacon with multiple pieces, different
parts are modulated with unigue signatures such as mB specific, heam
specific, or a combination of both. In embodiments with the beacon divided in
time, the autocorrelation of the fivst part provides the timing synchronization
and moreover, the location of the remaining spht. However, the additional
mmformation extracted from the second part may give more detailed
information such as beacon frame timing and the specific beam identity. FIG.
8 shows an example block diagram 830 for the mB and beam detection and
time synchromzation for separately modulation beacons. As opposed to the
single stage modulation scheme 700 shown in FlG. 7, after receipt of the
signal {810}, the initial step employs sliding window filtering {820) in order to
determine the particular mB I {signature} from which the largest signal is
received from (830). This initial filtering is carried by My, 1=1,2,.k unigue
signals that correspond to k¥ number of mBs the mmW WTRU wishes to
perform acquisition. As shown, after detecting the particular mB the mmW
WTRU may synchronize with it in time {840). Moreover, since the location of
the second beacon split is already known, the mmW WTRU is able to
determine the location of the second beacon split (850). Another set of shiding
window filtering is performed for this beacon, where the filtering signals are
denocted as M, 1=1,..,n (860). Here, n gives the possible beam signatures. The
filtering operation outputs the particular beam of the already selected mB
with the largest received power (270 and 88().
{0084} In embodiments where only mB specific sequences are carried by
the beacons, mmW WTRU may derive the 1D of the strongest beam from the
timing relationship. If the mmW WTRU dstects the strongest peak at time T,
and assumes the beacon transmission starts at To and the beacon interval is
B, {both are known to the mmW WTRU in the mmW configuration phase},
then the I of the strongest beam 1s calculated as:

I = round{(T-Ty/D) (Equation 1)
10085] Due to timing inaccuracy, there is an offset between the beacon

transmission time viewed by the mmW WTRU, which s To, and actual
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transmission time at mB. To ensure the correct detection of beam ID, the
beacon interval should be at least two times the maximum timing offset.
[0086] Described herein is the mmW WTRU reporting. In some
embodiments, once the mmW WTRU has detected the strongest mB/beam
combination{s), and corresponding channel guality, the ;momW WTRU reports
the results, {which may include some or ail of, but are not limited to: the
mB/beam indices and corresponding channel quality indicator, timing offset
between mmW and cellular system), back to the network using mmW or
celiular channels specified by the meNB. {f the cellular channels are specified,
then the mmW WTRU feedback may be carried on the PUCCH or piggy
backed on the mmW Configuration Confirm message carried on the physical
uplink shared channel (FUSCH). The meNB may then decode the proper
cellular uphink channel, and forward the information to the mB. If the mmW
channel is specified, the mmW WTRU wmay then apply the proper coding and
odulation which are specified by the meNB, and transmit the data package
with the best receiver beam. The mmW feedback transmission is repeated
multiple times, (number of repetitions having been specified), so that the
target mB may try multiple beams to receive the {eedback.
[GO87] Described herein i1s the mB acguisition failure recovery. The
mmW acguisition procedure may utilize command/respond protocols to
synchronize procedure between nodes. To prevent communication dead lock
for suspending the procedure, the mmW acquisition timer is utilized as the
safety net to exit the acquisition procedure from fatlure condition. For
example, the RNE system relies on two separate wireless signaling channels
for communication. This creates the scenario where the mmW WTRU may be
able to receive mmW configuration messages from the meNB on the LTE
channel but not able to acquire mmW signals from the assigned mB. One
such possible scenario ts when a truck pulls up and blocks the LOS to the mB
across the street. If there is no alternative mB or reflective path that may
reach the target mmW WTRU, the mmW signal acquisition procedure will fail.

in this scenario, if the mmW WTRU 1z not able to transmit mmW
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configuration failure messages back to the meNB on the UL LTE, the mmW
acguisition timer expives triggering the meNB to abort the mmW acquisition
procedure and revert back to LTE for data service.

10088] In the case where the meNB receives mmW acquisition failure
messages from the mB and/or mmW WTRU before mmW acquisition timer
expires, the meNB may alternatively initiate another mmW acguisition
procedure with the remaining {(unattempted) mB/beam candidates before
reverting back to LTE for data access.

{3089] Once the mmW acquisition timer times out, the meNB may
temporarily suspend attempts to configure the mrmW channel to the targeted
mmW WTRU and configure the mmW WTRU for data access on the LTE
network untit new/updated mmW measurement data is received. The meNB
may signal a new mmW measurement configuration message to the mmW
WTRU upon mmW acquisition timer expiry.

{0090] Embodiments:

[0081] 1. A method, implemented at a wireless transmit/receive unit
(WTRU), for millimeter wave {(mmW) beam acquisition, comprising
transmitting millimeter wave (mmW) WTRU {(mmW WTRU} information over
a cellular system to a base station.

[0092] 2. The method of embodiment 1, further comprising receiving
a list of candidate mmW base stations (mB) including mmW acquisition start
timing information.

{0093] 3. The method of any preceding embodiment, further
comprising calculating correlation values around the received mmW
acguisition start timing information for the mBs in the hst.

{0094} 4, The method of any preceding embodiment, wherein the
mmW acquisition start timing information includes coarse timing information
relative to the cellular system timing.

{0095] 5, The method of any preceding embodiment, further

comprising receiving at least one of a number of beam sweeping repetitions,
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mB and beam specific indices corresponding to signature seguences, and
resource assignments for mmW WTRU reporting.

[009¢6] 8. The method of any preceding embodiment, wherein the
mmw WTRU performs shiding window correlations using signature seguences
corresponding to mBs and beams in the hist.

[6097] 7. The method of any preceding embodiment, {urther
comprising generating a message including the N highest received mmW
signal strengths across the candidate mB and beam combinations and
associated mB3 and beam indices.

{0098] 3. The method of any preceding embodiment, further
comprising transmitting feedback information over at least one of a cellular
link or an mmW link as directed by the base station.

[6099] 9. The method of any preceding embodiment, further
comprising transmitting at least one of highest received mmW signal strength
and corresponding mb/beam indices, and highest received mmW signal
strength exceeding a predetermined threshold.

10100] 10.  The method of any preceding embodiment, further
comprising detecting modulated beacons transmitted by mBs.

[0101] 11,  The method of any preceding embodiment, {urther
comprising correlating the modulated beacons with a sliding window filter.
[0102] 12,  The method of any preceding embodiment, further
comprising determining a specific mB and beam pair based on highest peak
energy on a condition that single stage modulation is used.

[0103] 13. The method of any preceding embodiment, {urther
comprising determining beacon frame timing and specific beam identity on a
condition that multiple stage modulation 1s used.

[0104] 14. A method, implemented at a base station, for millimeter
wave (mmW) beam acguisition, comprising obtaining millimeter wave (mmwW)
WTRU (mmW WTRU) information over a cellular system, wherein the mmW
WTRU information includes at least one of location, coarse timing and mmW

capability at the mmW WTRL.
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{0105] 15.  The method of any preceding embodiment, further
comprising generating a candidate millimeter wave base station (mB) list
using the mmW WTRU information and at least distance criteria.

[0106] 16.  The method of any preceding embodiment, further
comprising transmitting the candidate mB list and mmoW acquisition start
timing infermation to the mmW WTRU and candidate mBs;

[0107] 17.  The method of any preceding embodiment, further
comprising receiving N highest received mmW signal strengths across the
candidate mB and beam combinations and associated mB and beam indices.
{0108] 18.  The method of any preceding embodiment, further
comprisingdetermining viability of mmW link based on the N highest received
mmW signal strengths and mB load status.

{0109] 19. The method of any preceding embodiment, wherein the
candidate mB list considers grouping of mmW WTRUs with same mobility
pattern as candidate mBs and the base station.

{0110] 20. The method of any preceding embodiment, wherein the
candidate mB list is obtained using historical data from a database.

{0111] 21.  The method of any preceding embodiment, wherein a
preferred beam list is determined from at least one of the database, reported
mmW WTRU orientation, mB loading condition, and guality of service.

{0112] 22. The method of any preceding embodiment, wherein the
candidate list is determined hased on at least one of on line of sight {L.OS)
information, and prior successful connection,

{0113] 23. The method of any preceding embodiment, wherein the
candidate mB list is determined using a predetermined filtering criteria to
generate multiple candidate mB lists, each of the multiple candidate mB lists
corresponding to different system connectivity scenarios that ave filtered so
that the base station can make a dynamic mmW candidate link selection

corresponding to instantansous link status feedback.

IPR2022-00468
Apple EX1016 Page 652



WO 2013/086164 PCT/US2012/068206
28

10114] 24. The method of any preceding embodiment, wherein the
acguisition mode and acquisition start time are specified in 2 number of mmW
symbols relative to the cellular system radio frames.

{011 5} 25.  The method of any preceding embodiment, further
comprising transmitting beacon sequence information to the mB and mmoW
WTRU, wherein the beacon sequence information includes one of beacon
sequences or a notification to generate beacon sequences based on mB and
beam 1.

{01186} 26. A method, ymplemented at a millimeter wave (ramW) base
station (mB), for mmW beam acquisition, comprising receiving an mbB
configuration request from a base station including at least an aecguisition
start time and a preferred beam list.

{0117] 27. The method of any preceding embodiment, further
compriging the acquisition start time, transmitting acquisition beacons on an
assigned mmW resource unit {mRU) using sequential beams as listed in the
preferred beam list.

{0118] 28.  The method of any preceding embodiment, wherein the
acguisition beacons are modulated by at least one of beam specific sequences
and mB specific sequences.

{0119] 29, The method of anv preceding embodiment, wherein the
acguisition beacons are divided into parts and the parts are modulated by at
least one of mB specific sequences and a combination of mB specific sequences
and beam specific sequences.

[0120] 30. A method comprising at a user equipment {(JE), acquiring
millimeter wave (nmW) UE (mUE) information from a cellular system.

[0121] 31.  The method of any preceding embodiment, further
comprising receiving at the UE a candidate hist of candidate mmW base
stations (mB) including physical laver ovmW acquisition start timing

information.
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{0122] 32.  The method of any preceding embodiment, further
comprising calculating correlation values based on the received mmW
acguisition start timing information for the mBs in the candidate list,

{0123] 33, The method of any preceding embodiment, wherein the
celiular system is LTE, UMTS, or WIMAX.

{0124] 34. The method of any preceding embodiment, wherein the
mUE informaticn includes one of the following location, coarse timing, mmW
capability of mUE,

{0125] 358, The method of any preceding embodiment, wherein the
acguisition start timing information includes coarse timing information
relative to the cellular system timing.

{0126} 38.  The wmethod of any preceding embodiment, further
comprising receiving at the UE a number of sweeping repetitions.

10127] 37. The method of any preceding embodiment, wherein the
number of sweeping repetitions is derived from mUE capability information
andfor location information.

i0128] 38.  The method of any preceding embodiment, wherein the UE
also receives mB and beam specific indices corresponding to signature
sequences.

{0129) 39, The method of any preceding embodiment, wherein the UE
also receives mUE reporting resource assignments.

{0130] 40.  The method of any preceding embodiment, wherein the UE
performs shding window correlations using signature segquences corresponding
to mBs and beams in the candidate list.

i0131] 41, The method of any preceding embodiment, wherein the
mUE generates a message including the N highest received mmW signai
strength across the candidate mB/beam combinations and associated mB and
beam indices.

{013&] 42. A method comprising receiving a mB configuration request

from an ¢ Node B (eNB).
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10133] 43, The method of any preceding embodiment, further
comprising transmitting from a mB at an acguisition start time, acquisition
beacons on the assigned mRU, and with sequential beams.

{0134) 44, The method of any preceding embodiment, wherein the
beacons are modulated by a plurality of beam specific sequences.

10135] 45. A method comprising obtaining at an e Node B {(eNB)
location information of a mUE.

[0136] 46. The method of any preceding embodiment, further
comprising generating a candidate millimeter wave base station (mB) list
using the location information and a distance criterion,

10137] 47.  The method of any preceding embodiment, further
comprising acquisition mode and acquisition start time {specified in number of
mmW symbol relative to LTE subframe) are determined

10138] 48. The method of any preceding embodiment, wherein the
location information comprises the UE's coordinates obtained from the UE, or
1s derived by the network.

{0159] 49, The method of any preceding embodiment, wherein the
candidate list is obtained using historical data from a database.

[0140] 50.  The method of any preceding embodiment, wherein the
candidate list is determined based on line of sight (LLOS) information.

i0141] 51.  The method of any preceding embodiment, wherein the
eNB also receives UE device orientation information,

[0142] Although features and elements are described above in particular
combinations, one of ordinary skill in the art will appreciate that each feature
or element can be used alone or in any combination with the other fsatures
and elements. In addition, the methods described herein may be implemented
i a computer program, software, or firmware incorporated in a computer-
readable medium f{or execution bv a computer or processor. Examples of
computer-readable media include electronic signals {transmitted over wired or
wireless connections) and computer-readable storage media. Examples of

computer-readable storage media mnclude, but are not limited to, a read only
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memory (ROM), a random access memory (RAM), a register, cache memory,
semiconductor memory devices, magnetic media such as internal hard disks
and removable disks, magneto-optical media, and optical media such as CD-
ROM disks, and digital versatile disks (DVDs). A processor in assgeiation
with software may be used to raplement a radio frequency transceiver for use

m a WTRU, UE, terminal, base station, RNC, or any host computer.
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CLAIMS
What 1s claimed is:

1. A method, mmplemented at a wireless transmitireceive
(WTRU), for millirneter wave (mmW) beam acguisition, comprising:

transmitting

unit

millimeter wave {(mmW); WTRU (mmW WTRU)

information over a cellular system to a base station;
recetving a list of candidate mmW base stations (mB} including mmW
acquisition start timing information; and

caleulating correlation values around the received mmW acquisition
start timing information for the mBs in the hist.

2. The method of claim 1, wherein the mmW acquisition start

timing information includes coarse timing information relative to the cellular
system timing.

2
vta

The method of claim 1, further comprising:
receiving at least one of a number of beam sweeping repetitions, B

and beam specific indices corresponding to signature sequences, and resource
assignments for mmW WTRU reporting.

4. The method of claim 1, wherein the mmw WTRU performs
sliding window correlations using signature seguences corresponding to mbBs
and beams in the hist.

3. The method of cleim 1, further comprising:

generating a message including the N highest received mmW signal

strengths across the candidate mB and beam combinations and associated mB
and beam indices.

The method of ¢laim 1, further comprising:
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transmitting feedback information over at least one of a cellular link or
an mmW link as directed by the base station.

7. The method of claim 1, further comprising:

transmitting at least one of highest received mmW signal strength and
corresponding mB/beam indices, and highest received mmW signal strength

exceeding a predetermined threshold.

8. The method of ¢claim 1, further comprising:

detecting modulated beacons transmitted by mBs;

correlating the modulated heacons with a sliding window filter;

determining a specific m¥ and beam pair based on highest peak energy
on a condition that single stage modulation i1s used; and

determining beacon frame timing and specific beam identity on a

condition that multiple stage modulation is used.

g, A method, implemented at a base station, for millimeter wave
{mmW) beam acquisition, comprising:

obtaining millimeter wave (ImmW) WTRU (mmW WTRU)} information
over a cellular system, wherein the mmW WTRU information includes at least
cne of location, coarse timing and mmW capability at the mmW WTRU;

generating a candidate millimeter wave base station {mB) list using the
mmW WTRU information and at least distance eriteria;

transmitting the candidate mB list and mmW aceuisition start timing
information to the mmW WTRU and candidate mBs;

receiving N highest received mmW gignal strengths across the
candidate mB and beam combinations and associated mB and beam indices;
and

determining viability of mmW link based on the N highest received

mmW signal strengths and mB load status.
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16. The method of claim 9, wherein the candidate mB list considers
grouping of amW WTRUs with same mobility pattern as candidate mBs and

the base station.

11.  The method of claim 9, whereir: the candidate mB hist is ohtained

using historical data from a database.

12. The method of claim 11, wheremn a preferred beam list 1is
determined from at least one of the database, reported wmmW WTRU

orientation, mB leading condition, and quality of service.

13.  'The method of claim 9, wherein the candidate list is determined
based on at least ene of on line of sight (1LOS) mformation, and prior successful

connection.

14. The method of claim 9, wherein the candidate mB list is
determined using a predetermined filtering criteria to generate multiple
candidate mB lists, each of the multiple candidate mB hists corresponding to
different system connectivity scenarios that are filtered so that the hase
station can make a dynamic mmW candidate link selection corresponding to

instantaneous link status feedback.

15,  The method of claim 9, wherein the acquisition mode and
acguisition start time are specified in a number of mmW symbols relative to

the cellular system radio frames.

16.  The method of claim 8, further comprising:
transmitting beacon sequence information to the mB and mmW WTRU,
wherein the beacon sequence information ineludes one of beacon sequences or

a notification t¢ generate beacon seguences based on mB and beam 11,
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17. A method, implemented at a millimeter wave {(mmW)} base
station (mB}, for mmW beam acquisition, comprising:

receiving an mB configuration request from a base station including at
least an acquisition start timne and a preferred bear list; and

at the acquisition start time, transnmitting acquisition beacons on an
assigned mmW resource unit {mRU) using sequential beams as listed in the

preferred beam list.

18 The method of claim 17, wherein the acquisition beacons are
i

modulated by at least one of beam specific sequences and mB specific

sequences.

18, The method of clanim 17, wherein the acquisition beacons are
divided into parts and the parts are modulated by at least one of B specific
sequences and a combination of mB specific sequences and beam specific

sequences.

20. A wireless transmitfreceive unit (WTRU) configured for
millimeter wave (mmW) beam acquisition, comprising:

a transmitter configured o transmit millimeter wave (mmW) WTRU
{mmW WTRU) information over a cellular system to a base station;

a receiver configured to receiv a list of candidate mmW base stations
{(mB) including mmW acquisttion start timing information; and

a processor configured to calculate correlation wvalues around the

received mmW acquisition start timing information for the mBs in the list.
21.  The WTRU of claim 20, wherein the mmW acquisition start
timing information includes coarse tiroing information relative to the cellular

system timing.

22, The WTRU of clairn 20, wherein the receiver is configured to
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receive at least one of a number of beam sweeping repetitions, mB and beam
specific  indices corresponding to signature seguences, and resource

assignments for mmW WTRU reporting.

23.  The WTRU of claim 20, wherein the mmw WTRU performs
sliding window correlations using signature seguences corresponding to mbBs

and beams in the list,

24, The WTRU of claam 20, wherein the processor if configured to
generate a message including the N highest received mmW signal strengths
across the candidate mB and beam combinations and associated mB and beam

indices.

25. The WTRU of claim 28, wherein the transmitter is configured to
transmit feedback information over at least one of a cellular hnk or an mmW

link as directed by the base station.

26. The WTRU of claim 20, wherein the transmitter is configured to
transmit at least one of highest received mmW signal strength and
corresponding mB/beam indices, and highest received mmW signal strength

exceeding a predetermined threshold.

27, The WTRU of claim 20, wherein the processor is configured to:

detect modulated beacons transmitted by mBs;

correlate the modulated beacons with a sliding window filter;

determine a specific m¥ and beam pair based on highest peak energy on
a condition that single stage modulation 1s used; and

determine beacon frame timing and specific beam identity on a

condition that multiple stage modulation is used.
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28. A base station configured for millimeter wave (mmW) beam
acguisition, comprising:

a processor, a receiver and a transmitter;

the processor and receiver configured to obtain millimeter wave (immW)
WTRY (mmW WTRL) information over a cellular system, wherein the mmW
WTRU information includes at least one of location, coarse timing and mmW
capability at the mmW WTRU;

the processor configured to generate a candidate millimeter wave base
station (mB) list using the mmW WTRU information and at least distance
eriteria;

the processor configured to transmit the candidate mB list and mmW
acguisition start timing information to the mmW WTRU and candidate mBs;

the receiver configured to receiving N highest received mmW signal
strengths across the candidate mB and beam combinations and associated mB
and beam 1ndices; and

the processor configured to determine viability of mmW link based on

the N highest received mmW signal strengths and mB load status.

29. A millimeter wave {mmW} base station {mB) configured for mmW
beam acquisition, comprising:

a receiver configured to receive an mB configuration request from a
base station inciuding at least an acguisition start time and a preferred beam
list; and

a transmitter configured to, at the acguisition start time, transmit
acguisition beacons on an assigned mmW resource unit (mRU) using

sequential beams as listed in the preferred beam list.
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SIGNALING OF SYSTEM INFORMATION TO MTC-DEVICES

TECHNICAL FIELD
[01] The invention relates generally to system information in a wireless
communications system, and in particular to signaling of system information to

UEs (User Equipments), such as MTC-devices.

BACKGROUND

{02] Machine Type Communications (MTC or M2M) is expanding rapidiy and has
the potential to generate significant revenues for mobiie network operators. MTC
Devices are expected to outnumber voice subscribers by at least two orders of
magnitude. Some predictions are much higher. MTC enables machines to
communicate directly with one another M2M communication has the potential to
radically change the world around us and the way that people interact with

machines.

{03] As technology evolves, there are important changes in capabilities and
costs. More computing power, memory and communication capabilities make it
possibie for machines to perform some tasks which were previously performed by
human beings. The use of machines instead of human labor is often associated
with lower costs. increasing capabilities and lower costs together may open new
opportunities for revenue generating services, which were not previously provided

for economical reasons.

{04] MTC devices may be providing a wide variety of features. In the area of
home automation, the MTC devices may be providing sensor capabilities stich as,
sensing temperature, humidity, open/closed/locked doors or windows, energy
meters, waler meters and similar, as well as various actuators such as for {urning
on heaterfcooler, switching lights or pumps on/off, and similar applications related
to home and workplace automation. Another area that can use machine to
machine commiunication is security and surveillance related to homes and offices.
Various sensors such as motiorn sensors, smoke detectors, cameras, etc, are
connected to local or central security systerns, which in turn are connected to

actuators such as sirens, sprinkiers, speakers, etc. Another area is automotive
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where vehicles may include a wide range of different kind of sensors and actuates.
Another area is transportation and logistics where both iogistics centers as well as
vehicles for transportation may contain both sensors and actuators for tracking of
or creation of documents at certain toll gates. Material and goods may contain
sensors and/or actuators, for example to monitor or controi that certain guality

requirements are fulfitled, such as temperature or mechanical shock.

105] In afuture “Networked society” scenario, there is expected to be a very
large number of MTC devices in the wireless networks, as previously stated. Many
of the MTC devices will transmit relatively small amounts of uplink data rather
seldom, e.g. 100 bits once per hour. in LTE, there are plans of introducing a new
solution for so-called “enhanced MTC coverage” with a target to enabie MTC
communication in areas where no communication is possitsle as of today. The
target is formulated such as that the LTE link budget should be increased with
approximately 20 dB, as compared to what is supported with the legacy LTE
standard [3GPP Tdoc RP-121441]. Such a solution for enhanced MTC coverage is
expected to make LTE even more attractive for MTC type of solutions, since it
would imply that also MTC devices having very unfavorable radio conditions wouid
be enabled to communicate in an LTE network. That is, devices which would not
be able to communicate in an LTE network of today, herein called a “legacy”
network, due e.g. to unfavorabie radio conditions, could be able to communicate in
an LTE network supporting enhanced MTC coverage. However, it is not yet clear
how this improvement will be achieved. Further, it is not clear how MTC traffic and

e.q. legacy data traffic shouid be coordinated in such a system.

SUMMARY

{06]  The herein described technology enabies an efficient sharing of in-band
radio resources between a legacy LTE system and a system for extended
coverage, such as an implementation of enhanced MTC coverage described
above. Access parameters of the system for extended coverage can be changed
guickly by means of changing e.g. a synchronization signal transmitted by a hase
station and received by the extended coverage UEs. This method is usefui for

devices which support delay tolerant traffic and for which the extra overhead and
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compiexity that this method exhibits are not prohibitive. It is an optimization
method s0 as to allow devices with delay tolerant traffic to report their
measurenents in case the network is no longer congested e.g. by other high order

priority users.

{07] According to a first aspect, a method for updating system information is
provided, to be performed by a network node operable in a wireless
communication system. The method conprises transmitting systent information,
31, o one or more UEs, said S comprising muitiple aiternative sets, where each
set assigns different values to one or multiple radio system parameters. The
method further comprises determiining which set, out of the multipie alternative
sets, that should currently be applied for a UE, and further transmitting an S
selection signal to the UE, the 51 selection signal indicating the determined set,

thus enabling the UE to apply currently appropriate radio system parameters.

{08] According to a second aspect, a method for updating system information is
provided, to be performed by a UE operable in a wireless communication system.
The method comprises receiving St from a network node, said St comprising
muiltiple alternative sets, where each set assigns different values to one or multipie
radio system parameters. The method further comprises receiving an S{ selection
signal from the network node, the St selection signal indicating one of the
alternative sets. The method further comprises applying the set indicated by the Si
selection signail, thus enabling fast updating of system information in unfavorable

radio conditions.

{08] According to a third aspect, a network node is provided for updating system
information. The network node is operable in a wireless communication system
and comprises a transmitting unit adapted to transmit Si to one or more UEs, said
St comprising muitiple alternative sets, where each set assigns different values to
one or muitiple radio system parameters. The network node further comprises a
control unit adapted {o determine which set, out of the muitipie alternative sets,
that should currently be applied for a UE. The network node is further adapted to
transmit an Sl selection signai to the UE, the St selection signal indicating the

determined set.
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[310] According to a fourth aspect, a UE for updating system information is
provided. The UE is operable in a wireless communication system and comprises
a receiving unit, adapted to receive Si from a network node, said St comprising
multiple aliernative sets, where each set assigns different values {o one or muitiple
radio system parameters. The receiving unit is further adapted to receive an Si
selection signal from the network node, the Si selection signal indicating one of the
alternative sets. The UE further comprises an applying unit, adapted to apply the

set indicated by the S} selection signal.

BRIEF DESCRIPTION OF THE DRAWINGS

{311] The foregoing and other objects, feaiures, and advantages of the
technology disclosed herein will be apparent from the following more pariicular
description of embodiments as illustraied in the accompanying drawings. The
drawings are not necessarily to scale, emphasis instead being placed upon

iflustrating the principles of the technology disclosed herein.

Figure 1 shows signaling between a Base Station and a User Equipment in a

wireless communication system, according to an exemplifying embodiment.

Figure 2 tllustrates an exemplifying signaling scheme according to an exemplifying

embodiment.

Figure 3 is a flow chart iliustrating procedure in a BS, according to an exemplifying

embodiment.

Figure 4 is a flow chart illustrating procedure in a UE, according to an exemplifying

embodiment.

Figure 5 is a block chart, iliustrating a BS, according to an exemplifying

embodiment.

Figure 6 is a block chart, iliustrating a UE, according t0 an exemplifying

embodiment.

Figure 7 is a block chart illustrating an arrangement according to an exempiifying

embodintent.
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DETAILED DESCRIPTION

10127 Herein, it is referred to an extended coverage and an extended coverage
mode. By extended coverage is here meant an extension, such as the so-called
‘enhanced MTC coverage”, discussed it the LTE community, which will also be
further described beiow. The exiended coverage may herein alternatively be
denoted “deep coverage”. A device operating in an enhanced coverage mode may
herein be referred to e.g. as a “deep coverage UE”, or a “deep coverage MTC-
device”. in analogy, a service utilizing the enhanced coverage may herein be
denoted e.g. “deep coverage service”. An MTC device is considered to be, and will

be referred to, as a type of UE.

[013] The solution described herein is primarily, but not exclusively, related to
situations where a UE needs {o communicate in an extended coverage mode.
Communicating in an extended coverage mode is expecied to consume more time
and resources than communicating the same amount of information in a reguiar
comimunication mode, at least if the extended coverage is achieved by use of
repetition. in such a mode, it is expected that it will take a lot of time to receive e.g.
system information. In excellent radio conditions, a UE will not need to use an
extended coverage mode. The solutior is herein described mainly in the context of
MTC devices. since many MTC devices are expected to be located in places with
unfavorable radio conditions, and are therefore expected to communicate in an
extended coverage mode. However, there are examples where other UEs may
benefit from communicating in an extended coverage mode. The solution may e.g.

provide fong range extended area coverage in wilderness areas.

1014] In a system supporting extended coverage, there will be devices, e.g. MTC
devices, which communicate in an extended coverage mode, but there may also
be devices, e.g. smartphones or MTC devices, which do not support extended
coverage, or which do not use extended coverage mode for the moment. These
different devices shouid preferably be atile to co-exist in the network and share the
available resources. in such a scenario, it may be desired to control which devices
that should be allowed to communicate at a certain time, and which devices that

shouid not be allowed to communicate at that time. This may be achieved e.g. by
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updating certain parts of the system information (St} of the devices. System
information is information which enables a UE to access the network and to
operate properly within the network and within a specific cell. System information
is typically broadcasted repeatedly by a network. The system information includes,
among other things. information about the downlink and uplink cell bandwidths, the
uplink/downlink configuration in the case of T3, detailed parameters related to
randorri-access transmissions and uplink power control. The system information
further comprises so-called “cell barring information”, which is information

regarding e.g. whether a cell may be accessed or not.

{015] In case there is a temporary capacity problem in a cell it may be desired to
change the cell barring information for some devices. For example, it may be
desired to temporarily prevent devices that use a large number of resources for
transmitting a small number of bits, e.g. due to repetition, from using the cell
resources. However, it may also be desired to make exceptions from the
prevention, e.g. for very important information, or for devices of subscribers paying
a large amount of money for the delivery of their small number of bits. Thersfore it
may be desired to have a possibility to be selective when changing e.g. the cell

barring information.

{018] A coverage enhancement of 20 dB, as discussed for the “enhanced MTC
coverage”’, is equivalent to achieving a 100 times higher signal-to-noise ratio. To
achieve in the order of 20 dB coverage enhancements in LTE, multiple physical
channels and physical signals wili need to be improved. Since the required
improvements are so large, and since LTE is already very good, i.e. there is no
known flaw in LTE that can provide improvements anywhere near 100 times, it is
likely that repetition will be used to provide most of the required coverage
improvements. That is, the same information may need to be transmitted e.g. 100
times in order for a receiver to be able to decode the information correctly, due to
that the received signal is so weak. Current LTE signals cannot easily be repeated
approximately 100 times without conseqguences. Therefore, new signals may need

to be defined for this purpose
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10177 An outcome of the 3GPP work on enhanced coverage for MTC devices may
therefore be a new set of signals and physical charinels that are defined on top of
the existing legacy LTE signais and physical channels. The new set of signals and
channels may preferably be defined inside the data region of the current LTE
carrier. That way, existing legacy UEs will simply ignore the new signais and
channels, as they wili appear to be data directed to some other UE, which is, in

fact, the case, although the signaling format might be new.

[018] Assigning a separate set of radio resources, e.g. a frequency band, to be
dedicated for the deep coverage MTC terminals could become very costly.
Therefore, it is desirable that legacy services and deep coverage services are
enabled to co-exist on the same carrier. Jeep-coverage ULs, such as deep
coverage MTC devices, may consume a large armnount of radio resources while
generating very low income per device. During peak traffic hours those radio
resources are better used for e.q. normal, legacy, voice and mobile broadband
services, which generate belter incomes, and therefore it may be beneficiai to be
able to temporarily bar, i.e. exclude, some of the deep coverage traffic at those
times. But, since resources that are not needed by the legacy services at a given
point in time are wasted today, it would not cost much to assign such resources {o
deep coverage services, as iong as the resources can be efficiently shared with

legacy services.

{0187 Below, the deep coverage devices will be referred to as MTC devices. As
soon as the temporary capacity problem in a celi, as discussed above, is over, it
will be desired to quickly inform the temporarily barred MTC devices that they are
allowed back into the system again. However, changing the content of
broadcasted system information (S} normally takes a rather long time to perform.
The system information can be updated only at specific radio frames or
modification periods, as described in 3GPP TS 36.331 § 5.2.1.3. A sensible option
for the S1 modification period is that it should be at least higher than the maximum
DRX cycle of devices in the cell. Upon consideration that DRX cycles in the orders
of several minules for MTC are currently under discussion, an idea on the required

Si modification period can be obtained. Even under normal circumstances several
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paging intervals are required for such a process. For low-rate devices with
extremely poor link performance that are operating in an extended coverage
mode, such as a power meter in an indoor basemerntt, the reception of the system
information is also a problem. Receiving a large amount of updated system
information through a very poor radio link might require an extensive amount of
time consuming signai repetition. Thus, changing the system information to MTC
devices may take an even longer time, in comparison to Uks operating in a normal

mode. This is a problem which needs a solution.

1020} In state-of-the-art systems it is not possible to change the system
information fast enough. Ceil barring information may be quite extensive,
especially if it should be possible to differentiate the information such that different
users have different cell barring parameters. At the same time, traffic fluctuations
are happening at a millisecond time-scale. Therefore, there is a need for a new
way of changing parts of the systern information quickly and selectively. Herein, a

solution {o this problem s provided, which will be described in further detail below.

i021] Figure 1 shows an exemplifying embodiment of the solution. A base station
transmits system information to an MTC device in need of coverage enhancement
features, e.g. extensive repetition. The system information consists of an optional
semi-static part and at least two alternative parts, a first and a second part in this
example. That is, the system information, comprising different alternatives, is

provided to the MTC device.

{0227 It shouid pe noted that the base station may also transmiit other system
information to other users that are not shown in the figure. For example, the MTC
system information shown in the figure may be completely separated from the
‘normal” or “regular’ system information, which is not shown in the figure, directed
to and received by legacy UESs, which are not in need of coverage enhancement
features. Alternatively, a subset of the system information may coincide with the
regular system information. However, even in this case — due to difficult coverage
conditions for MTC devices - the signaling scheme for MTC devices may differ

from legacy procedures.
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1023} in order for the MTC device {o know which part of the optional system
informatior to apply, the base siatiors may also transmit an St selection signal to
the MTC device. The MTC device uses the Si selection signal to select which one
of the alternative system information (S} parts that currently applies. The MTC-
device should at some point have been made aware of which part of the &t
information that is indicated by a particular Si selection signal. Aiternatively, the
MTC-device could toggle between the aliernatives, or change to a consecutive Si-

part when detecling a change in St selection signal.

i024] In one embodiment ihis Si selection signal may be a synchronization signal
that is anyway transmitted from the base station to enable the MT( devices to
acquire time and frequency synchronization. Please note that this MTC
synchronization signal may be separate from the normai legacy synchronization

signals tranismitted to normal, non-extended coverage mode, legacy UEs.

[025] The S selection signal may alternatively be some other signal than the
synchronization signal, that is used also for other purposes, such as a
demodulation reference signal that is anyway transmitted from the base station. it
may aiso be a new signal designed explicitly for this purpose. The Si selection
signal may be signaled in different ways. For example, it may be signaled as an
information bit broadcasted over the whole coverage area or it may be sent only to
a single user or a specific group of users. The Si selection signal may consist of
orne or more bits, and may be part of a protoco! header, or, it may be transmitted

e.g. as part of a so-calied masier information block {MiB).

{026} In case the synchronization signal is used o communicate the Si selection
signal, it will be needed to consider the relation between the synchronization
sequence transmitted and the physical celf identity (PC1) of the base station.
Normally, the Pl has a one-to-one mapping towards the synchronization signal
waveform. Once a UE has detecled ihe synchronization signal, which in LTE Rel-8
corsists of a primary {PSS} and a secondary {SSS) synichronization signial, then it
also knows the physical cell {D of the cell. The PClis a locally unique identifier
used to identify the cell in signaling and measurement protocols, e.g. during

handover, but it is also wused {o derive a large number of celi specific signals,
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primarily upiink and dowrilink demodulatiors refererice signals. if the
synichronization signal waveform is to be used for indication of which system
information part that currently applies, then it is imporiant to clearly definre how the
MTC device should interpret a change of synchronization signal. Orne
interpretation that should be avoided is that the MT(C device thinks that the old cels
is lost and that a new cell has entered. This could trigger an unnecessary attach
procedure, where the MTC device tries to connect to the network via the cell
correspording to the newly found PCI. Instead, the MTC device should correctly
understand that the new synchronization signal corresponids to the same cell as
the old one. The MTC device may therefore keep its entire context in the base
station, e.g. transmit and receive buffers, radio bearer configurations, cell-radio

network temporary ideritifier (CRNTI}, etc.

{0277 One way to implemerit this is to de-couple the PC1 from the synchronization
signal for the MTLC devices that reguire extended coverage. This might be
beneficial if it is desired to avoid the risk of having celis associated with several
PCls in case separate synchronization signals are defined for legacy UEs and
extended coverage MTC devices. I order to enable an MTC device to use the
correct PC1 in signaling and measurement protocols, the PCH could be explicitly
signialed as part of the sysiem information targeting the extended coverage

devices.

{028] An alternative way is to design a severai-to-one mapping between
synchronization signals and the PCI. An MTC device may e.g. map the
synichronization signal index to the PCi using a moduio operatiors which removes
the ambiguity. In LTE the synichronization signal comprises two signals — the #3835
{Primary Synchronization Signa!}, which has 3 different alternative realizations;
and the SSS (Secondary Synchronization Signal}, which has 168 different
alternative realizations — and the cell {D is derived from their indices. Using such a
multi-stage sync signal the cell could be determined by only one signal {e.g. S8S}
and the Si selection signal could be the other signal, e.g. the PSS, which would

enable selection of 1 out of 3 §i alternatives reusing current LTE numbers.
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{028] The mapping may also be based e.g. on a table look-up, which couid be
fixed e.g. in the specification, grouping two or more synchronization signals {o a
PCI. it should be noted that it is not mandatory that an eguai number of
synchronizations signals map to each PGE The mapping table beiween
synchronization signal index and PCl may also be expiicitly signaled as part of the
system information targeting MTC devices. it should also be noted that the numbper

of synchronization signals may be increased compared {o current LTE standard.

{030] The exisience of more than one synchronization signalfseguence might be
hard coded at MTC devices, thus eliminating the risk of erroneous triggering of
“lost cell”, resulting in an unnecessary attach procedure, as indicated in the

paragraph above.

[031] Figure 2 shows another exampie of the herein suggested technology. The
base siation “BS” transmits system information to many or all MTC devices in an
extended coverage cell. At orie time instant a iow {oad is detected in the celi and
hence there is no need to restrict some or all of the MTC devices from accessing
the system. Therefore, as an example, the “Si selection signal 17 is transmitted.
The MTC device detects this signal and understands, e.g. by consuiting a mapping
table, that the corresponding “first alternative system information part” applies. The
MTC device may initiate one or more transmissions, illustrated as dashed line in
figure 2, while this first system information part is valid or appiied. At a later time
instarit, the base station detects a high load in the celi and it wants to restrict or
prevent some of the MTC devices from accessing the network. it therefore sends
out the "SI selection signal 2. The MTC device detects this signai and
understands that the corresponding “second aiternative system information part”
now should be applied instead. in this exampie the MTC device is not aliowed {o
initiate any transmissions when the second alternative system informatior part is
valid or applied. The MTC device aiso understands that this signai is transmiited
from the same network node as the old signai and that it {the MTC device} keeps

its entire context in the network node.

{032] The different alternative sysiem information parts, e.q. first and second part

as illustrated in figure 1, may also controf the rate at which the MTC devices send
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their reports. In a normal situation, corresponding to e.g. the first alternative
system information part, the MTC device may be allowed to access the network
according to its defauit configuration, which may be e g. once per 1§ minutes.
However, this rate may be reduced e.g. by a pre-defined fraction, when an
overioad situation occurs. For example, the MTC device may instead be allowed to
access the network once every 30 minutes or once every hour during the overload
situation. This new, reduced, configuration may be signaled or indicated to the
MTC device e.g. by the transmission of “Si selection signal 27, as illustrated in
figure 2. When applying a reduced access rate or frequency, the network can
inform MTC devices e g. to skip some of their upcoming measurement reports
altogether, or to postporie them so that they can be combiried into less frequent

transmissions containing several measurement reports each.

1033] Whnether to skip or to postporie individual measurement reports cari e.g. be
configurable by RR(C signaling or indicated through the choice of synchronization
signal. The latter case may reguire that additional synchronization signals are
defined. it could be determined in advance or on the fly based on different factors,
e.g. the priority of the data or on UE subscription information. For exampie, when
the access restrictions apply, it may be desired to allow certain types of
information without delay, e.g. different kinds of alarms, while other information,
e.g. electricity meter readings, cari either be skipped altogether or reported with
reduced periadicity, where the reports with reduced periodicity could possibly, as
already mentioned, contain measurement reports from more than one

measurement occasion.

1034] The system information can either be transmitted via broadcast or dedicated
transmission. Transmission via broadcast has the merit of reduced overhead when
the system is fully loaded, while dedicated signaling has the merit of aliowing for
more flexible configurations, e.g. as when some important MTC devices should be
allowed to transmit despite high load. Such important MTC devices could e.g. be
configured with muitiple identical alternative Si alternatives or just a singie one,
which must then always be used, independent of the S! selection signal. Thereby,

such MTC devices could have e.g. a high access rate even when using broadcast
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of different Si selection signals. Further, this en/eff greuping dedicated signaling
allews a mere fine granular appreach, e.g. that seme MTC devices are net allowed
to transmit at all during high ioads, some MTC devices are allowed te transmit with
reduced periedicity during high loads, and seme MTC devices are not impacted at
all. Te avoid the high overhead asseciated with dedicated signaling the “baseline”,
where “baseiine” here refers to that it is valid fer many er most M1Cs, system
information configuratien, including the baseline alternative sets, may be
broadcasted, and “deviating”, referring te “valid for few” er “exceptions te the
baseline versien”, MTC behavier may be signaled te cencerned MTC devices via

dedicated signaling

[0358] The new Sl and Si Selection Signals, according o embaodiments of the
herein presented solutien, directed te MTC devices, can be transmitted in the
same time and frequency reseurces as used feor the current, legacy, Sl and SiBs,

and they can be separated e.g. by using different codes for the different signals.

{0361 The herein described method and messages may be appiied fer MTC
devices whese traffic can telerate delay. information en the traffic type supported
by different MTC devices can be previded te the netwerk accerding to the prior art.
The methed and signaling siructure described herein may be supported e.g. by
devices which can handie the extra energy consumptien which may be needed for
reading the extra Sl related messages and for using mere than one

synchrenizatien seqguernces.

[037] As previeusly mentioned, even though the solution herein is primarily
described for MTC devices, other types of UEs could also use and benefit from the
selutien. Fer example, in very large cells, where a UE, such as a smartphone,
could have problems with initial access due te that the UE signals do not reach the
base station, the UE could use an extended coverage procedure for accessing the
cell. When having accessed the cell, and e.g. when more data needs to be
transmitted in the uplink, beamforming ceuld be used to enable regular

cemmunicatien between the LIE and the base station.
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{038] In a general manner, the herein suggested soiution couid be described as a
first radiio communication node transmitting system information, Si, to a second
radio communication node, where the system information contains muitipie,
alternative, sets, where each set assigns different values to one or multiple radio
system parameters. For example, the one or muitiple radio system parameters
could be access related parameters such as cell barring information, whiie other
staies and parameters remains unaffected when applying a different Si set. Such
other states and parameters could be related to e.g. UE context, CRNTI, system
bandwidth etc. Embodiments of the herein suggested solution may further
comprise that a radio communication node {the first transmitiing node, or another}
transmits a signal, which may be denoted an “Si selection signal’, indicating the
set currently applicable in the radio communication system. The second radio
communication node may receive the S, including the muitipie alternative sets,
and may then receive the signal indicating the currently applicable set. Based on
the received signal, the second radio communication node may determine which
set to apply. The first radic communication node may be a base station such as an
eNB, and the second radio communication node may be a UE, such as an MTC-
device, e.g. located in a basement in a building The Si selection signal may be a
synchronization signal, which may be dedicated to MTC devices, or be a signai
which is directed both to legacy UEs and to UEs operating in an extended.

coverage mode

1039} The S1is assumed to be fransmitted, or otherwise provided, to devices very
seidom, or at ieast be received by the MTC devices very seidom, e.g. once at
setup and then possitly when the whole or paris of the Si information need to be

replaced due to some major change.

{0407 An exemplifying procedure in a network node, such as an eNB inan LTE
network, is tliustrated in figure 3a. The network node is operabile to support an
extended coverage mode, such as an implementation of “enhanced MTC
coverage”, as described above. The network node transmits S to one or more
UEs in an action 301. The UEs also support the extended coverage mode. The Si

comprises at least one part for which a number of alternatives are provided. That
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is, the Si comprises multiple alternative sets, where each set assigns different
values to one or multiple radio system parameters. The network node then
determines 303 which set, out of the muitipie alternative sets, that shouid currently
be applied for a UE. This action could, for example, be implemented by the two

actionis 303:1 and 303:2, as iilustrated in figure 3b, which wiil be further described

below.

[041] The network node then transmits an St selection signai to the UE, where the
St selection signal indicates the determined set, in accordance with the
determining in the action 303. Thereby, the UE is enabled to apply currently
appropriate radio system parameters, i.e. the parameters in the determined

system information set.

{0421 The UEs could be MTC devices, stich as power meters or alarm sensors,
but could alternatively be e.g. smartphones, tablets, computers or other devices,.
The UEs could be experiencing unfavorabie radio conditions, and be in need of
features associated with the extended coverage mode, such as e.g. extensive
repetition. The S§i could be broadcasted or transmitted in a dedicated manner, as
previously described. The part or parts of the §i for which alternative sets are

provided may be reiated to different things, which will be further described below.

{043] The determining of which set, out of the multipie alternative sets, that shouid
currently be applied for a UE could be performed in different ways. For example,
the network node could determiine the current load in a cell associated with the
network node. The determined cell load could be compared with a threshold vaiue,
representing a boundary e.g. between a load defined as high load, and a load
defined as normal load. Depending on the comparison, it could be determined
whether the current ioad is e.g. “high” or “normal”, and a set, out of the pluraiity of
alternative sets, corresponding to the determined current conditions could be
determined or identified, and be indicated to a concerned UE via the associated St
selection signal. The Si selection signal could be implemented or realized in

different ways, as previously described.
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{044] For example, at one point in time, the load may be determined by the
network node to be “high”. The network node then selects aiternative St set_2,
which is to be used by a certain type of UE during high load. “Certain type of UE”
couid refer e.g. to a iow priority MTC device. The Sl selection signal associated
with, and indicating, alternative Sl set_Z is then transmitted to a UE, which is of the
certain type. At a later point in time, the load in the cell may have changed, and be
determined to be “normal”. Then, at normal load, there may be another set out of
the alternative sets that shouid be applied for UEs of the certain type, e.g.
aiternative Siset_1. Then, the Sl selection signal associated with, and indicating,
alternative Si set_1 may be transmitted to the UE. The transmiiting of different Si
selection signais based on the determined joad in the celi is illustrated as actions
304 and 305 in figure 3b. There may be more than two aiternative Sl selection
signals and aiternative St sets. The decision criterion may aiso be different than

the example given in figure 3b.

{0451 The one or muitiple radio system parameters may be related to cell access.
That is, the systern parameter comprised in the aiternative sets may control e.qg.
whether the UE is allowed to access a cell or not, or to which extent the UE is
allowed to access the cell. For example, the one or muitiple radio system

parameters may be related to so-called cell barring.

{0468] The Sl selection signal may be a synchronization signal. By synchronization
signal is meant a reference signai or sequence which is used by UEs for
synchronization. it could be a synchronization signal which is used for
synchronization by iegacy UEs and/or by UEs, such as MTC devices, which are in
need of an extended coverage mode. Alternatively, one or more dedicated signais

could be used as St selection signals.

{0471 A procedure for updating system information, performed by a UE is
flustrated in figure 4. The UE may be e.g. an MTC device or a smartphore, which
supports and is operable in an extended coverage mode, such as an
implementation: of so-calied “enthaniced MTC coverage”. System Information, Si is
received 401 from a network node. The Sl comprises muitipie alternative sets,

where each set assigns different values to one or muitiple radio system
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parameters. Further, an

Si selection signal is received 402 from the network node. The Si selection signal
indicates one of the alternative sets. Then, the UE applies 404, 405 the set, out of
the multipie aiternative sets, which corresponds to the St selection signal.
Thereby, fast updating of system information is enabled. aiso in unfavorable radio

conditions.

{0487 The Si, may be received from a base station over an air interface.

Alternatively, the St and the associated alternative parts thereof may be provided
to the UE in some other way, e.g. during instaliation using e.g. a portable storage
device, such as a USB memory. The received Si may be stored in the UE, e.g. in

a memory.

{0491 The receiving of the S| may take a long time, e.g. when the UE is located in
unfavorable radio conditions. For example, if the extended coverage mode relies
on repetition, the S1 may need to be received e.g. 100 times for the UE to be able
to decode it correctly. The Si selection signal may aiso need to be received a large
number of tirnes for the same reasons, but since the Sl selection signal only
comprises a fraction of the amount of data as compared to the St information, the

time is takes to receive the Sl selection signal is smail in comparison.

{050] The applying of the set indicated by the Si selection signal may comprise
determining which aiternative St set that is indicated by the received St selection
signal. This determining may comprise use of a mapping table or other
interpretation scheme stored in, or at ieast accessibie to, the UE. The mapping
table couid be provided to the UE e.g. as part of the received Si or in some other
therefore suitable way. At a later time instant, the UE may receive a second Si
selection signal, indicating that another one of the alternative Si sets of the
received Si should be used, instead of the one determined/selected based on the
received first Si selection signal. The UE may then determine, based on the
second Si selection signal, which alternative St set that should be applied. This
applying of different St sets based on the Si selection signal is illustrated as
actions 404 and 405 i figure 4. it should be roted that there may be more than

two alternative St selection signals and sets.
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{051] As described above, the one or muitiple radio system parameters may be

related o ceil access, such as ceil barring.

{052} The &! selection signal, which may be e.g. a synchronization signal, has

been described above, and will therefore not be described in more detail here.

[053] Embodinments described herein also relate to a network node operabie in a
wireless communication systent. The network node is adapted to perform at least
one embodiment of the method described above. The network node is associated
with the same technical features, objects and advantages as the method
described above. The network node will be described in brief in order to avoid

unnecessary repetition.

{054] Below, an exempilifying network node, 501, adapted to enable the
performance of the above described procedure in a network node, will be
described with reference to figure 5. The network node supports an extended
coverage mode such as an impiementation of the enhanced MTC coverage mode

described above.

{055] The part of the network node which is most affected by the adaptation to the
herein described method is liusirated as an arrangement 501, surrounded by a
dashed line. The network nade could be a base station such as an elNB inan LTE
communication system. The network node 500 and arrangement 501 is further
itlustrated as to communicate with other entities via a communication unit 502
which may be regarded as part of the arrangement 501. The communication unit
comprises means for communication, such as e.g. a receiver 508 and a
transmitter 508, or a transceiver. The communication unit may ailternatively be
denoted “interface”. The arrangement or network node may further comprise other
functional units 507, such as e.g. functional units providing reguiar eNB functions,

and may further comprise one or more storage units 508.

1056} The arrangement 501 couid be implemented e.g. by one or nmore of: a
processor or a micro processor and adequate software and memory for storing

thereof, a Programmable Logic Device (FLD) or other electronic componeni(s} or
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processing circuitry configured to performt the actions described above, e.g. in any

of the figures 3a-3b.

{057] The arrangement part of the network node may be impiemented and/or
described as follows:

The network node comprises a transmitting unit 503, adapted to transmit system
information, Si, to one or more UEs, said $1 comprising muitipie aiternative sets,
where each set assigns different values to one or multiple radio system
parameters. The network node further comprises a control unit, 504, adapted to
determine which set, out of the muitiple aiternative sets, that should currently be
appiied for a UE. The controi unit, or some other unit in the arrangement, is further
adapted to transmit an Sl selection signal to the UE, the Si selection signal
indicating the determined set. The term “transmit” also covers triggering

transmission of the St selection signal.

[058] As described above, the orie or muitipie radio system parameters may be
related to ceil access, e.g. to cell barring. Further, the Sl selection signal may be a

synchronization signal, as previously described.

[058] Embodiments described herein also relate to a UE operable in a wireless
communication system. The UE is adapted to perform at ieast one embodiment of
the method described above. The UE is associated with the same technical
features, objects and advantages as the method, performed by a UE, described
above. The network node will be described in brief in order to avoid unnecessary

repetition.

1060] Below, an exemplifying UE 801, adapted to enable the performiance of the
above described procedure performed by a UE will be described with reference to
figure 6. The UE 600 is operable in a wireless communication system. The UE
supports an extended coverage mode, such as an implementation of the

enhanced MTC coverage mode described above.

{061] The part of the UE which is most affected by the adaptation to the herein

described method is illustrated as an arrangement 604, surrounded by a dashed
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fine. The network node could be a UE such as an MTC device or a smartphone in
an LTE communication system. The UE 600 and arrangement 601 is further
iHlustrated as to communicate with other entities via a communication unit 602
which may be regarded as part of the arrangementi 601. The communication unit
comprises means for commiunication, such as e.g. a receiver 609 and a
transmitter 608, or a fransceiver. The communication unit may alternatively be
denoted “interface”. The arrangement or Uk may further comprise other functionai
units 807, such as e.g. functional units providing regular UE functions, and may

further comprise one or more storage units 606.

{062] The arrangement 601 could be impiemented e.g by one or more of: a
processor or a micro processor and adequate software and memory for storing
thereof, a Programmable Logic Device {(PLD) or other electronic component({s} or
processing circuitry configured to perform the actions described above, e.g. in

figure 4.

1063] The arrangement part of the UE may be implemented and/or described as
foilows:

The UE comprises a receiver unit 603, adapted to receive system information, Si,
from a network node, said Si comprising multipie alternative sets, where each set
assigns different values to one or muitiple radio system parameters, and further
adapted to receive an Si selection signai from the network node, the Si seiection
signal indicating one of the alternative sets. The UE further comprises an applying

unit 605, adapted to apply the set indicated by the Si seiection signal.

{064} As described above, the one or muitiple radio system parameters may be
related to cell access, e.g. to cell barring. Further, the $i selection signai may be

e.g. a synchronization signal, as previously described.

{065] The UL may further comprise a determining unit 604, which couid
alternatively be denoted “selecting unit” and/or “identifying unif”. The determining
unit may be adapted to determine which Si selection signal that has been
received, and which set, of the multiple alternative sets of 5§, that should be

applied, based on the received i selection signal. The determining could be
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based on different things, such as a mapping table or other decision scheme,
stored in the UE, as previously described. Alternatively, the applying unit could be

adapted to perform this step.

{0867 Figure 7 schematicailly shows a possible embodiment of an arrangement
700, which also can be an alternative way of disclesing an embodiment of the
arrangement 501 or 601 illustrated in any of figures & or 6. Comprised in the
arrangenient 700 are here a processing unit 706, e.g. with a D&F {Digitai Signal
Processer). The processing unit 706 may be a single unit or a plurality of units to
perform different actions of procedures described herein. The arrangement 700
may also comprise an input unit 702 for receiving signals from other entities, and
an output unit 704 for providing signai(s} to other entities. The input unit 702 and

the cuiput unit 704 may be arranged as an integrated entity.

{0677 Furthermore, the arrangement 700 may comprise at least one computer
program product 708 in the formt of a non-volatile or volatile memory, e.g. an
EEPROM (Electrically Erasable Programmable Read-Only Memory), a flash
memory and/or a hard drive. The computer program product 708 may comprise a
computer pregram 710, which comprises code means, which when executed in
the processing unit 706 in the arrangement 700 causes the arrangement and/or a
node in which the arrangermient is cornprised te perform the actions e.g. of the

procedures described earlier in conjunction with figure 3a, 3b or 4.

{088] The computer program 710 may be configured as a computer program code
structured in computer program moduies. Hence, in an exemplifying embodiment
for use in a network node, the code means in the computer program 710 of the
arrangement 700 comprises a transmitter module 710a for transmitting System
information. The computer program 710 may further comprise a determtiring
module 710b, for determining a cell load. The computer program 710 further
comprises a selecting module 710¢, for selecting or determining which set out of
multiple sets related to the Si, te apply, e.g. based on the cell lead, and thereby
determining, which Si selection signal to transmit to a UE. The computer program

may further comprise additional computer program modules 710d, adapted to
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provide some or all of the different actions of the embodiments described above in

conjunction with the procedure in a network node.

[068] A corresponding arrangement in a UE could be described in a similar
manner, with the necessary changes made, which changes may be derived from

other parts of this document.

{07C] The modules 710a-c could essentially perform the actions of the flow

itlustrated in figure 3a or 3b, to emulate the arrangement 501 illustrated in figure 5.

{071} Although the code means in the embodiment disclosed above in conjunction
with figure 7 are implemented as computer program nioduies which when
executed in the processing unit causes the decoder to perform the actions
described above in the conjunction with figures mentioned above, at least one of
the code means may in alternative embodiments be implemented at least paitly as

hardware circuits.

{072] The processor may he a single CPU {Central processing unit), but could
also comprise two of more processing uniis. For example, the processor may
include general purpose microprocessors; instruction set processors and/or
related chips sets and/or special purpose microprocessors such as ASICs
{Application Specific integrated Circuit). The processor may also comprise board
memory for caching purposes. The computer program may be carried by a
computer program product connected to the processor. The computer program
product may comprise a computer readable medium on which the computer
program is stored. For example, the computer program product may te a flash
memory, a RAM {Random-access memory) ROM (Read-Oniy Memory) or an
EEPROM, and the computer program modules described above couid in
alternative embodiments be distributed on different computer program products in

the form of memories within the network node or within the UE.

[073] The above description of various embodiments of the herein suggested
technology, while not limited to use in LTE systems, may be read and understood

in the context of the existing 3GPP standards and revisions thereto, and may be
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understood to reflect adaptations of well-known physical structures and devices to

carry out the described technigues.

{074] Examples of several embodiments of the herein suggested technology have
been described in detail above. Those skiiled in the art will appreciate that the
herein suggested technology can be impiemernited in other ways than those
specifically set forth herein, without departing from essential characteristics of the

suggested technology.

{0751 The solution suggested by the inventors is herein mostly described in terms
of EPS/LTE. It should, however, be noted that the general concepts of the solution
are applicable also at least to UMTS/WCDMA/HSPA and other systems having an
extended coverage mode to support e.g. MTC devices in unfavorable radio

conditions.

[078] Itis to be understood that the choice of interacting units or modules, as well
as the naming of the units are only for exemplifying purpose, and riodes suitable {o
execute any of the methods described above may be configured in a plurality of

alternative ways in order to be able {0 execute the suggested process actions.

[077] It shouid also be noted that the units or modules described in this disclosure

are to be regarded as logical entities and not with necessity as separate physicai

entities.

ABBREVIATIONS

3GPP 3" Generation Partnership Project
BS Base Station, e.g. eNB

C-RNTI Cell Radio Network Temporary identifier
eNB,

eNodeB evolved {E-UTRAN) NodeB

EPS Evolved Packet System

E-UTRAN Evolved UTRAN

HSPA High Speed Packet Access

LTE Long Term Evolution
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CLAIMS

1.

N

6.

Method for updating system information, performed by a network node in

a wireless communication system, the method comprising:

-transmitting system information, S, to one or more User

Equipments, UEs, said S| comprising multiple aliernative sets, where
each set assigns different vaiues {0 one or muitipie radio system
parameters;

-determining which set, out of the muitiple aiternative sets, that should
currently be applied for a UE;

-transmitting an Si selection signal to the UE, the Si selection signa
indicating the determined set,

thus enabling the UE to apply currently appropriate radio system

parameters.

Method according to claim 1, wherein the one or muitiple radio system

parameters are related to cell access.

Method according to claim 1 or 2, wherein the one or muitipie radio

system parameters are related to celi barring.

Method according to any of the preceding claims, wherein the Si selection

signal is a synchronization signal.

Method according to any of the preceding claims, wherein the Uk is a

Machine Type Communication, MTC, device.

Method for updating system information performed by a User equipment,

UE, in a wireless communication system, the method comprising:

~receiving system information, Si, from a network node, said Si
comprising multiple alternative sets, where each set assigns different
values to one or muitiple radio system parameters;

-receiving an Si selection signal from the network node, the St

selection signal indicating one of the alternative sets;

IPR2022-00468
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-applying the set indicated by the Si selection signal,

thus enabiing fast updating of system information.

4

Method according to ciaim 6, wherein the one or multiple radio system

parameters are reiated to celt access.

8. Method according to claim 6 or 7, wherein the one or muttipie radic

system parameters are related to ceil barring.

9. Method according to any of claims 6-8, wherein the Si selection signal is a

synchronization signa.

10.  Method according to any of any of claims 6-8, wherein the UE is a

Machine Type Communication, MTC, device.

11. Network node for updating system information, being operable in a

wireless communication system, the network node comprising:

-a transmitting unit {503}, adapted to transmit system information, S,
to one or more User Equipments, UEs, said S comprising muitiple
alternative seis, where each set assigns different vaiues to one or
multiple radio system parameters;

-a control unit (504}, adapted to determine which set, out of the
multiple alternative sets, that should currently e applied for a UE;
and further adapted to transmit an Si selection signal to the UE, the

Si selection signal indicating the determined set.
12. Network node according tc claim 11, wherein the cne or multiple radic

system parameters are related to cell access.

13. Network node according to claims 11 or 12, wherein the one or muitipie
radio system parameters are related to celi barring.

14, Network node according to any of claims 11-13, wherein the Si selection

signal is a synchronization signal.

IPR2022-00468
Apple EX1016 Page 707



WO 20347171868 PCT/SE2013/030745

15 User Eguipment, UE, for updating systermn information, being operable in

a wireless communication systemn, the UE comprising:

-a receiving unit {803), adapted to receive systemn information, S,
from a network node, said Si comprising muiltipie alternative sets,
where each set assigns different values o one or multiple radio
system parameters; and further adapted to receive an St selection
signal from the network node, the Sl selection signal indicating one of
the alternative sets; and
-an appiying unit (605), adapted to apply the set indicated by the Sl
selection signal.

18.  User Equipment, UE according to claim 15, wherein the one or multiple

radio system parameters are related to celi access.

17.  User Equipment, UE according to claim 15 or 16, wherein the one or

muitiple radic system parameters are reiated to celi barring.

18, User Equipment, UE according to any of claims 15-17, wherein the Si

selection signal is a synchronization signal.
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Notice

This transiation is machine-generated. it cannot be guaranieed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commerciaily relevant or
financial decisions, should not be based on machine-transiation output.

DESCRIPTION RU2419213C2
16 METHOD AND SYSTEM FOR PROVIDING FEEDBACK FOR BEAM FORMATION IN
WIRELESS COMMUNICATION SYSTEMS

[0001]

15 This application claims priority in accordance with US Provisional Application No. 80/ 816,988
entitled "METHOD AND SYSTEM FOR PROVIDING BEAMFORMING FEEDBACK IN
WIRELESS COMMUNICATION SYSTEMS®, filed 27 June 2008, assigned to the assignee of
this application and incorporated herein by reference.

[0002]

22 State of the art

[0003]

26 Technical field to which the invention relates

[0004]

a0 The present disclosure relates generally to the field of communications, and more specifically to
technigues for transmitting feedback information for beamforming in wireless communication
systems.

[0005]

36 Description of the prior art
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[0008]

40 In a wireless communication system, a transmitter may use multipie {T) transmit antennas to
transmit data to a receiver equipped with multiple (R} receive antennas.

4z The multiple transmit and receive antennas form a multiple~-input muitiple-output {MIMC}
channel that can be used to improve throughput and / or improve reliability.

44 For example, a transmitter can transmit up to T data streams simultaneously via T transmit
antennas to improve throughput.

16 Alternatively, the transmitter can transmit a single data stream across all T transmit antennas to
improve receiver reception.

[0007]

51 Good performance {eg good throughput) can be obtained by transmitting one or mors
beamforming data streams.

53 For beamforming, the transmitter can obtain a channel estimate for the MIMO channel, derive
steering matrices based on the channel estimate, and perform spatial processing on the
transmission using steering matrices.

s6 1he transmitter can obtain the channel estimate in several ways, depending on the duplexing
scheme used by the system and the capabilities of the transmitier and receiver.

sg it is desirable to maintain beamforming with as little complexity as possibie for both the
transmitter and receiver.

[0008]

83 The essence of the invention

[0009]

s7 Beamforming support technologies for stations in wireless networks are described herein.

s8 In one aspect, a station can support implicit feedback or explicit feedback beamforming, being
able to transmit and receive sounding frames, respond o a test request by transmitting a
sounding frame, and respond {o an explicit feedback reqguest.

71 implicit feedback and explicit feedback are two ways to obtain MIMO channel information and
are described below. The station must be able to perform implicit or explicit beamforming with
another station with the same capabilities.

10010]

77 in ancther aspect, a station can perform beamforming using explicit feedback and zero data
burst (NDP) sounding.
zs The station can transmit the first frame with a request for explicit feedback and can also transmit

24-11-2020 2 IPR2022-00468
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an NDP having at ieast one test field but no data field. The station can receive the second frame
with explicit feedback, which can be derived from the NDP. The station may output control
information {eg, steering matrices) based on explicit feedback and may then transmit a
controlled beamforming frame based on the control information.

10011]

87 In yet another aspect, a station can perform implicit feedback beamforming and NDP sounding.
The station may transmit the first frame with a test request and may receive an NDP in
response.

gs The station may output control information based on the NDP and may then transmit a
controlled beamforming frame based on the control information.

10012]

g5 In yet another aspect, a station can perform bi-directional beamforming with implicit feedback
and NDP sensing.

g7 The station can transmit the first frame with the test request and can aiso transmit the first NDP
either before or after the first frame. The siation may receive the first controlied beamforming
frame based on the first control information that may be derived from the first NDP. The station
may also receive the second NDP in response to the {est request and may output the second
control information based on the second NDP. The station may then transmit a second steered
beamforming frame based on the second control information.

10013]

106 T he station can also perform MPDU sensing beamforming, which uses frames having both test
fields and data fields.

08 Such a frame can carry a data unit (MPDU) in accordance with a medium access control
{(MAQC) protocol. Various aspects and properties of the disclosure are described in more detall
below.

10014]

114 Brief Description of Drawings

10015]

118 Figure 1 shows a wireless communication network.

[0016]
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122 On figa, 28 and 3C shows three PPDU formats in accordance with {EEE 832.11n.

[0017]
126 3 shows a MAC frame format according o 1EEE 802.11n.

[0018]

130 4 shows unidirectional explicit beamforming with NDP sensing.

[0019]

134 & shows implicit unidirectional beamforming with NDP sensing.

[0020]

133 6 shows impiicit bi-directional beamforming with NDP sensing.

10021

142 7 shows unidirectional explicit beamforming with MPDU sounding.

[0022]

146 8 shows implicit unidirectional beamforming with MPDU sounding.

[0023]

156 Figure 9 shows impilicit bidirectional beamiorming with MPDU sounding.

[0024]

154 10 shows a calibration with NDP sensing.

[0025]
158 Figure 11 shows the MPDU probed calibration.

[0026]

162 12 shows a calibration with simuitaneous sensing of NDP and MPDUL
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[0027]
166 13 shows a control frame for transmitting channel state information {CS8i) on a feedback
channel.

[0028]

171 14 and 15 show beamiorming by a station.

10029]

75 Figures 18 and 17 show explicit beamforming with NDP sensing.

10030]

17¢ Figures 18 and 18 show implicit beamforming with NDF sensing.

[0031]

183 Figures 20 and 21 show bi-directional implicit beamforming with NDP sensing.

[0032]

187 Figures 22 and 23 show a calibration with NDP sensing.

10033]

191 Figures 24 and 25 show 81 feedback transmission for calibration.

10034]

195 Fig. 26 shows a block diagram of two stations.

[0035]

199 Detailed description of the invention

[00386]

203 The technologies described here can be used in a variety of wireless networks and systems
such as wireless local area networks (L ANs}, wireless metropolitan area networks {WMANSs),
wireless regional area nefworks {(WWANSs), efc.
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206 The terms "networks” and “systems” are often used interchangeably.

[0037]

216 Any of the radio technologies from the IEEE 802.11 family of standards, Hiperlan, eic. can be
implemented in WLAN,

212 WMAN can implement the IEEE 802.18 standard, etc.

213 WWAN may be a cellular network, such as a code division multiple access (CDMA) network, a
time division mutltiple access (TDMA) network, a frequency division multipie access (FDMA)}
network, an orthogonal FDMA network (OFDMA}, an FDMA network single carrier {SC-
FDMA), etc.

217 For clarity, certain aspects of the technologies are described below for a WLAN that
implements the [EEE 802.11n standard.

[0038]

222 The IEEE 802.11n standard uses Orthogonal Freguency Division Multiplexing (OFDM), which
is a modulation technology that partitions the bandwidth of a system into multiple (K}
orthogonal subcarriers.

235 For operation within 20 MHz, in accordance with {EEE 802.11n, a total number of K = 64
subcarriers is defined using OFDM and assigned indices from -32 to +31.

227 The total number of 64 subcarriers includes 52 data subcarriers with indices {1 ..., 6, 8 ..., 20,
22 ..., 28} and four pilof subcarriers with indices % {7, 21}.

228 The DC (direct current} subcarrier with index { of the remaining subcarriers is not used.

235 For operation in the 40 MMz band in accordance with IEEE 802.11n, the total number of
subcarriers K = 128 with indices from -64 to +63 is determined, and they include 108 data
subcarriers with indices + {2, 10, 12, 24, 26 ..., 52, 54 ..., 58} and six pilot subcarriers with
indices + {11, 25, 54}.

234 IEEE 802.11n also supports MIMO transmission over multiple fransmit antennas to multiple
receive antennas.

236 lEEE 802.11n is described in IEEE PB02.11n ™ / D1.0 entitled "Part 11: Wireless LAN Medium
Access Control {MAC) and Physical Layer (PHY} specifications: Enhancements for Higher
Throughput® dated March 2006 and in IEEE P802. 11n ™ / D2.00 entitled "Part 11: Wireless
LAN Medium Access Controt (MAC) and Physical Layer (PHY ) specifications: Amendment:
Enhancements for Higher Throughput” dated February 2007.

[0039]

244 1 shows a wireless network 100 with an access point 110 and muitiple stations 120.

245 In general, a wireless network can include any number of access points and any number of
stations.

27 A station is a device that communicates with another station over a wireless medium / channel.
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243 A station may alse be called a terminal, mobite station, user equipment, subscriber unit, elc.,
and may contain some or all of their functions.

250 The station can be a cell phone, portable device, wireless device, personal digital assistant
{PDA}, laptop, wireless modem, cordiess telephone, and so on.

252 An access point is a station that provides access to services distributed over a wireless
medium for stations associated with that access point.

254 An access point may also be called a base station, base transmitting station (BTS), Node B,
etc., and may contain some or all of their functions.

256 Stations 120 can communicate with access peoint 110 and / or with each other using peer to
peer communication.

253 The access peint 110 can be connected to the data network 130 and can communicate with
other devices via the data network.

260 Data network 130 may be the infernet, intranet, and / or any other wired or wirgless network.

10040]

264 The technologies described herein can be used for MIMO transmission on the downlink, uplink,
and peer o peer.

266 For downlink communication, access point 110 can be a transmitter and station 120 can be
receivers.

268 For uplink data transmission, stations 120 can be transmitters and access peoint 110 can be a
receiver.

27 In peer-to-peer fransmission, one of the stations 120 may be a fransmitier and the other station
120 may be a receiver,

[0041]

275 A MIMO channel formed by muitiple {T} transmit antennas at a transmitter and muitiple (R}
receive antennas at a receiver may be characterized by an Hk matrix of R x T channeis for
each subcarrier k or each subcarrier group of interest.

278 The channel matrix Hk can be diagonalized by performing an eigenvalue decomposition of the
correlation matrix for Hk as foliows.

[0043]

283 where Rk is the T = T correlation matrix for Hk,

[0044]

287V
288 K is a unitary T x T matrix whose columns are eigenvectors Rk,
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[0045]

282 A
zs3kis a T = T diagonal matrix of eigenvalues of Rk, and

[0046]

2s7 "H" denotes the result of conjugate transposition.

(0047

s01 The unitary matrix VK is characlerized by the property VH K

302V

303k = |, where | is the identity matrix.

a0¢ The columns of the unitary matrix are orthogonal {o each other, and each column has unit
cardinality.

308 VK is also called a beamiorming matrix.

a0z The diagonal matrix Ak contains possible nonzero values along the diagonal and zeros
elsewhere.

a0s Diagonal elements Ak are eigenvalues representing the power amplification factors of the
eigenmodes Rk.

[0048]
214 The transmitter {or beamformer) can perform beamicrming transmit spatial processing for the
receiver {or beamiorming receiver} as follows:

[0049]
zis Lvl. {2)

[0050]

222 where xK is a vector of up to 7 data symbols intended for transmission of subcarrier k,

[0051]
327 Q
322 K is a steering matrix for subcarrier k that can be derived based on VK, and

[0052]
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3322
233 K is a vector with T output symbols for the T transmit antennas for subcarrier k.

[0053]

337 During beamiforming, equation (2) controls or shapes the beams transmitted from the
transmitier to the receiver.

a3g For effective beamforming, the transmitter must have an accurate estimate of the MIMO
channeti response from the transmitter {o the receiver.

241 This MIMOQO channel information can be used to derive appropriate steering matrices for spatial
processing of the transmission, for directing beams from the transmiifer {o the receiver.

[0054]

a6 Beamforming can be done in a variety of ways and can be supported by different protocol data
units {(PDUs).

s34z For clarity, the PDU beamforming defined in IEEE 802.11n is described below.

[0055]

a2 In IEEE 802.11n, the MAC protocol treats data as a MAC PDU {MPDU).

3a2 The Physical L.ayer Convergence Protocol {PLCP) then processes the MPDU to generate a
PLCP PDU (PPDU).

as5 PPDU can also be referred to as packet, frame, etc.

as6 The physical layer {PHY) then processes and transmits each PPDU over the wireless medium.

ss7 in lEEE 802.11n, high-throughput PPDUs {(HT-PPDUs) can be used to transmit MIMQO from
multiple transmit antennas to multiple receive antennas.

[0056]

z62 2A shows the structure of HT-PPDU 210 with mixed HT format in IEEE 802.11n.

263 The HT-PPDU 210 includes a mixed mode preambie followed by a data field.

3a¢ The mixed mode preambile includes {i} an inheritance preamble consisting of an inheritance
short test field {L.-STF) and an inheritance long {est field {L-LTF), {ii) an inheritance signal field
(L-81G), (iii), an HT signal field (HT-SIG); and {(iv) an HT preambile consisting of a short HT test
field (HT-STF) and one or more long HT test fields (HT-LTF).

268 The number of HT-L.TFs is egual to or greater than the number of data streams transmitted
simultaneously. Long and short test fields can carry well-known test symbols that can be used
for frame detection, timing, frequency estimation and equalization, automatic gain control
{AGC), channel estimation, etc. The L-SIG and HT-SIG fields can carry signaling information
for the HT-PPDU. For example, the HT-SIG field carries (i) a Length field, which denotes the
length of the data field, and (i) a Not Sounding field, which denotes whether or not the HT-
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PPDU is a sounding PPBU. The probe PPDU is a PPDU carrying known fest symbols that can
be used for channe! estimation. The data field carries the payioad of the HT-PPDU, which can
be cne or more MPDUSs and can be of variable length, indicated by the Length field.

[0057]

380 28 shows the structure of an HT-PPDU 220 with a new greenfieid HT format (HT} according to
IEEE 802.11n.

3s2 The HT-PPDU 220 includes a format preamble on a new basis followed by a data field. The
preambie of the format on the new basis inciudes a short field of testing the format on a new
basis of HT {HT-GF-STF}, a long testing field of HT {HT-LTF1, VP-RTP1), an HT-8IG field and
cne or more HT-LTF fields ...

[0058]

329 The HT-PPDWU 210 and 220 can be used as sounding PPDUs by setting 0 in the Not Sounding
field and enabling encugh HT-LTF. The probe PPDU that carries the data is called the probe
MPDU.

[0059]

305 20 shows the structure of a null data packet {NDP) 230 with a preambie format on a new basis
in accordance with IEEE 802.11n.

397 The NDP 230 is a probing PPDU that does not carry data and may also be called a zero length
frame (ZLF}, etc.

300 The NDP 230 can be generated by setting 0 in the Length field, setting § in the Not Scunding
field, including encugh HT-LTFs, and exciuding the Data data field.

[0060]

s HT-PPDBU 210, 220 and 230 are some of the PPDU formats supported by IEEE £02.11n.

405 PPDU formats supported by IEEE 802.11n are described in the above [EEE 802.11n
documents.

[0061]

410 3 shows the structure of a MAC frame 300 in accordance with [EEE 802.11n.

411 The MAC frame 300 includes various fields such as an HT Control field, a Frame Bedy field,
and a frame check sequence (FCS) field. The Frame Body field carries data for the MAC
frame. The FCS field carries an FCS value that is generated based on the contents of the
other fields of the MAC frame and is used {o detect MAC frame errors. The HT Control field
includes various fields such as a Link Adaptation Control field, a C81/ Steering field, an NDP
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Announcement field, and a Reverse Direction Grant {(RDG) / More PPDU field. The Link
Adaptation Control field includes a Test Request {TRQ}) field and an MCS request or Antenna
Selection indication {MAI) field. The MAI field includes a request {MRQ) field for a modulation
coding scheme {MCS). Table 1 presents the various MAC fields shown in Fi(G. 3 and provides
a description for each MAC field. The frame and MAC field formats and various types of
explicit feedback indicated by the CSi/ Steering field are described in the {EEE 802.11n
documients cited above.

[0062]

426 Table 1

422 MAC field

428 Description

423 TRQ

230 0 = Transponder transmiitier did not receive a request to send a Probing PPDU, 1 =
Transponder transrmitter received a request to transmit a Probing PPDU.

432 MRQ)

4330 = no MCS feedback requested, 1 = MCS feedback requested.

43¢ C81/ Steering

435 0 = no feedback required, 1 = request for CSi feedback, 2 = reguest for uncompressed
beamforming feedback matrix, 3 = request for compressed beamforming feedback matrix.

437 NDP Announcement

432 Q0 = no further NDP, 1 = no further NDP.

433 RDG { More PPDU

44g § = PPDU carrying the MAC frame is the last {ransmission, 1 = PPDU carrying the MAC frame
is followed by another PPDU, (0 = no reverse grant sent, 1 = reverse grant present.

[0063]

445 Table 2 lists the two sounding types and provides a short description of each sounding type.

446 NDP does not carry a MAC frame and thus does not contain the HT Control field.

447 Therefore, there may be certain restrictions on the use of NDP, as well as on the way the NDP
can be transmitted.

[0064]
452 table 2

452 Sensing type

454 Description

455 MPDU sounding

456 Using data carrying Probing PPDU and HT Control field.
457 NDP Probing
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453 Using a probing PPDU that does not carry data and does not contain an HT Control fleld.

[0065]
462 Table 3 lists the two types of beamforming / feedback circuits supporied by IEEE 802.11n and
provides a short description of each type of feedback.

[0066]

467 Table 3

463 Feedback type

469 Description

470 mplicit feedback

471 The beamforming receiver transmits the sounding PPBU. The beamformer derives the MIMG
channel! estimate from the sounding PPDU and calculates steering matrices based on the
MIMO channel estimate.

474 Explicit feedback

475 The beamformer transmits the probe PPDU. The beamformer derives the MIMO channel
estimate from the probe PPDBU and feeds back to the beamformer.

477 The beamformer caiculates the steering matrices based ¢on the feedback.

[0067]

481 Implicit feedback can be used in time division duplexing {TBD) networks in which transmissions
between stations are carried out on a single time division frequency channel.

483 In this case, the channel response for one connection can be assumed o be the mutual
channel response for the other connection.

a5 Explicit feedback can be used for both TBD and Frequency Bivision Buplex (FDDB) networks.

[0068]

488 Beamforming can be used if the transmitting station and the receiving station both support the
same type of feedback, which can be implicit feedback or explicit feedback.

4s1 If one station only supports implicit feedback and the other station only supports explicit
feedback, then beamforming may not be available to those stations due to interaction
problems between the two types of feedback.

484 The two types of feedback are incompatible for several reasons.

45 First, a station that only supports implicit feedback may not be able to transmit appropriate
feedback tc a station that only supports explicit feedback.

497 Second, there may not be a mechanism o stimulate a station that only supports expilicit
feedback to transmit a probing PPDBU. In addition, the two types of probing may not be
compatible.
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[0069]
503 In one aspect, a station can be designad with the following capabiiities to support both implicit
feedback and expilicit feedback for beamforming:

(0070}

sos 1) transmitting and receiving a scunding PPDU,

10071]
512 2} a test request (TRQ) response by transmitting a Probing PPDU, and

[0072]

516 3} responding o a request for explicit feedback.

[0073]

sa0 By supporting this set of capabilities presented above, a station may be able to perform implicit
or explicit beamforming with another station supporting the same set of capabilities.

0074

525 In one design, a station can support only NDF sounding, or only MPDU sounding, or both NDP
sounding and MPDU sounding. A station may notify its sensing capability using a transmit
beamforming (TxBF) Capability field that is included in certain frames, such as a beacon
frame, an association request frame, an association response, a probe request frame, and a
probe response frame.

s30 in another design, the beamformer may support NDP sensing transmission and offsat sensing
reception, and the beamforming receiver may support NDP sensing reception and offset
sensing transmission.

533 In [EEE B02.11n, the reference to multiple dimensions is extended to multiple test symbols
using a specific orthonormal matrix.

535 When using biased sensing, this propagation is performed separately for test symbeols
associated with data dimensions and test symbois associated with additional spatial
dimensions {extension of spatial streams in 802.11n).

532 Thus, soundings for spatial expansion streams can be time-sliced from soundings for data
dimensions.

sqp Offset sounding can be used when the number of dimensions {o sound exceeds the number of
data dimensions or space-time streams {(NETS).
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saz Offset sounding can only be available for MPDU soundings and can be used for additional
dimension sounding for MPDU soundings. The beamforming receiver can respond to the CSi
feedback request sent by the NDP beamformer.

545 The beamformer can respond {o a beamforming receiver sensing request.

[0075]

s4¢ Beamforming can be performed with implicit feedback or explicit feedback, which can be
supported by NBP sensing and / or MPDU sensing. Beamforming can also be performed for
unidirectional transmission from one station to ancther station, or for bi-directional
transmission between two stations.

s52 There can be exchanges between different sequences of frames for different beamforming
scenarios.

sss For clarity, examples of framing for some beamforming scenarios are described below.

[00786]

558 4 shows an example of a frame exchange for unidirectional explicit beamforming with NBP
sounding. Station A may transmit an uncontrolied frame 410 requesting feedback for one of
the feedback types shown in Table 1.

sa2 An unsteered frame is a frame transmitted without beamforming, and a steered frame is a
frame transmitted with beamforming.

ss4 Frame 410 may be a request to send {RTS8) frame containing a requested duration for the time
required to transmit pending transmissions of data and associated signais.

se6 The NDP Announcement field of frame 410 may be set to 1 to indicate that an NDP will follow.
Station B may receive an RTS frame 410, satisfy the request, and transmit an uncontrolied
Clear to Send {CTS} frame 412, which may carry any data that Station B may have for Station
A. The RTS and CTS frames are control frames that can be exchanged for wireless
redundarncy and {o eliminate mutual interference from implicit stations.

s71 RTS and CTS frames can also be dropped.

[0077]

575 Station A may transmit NBP 414 and an unmanaged frame 416, which may represent a data
frame or some other frame.

s77 NDP 414 may be transmiited in a short inter-frame time {SIFS) at the end of frame 412.

s7¢ The RDG field of frame 418 may be set to 1 to indicate a reverse direction grant that can
transfer wireless media control {o station B. Station B may estimate the MiMO channel
response based on NDP 414 and generate explicit feedback of the type requested by station
A. Station B can then transmit an uncontrolied frame 418 with explicit feedback.

ss2 Station A can receive explicit feedback, can derive steering matrices based on the feedback,
and transmit a steered data frame 420 using the steering matrices for beamiorming.
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10078]

sar Unidirectional explicit beamforming with NDP sensing can also be accomplished in other ways.

saa For example, RTS and CTS frames may be omitted or replaced with other types of frames.

533 NDP 414 may be transmitted within SiFS time after frame 416, whose NDP Announcement
field may ke set to 1 to indicate that NDP foliows.

[0079]

594 5 shows an example of a frame exchange for unidirectional impilicit beamforming with NDP
sounding. Station A may transmit an uncontrolled RTS frame 510 and station B may return an
uncontrolied CTS frame 512. Station A may then transmit an uncontrolied frame 514 whose
TRQ field may be set to 1 to indicate a test request and whose RDG field may be setto 1 to
indicate a reverse direction grant.

538 Station B may then transmit an uncontrolied frame 516, an NDP 518, and an uncontrolied
frame 520 based on the reverse direction grant in the frame 514.

s01 The NDP Announcement field of frame 518 may be set to 1 to indicate that an NDP will foliow,
and the More PPDU field may be set to 1 to indicate that another frame follows.

so3 NDP 518 may ke transmitted within SIFS time after frame 5186.

sa¢ The More PPDU field of frame 520 may be set to { to indicate that no more frame follows.

sos Station A may estimate the MIMO channel response based on the NDP 518, derive steering
matrices based on the MIMO channel estimate, and transmit a steered data frame 522 using
the beamforming steering matrices.

[0080]

¢11 Unidirectional implicit beamforming with NDP sensing can also be accomplished in other ways.
s12 For example, RTS and CTS frames can be deleted or replaced with other types of frames.

§13 The NDP Announcement field of frame 516 may be set to 1 and frame 518 may be omitted.

[0081]

g17 6 shows an example of a frame exchange for bidirectional implicit beamforming with NDP
sounding. Station A may transmit an uncontrolled RTS frame 610 and station B may return an
uncontrolled CTS frame 612. Station A may then transmit an unmanaged frame 614, an NDP
616, and an unmanaged frame 618.

s2: The MRQ field of frame 614 may be set to 1 for an MCS request. The TRQ field of frame 618
may be set to 1 to indicate a test request, and the RDG field may be set to 1 to indicate a
reverse direction grant.

s24 Station B may estimate the MIMG channel response based on NDP 618 and may derive a
steering matrix based on the MIMO channel estimate. Station B may then transmit steered
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frame 620, NDP 622, and steered frame 624 using steering matrices for beamforming.

s27 Frame 620 may respond to the RDG and its More PPDU field may be set to 1 o indicate that
another frame will follow.

s2¢ The TRQ field of frame 624 may be set {0 1 to reguest testing, and its More PPDU field may be
set {o § to indicate that no other frames foliow.

¢31 Frame 620 and / or 624 may carry any data that station B may transmit {o station A.

[0082]

s35 Station A may estimate the MIMO channel response based on NDF 622 and may derive
steering matrices based on the MIMO channel estimate. Station A may then transmit steered
frame 626, NDP 628 in response to TR{ in frame 624 and steered frame 630.

s38 The TRQ field of frame 830 may be set to 1 to indicate a test request, and its RDG field may be
set {o 1 to indicate a reverse direction grant.

s40 Each station can fransmit additional beamforming frames in a similar manner.

[0083]

s44 Bi-directional implicit beamforming with NDP sensing can also be accomplished in other ways.

s45 For example, RTS and CTS frames can be deleted or replaced with other types of frames.

s45 The NDP Announcement field of each of frames 614, 620, and / or 626 may be set to 1, and
frames 618, 624, and {/ or 630 may be dropped.

[0084]

s51 Bidirectional explicit beamforming with NDP sensing may be implemented based on a
combination of FIGS. 4 and 6.

53 Both stations A and B can transmit NDP as shown in FiG. 6.

854 £ach station can output explicit feedback based on the NDP received from the other station,
and can transmit explicit feedback to the other station.

ss6 Each station can derive steering matrices based on explicit feedback received from the other
station and can fransmit steered frames with steering matrices.

[0085]

s61 ¥ shows an example of framing for unidirectional explicit beamforming with MPDU sounding.
Station A may transmit an uncontrolied RTS frame 710 in the sounding PPDU. Frame 710 can
inciude a request for feedback for one of the types of feedback shown in Tabile 1.

s8¢ Station B can estimate the MIMO channel response based on the sounding PPDU and can
generate explicit feedback of the type that station A reguests. Station B can then transmit an
uncontrolled CTS frame 712 that can carry explicit feedback information.

s67 Station A may derive steering matrices based on explicit feedback received from station B and

24-11-2020 16 IPR2022-00468
Apple EX1016 Page 736



may transmit a steered data frame 714 using the steering matrices for beamforming.

ss¢ Frame 714 may be sent in a sounding PPDU and may include a request for feedback for
updated feedback.

s7¢ Station B can estimate the MIMO channel response based on the sounding PPDU and can
generate explicit feedback of the type that station A requests. Station B can then transmit an
uncontrolied frame 716 that carries explicit feedback and biock acknowiedgment {(BA) for data.
transmitted in frame 714.

[00886]

s72 § shows an example of framing for unidirectional implicit beamforming with MPDU sounding.
Station A may transmit an uncontralied RTS frame 810, whose TRQ field may be set to 1 to
indicate a test request.

ss1 Station B may then transmit an uncontrolled CTS frame 812 in the sounding PPDU. Frame 812
can carry any data station B may have for transimission to station A. Station A can derive
steering matrices based on the sounding PPDU received from station B and can transmit a
steered data frame 814 using the steering matrix for beamforming ...

535 The TRQ field of frame 814 may be set to 1 to indicate a test request.

sss Station B may then transmit an unsteered frame 816 in the sounding PPDU. Frame 816 may
carry an Ack block for data transmitted in frame §14.

[0087]

se1 8 shows an example of a frame exchange for bidirectional implicit beamforming with MPDU
sounding. Station A may transmit an uncontrolied RTS frame 810 in the sounding PPDU. The
TR field of frame 810 may be set {o 1 to indicate a test reguest.

sa¢ Station B may estimate the MIMO channei response based on the sounding PPDU from station
B and may derive steering matrices based on the MIM{O channei estimate. Station B may then
transmit a controlled CTS frame 812 in the sounding PPDU. The TRQ field of frame 812 may
be set to 1 to indicate a test request, and the frame may carry any data that station B may
have for transmission {o station A. Station A may derive steering matrices based on the
sounding PPDU received from station B, and can transmit a steered data frame 814 using
steering matrices for beamforming.

701 Frame 814 may carry an Ack block for any data transmitted in frame 812, and its TRQ fieid
may be sef to 1 {o indicate a test request.

703 Station B may derive steering matrices based on the sounding PPDU received from station A
and can transmit a controlied data frame 818 in the sounding PPDU. Frame 818 may carry an
Ack block for data transmitted in frame 814, a test request, and data.

10088]

z0s The MPDU sensing beamforming shown in FIGS. 7, 8 and 8 can aiso be performed in other
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ways.
711 For example, RTS and CTS frames can be replaced with other types of frames.

[0089]

715 Bi-directional explicit beamforming with MPDRU sensing can be implemented based on a
combination of FIGS. 7 and &.

717 Both stations A and B can transmit a sounding PPDU as shown in FIG. 9.

718 Each station can derive explicit feedback based on the sounding PPDU recelved from another
station, and can transmit explicit feedback to the other station.

720 Each station can derive steering matrices based on explicit feedback received from the other
station and can transmit steered frames with steering matrices.

[0090]

725 implicit feedback beamforming involves a mutual MIMO channe! between stations A and B.
This allows station A (i} to estimate the MIMO channel response to a connection from station B
fo station A based on the sounding PPBU received from station B and {ii} use this estimate the
MIMQO channel as an estimate of the MiMO channel response for another connection from
station A to station B. However, if the responses of the transmission chains are different from
the responses of the receive chains in station A or station B, then the differences will affect the
mutual use of the MIMQ channel.

10091]

735 Stations A and B can calibrate to determine the difference between their transmit and receive
chains and to output correction vectors that can be applied {0 account for the differences {o
restore reciprocity.

738 Calibration is not required for beamforming, but if done can improve beamforming performance.

73g Stations A and B may calibrate at association and / or at other times.

[0092]

743 10 shows an example of a frame exchange for calibration with explicit CSi feedback and NDP
sounding. Station A may transmit an uncontrolied RTS frame 1010 and station B may return
an uncontrofied CTS frame 1012. Station A may then transmit an unmanaged frame 1014, an
NBP 1016, and an unmanaged frame 1018.

7¢7 The CSI / Steering field of frame 1014 may be set to 1 {o request CSi feedback, and this may
indicate that full fidelity CSi feedback should be sent back.

743 The TRQ field of frame 1018 may be set to 1 o request a test, and the RBG field may be set to
1 to indicate a reverse direction grant.
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[0093]

7s5¢ Station B may estimate the MIMC channel response based on NDP 1018 and may generate
CSi feedback as described in the IEEE 802.11n documents mentioned above.

7s6 Station B may then transmit an unmanaged frame 1020, an NDP 1022, and an unmanaged
frame 1024.

rs8 Frame 1020 may carry CSi feedback and its kMore PPDU field may be set to 1 to indicate that
another frame will foliow.

76és Frame 1024 may also provide CSl feedback, and its More PPDU field may be setto G io
indicate that no other frames foliow.

[0094]

765 Station A can estimaie the MIMO channel response based on NDP 1022 from station B.
Station A can then calculate reciprocity correction vectors based on the MIMO channel
estimate determined by station A and the CSl feedback received by station B. Station A can
apply reciprocity correction vectors when future transfer of station B.

[0095]

7zz 11 shows an example of a frame exchange for calibration with explicit CSI feedback and MPDU
sounding. Station A may transmit an unconirolied RTS frame 1110 in the sounding PPDU. The
CSi/ Steering field of frame 1110 may be set to 1 to request CSi feedback, and its TRQ field
may be set {o 1 to indicate a test reguest.

776 Station B can estimaie the MIMO channel response based on the sounding PPDU received
from station A and can generate CSl feedback. Station B may then transmit an uncontrolled
CTS frame 1112, which may carry CSli feedback in the sounding PPDU. Station A may
estimate the MIMQ channel response based on the sounding PPDU received from station B
and may calculate reciprocity correction vectors based on the MIMO channel estimate and
explicit feedback.

10096]

a5 12 shows an example of a frame exchange for calibration with explicit CSi feedback and
simultaneous NDP and MPDL probing. Station A may transmit an unsteered RTS frame 1210,
whose CS! { Steering field may be sei to 1 to request CSi feedback. Siation B may return an
uncontralied CTS frame 1212, Station A may then transmit NDP 1214 and an uncontrolied
frame 1218,

730 The TRQ field of frame 1216 may be set to 1 to regquest testing, and the RDG fieid may be set
to 1 to indicate a reverse direction.

7g2 Station B can estimaie the MIMO channel response based on NDP 1214 from station A and
can generate CSl feedback. Station B may then transmit an unsteered frame 1218 in the
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probe PPDU. Frame 1218 may carry CSl feedback, and its More PPDU fieid may be set to 0
to indicate that no other frames follow.

rg5 Station A may estimate the MIMO channel response based on the sounding PPDU received
from station 8 and may calculate reciprocity correction vectors based on the MIMG channel
estimate and explicit feedback.

10097]

agz Calibration can alsg be done in other ways.

acs For example, RTS and CTS frames can be replaced with data frames or other types of frames.

soe The NDP Announcement field of frame 1014 and / or frame 1020 in FIG. 10 may be set to 1,
and frame 1018 and / or frame 1024 may be omitied.

aos Station B may transmit an NDP or probe PPDU as soon as possible after a {est request from
station A. Station B may transmit CSi feedback either in conjunction with the NDP or probe
PPDU, or at a later time.

[0098]

a1z As shown in FIGS. 10, 11 and 12, calibration can be supported without the use of calibration
specific messages and frame exchanges.

#12 For calibration, a CS! feedback request may be sent using the CSt/ Steering field in the HT
Control field, as shown in FIG. 3 and Table 1.

g1 In one design, when a test reqguest is included in the same frame as a CS{ feedback reguest,
full fidelity CSi matrices can be fed back for use to derive reciprocity correction vectors.

a1¢ In another design, dedicated fieids can be used to indicate the start of the calibraticn and to
identify the frames submitted for calibration.

[0099]

a23 13 shows the structure of a conirol frame 1300 that can be used to transmit CSt feedback for
calibration.

azs Frame 1300 includes various fields such as a MiIMO Control field and a CSI MIMCO Matrices
Report field.

s27 The MIMO Control fieid includes various fields such as the Grouping {Ng} field and the
Coefficient Size field.

azg For calibration, the Grouping field can be set to 0 for Ng = 1, which means there is nc grouping
of subgcarriers, s¢ that a CSi matrix will be provided for each of the subcarriers {-28, -1, + 1 ... +
28}, which can be used for transmission.

sa2 The Coefficient Size field can be set to 3 for Nb = 8, which means that eight bits of precision {or
full precision} will be used for each element of each CSi matrix. The CSt MIMCG Matrices
Report field can carry a CSi matrix for each subcarrier that can be used for transmission, with
each matrix element being represented with full fidelity.
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[0100]

sag 14 is a diagram of a process 1400 for supporting beamforming by a station.

84 The station may receive a test request (block 1412) and may transmit the first probe frame in
response o the test request (block 1414).

842 The station may receive a request for explicit feedback for beamforming (block 1418} and may
also receive a second probe frame {block 1418}.

844 The station may generate explicit feedback based on the second probe frame {block 1420} and
may transmit expiicit feedback in response o a request for explicit feedback (block 1422).

845 Processing in blocks 1412-1422 may be performed for one or more independent frame
exchanges.

848 The processing in blocks 1412-1422 may use the capabilities described above to support both
implicit feedback and explicit feedback for beamforming.

sso In particuiar, the fransmission and reception of the praobe PPDU is refiected in blocks 1414 and
1418, respectively.

852 The response {0 the test request by transmitting a probe PPDU is refiected in blocks 1412 and
1414,

854 The response to a reqguest for explicit feedback is reflected in biocks 1416-1422.

[0101]

858 Each frame can correspond to PPDUs in {EEE 802.11 or some other PDU type. Each probe
frame can be (i} an NDP having at least one {est field but no data field, or (ii) a frame having
both a test field and a data field.

set Explicit feedback may include €8t matrices, uncompressed beamforming feedback matrices,
despread beamforming feedback matrices, efc.

10102]

ses The station may be an explicit expiicit beamforming receiver and may receive a steered frame
transmitted using beamforming based on the explicit feedback returned at block 1422,

sas The station may be an implicit beamforming receiver and may receive a steered frame
transmitted in beamforming based on the implicit feedback obtained from the first probe frame
transmitted at block 1414.

871 The station may be an explicit beamformer and may receive explicit feedback generated fram
the first sensing frame, may obtain control information (eg, steering matrix} based on the
received explicit feedback, and may transmit a controlied beamforming frame based on the
control information.

875 The station can be an implicit beamformer and can transmit a third sensing frame, output
control information based on the third sensing frame, and transmit a controlled beamforming
frame based on the control information.

24-11-2020 21 IPR2022-00468
Apple EX1016 Page 741



[0103]

zst 15 is a schematic diagram of an apparatus 1500 for supporting beamforming.

zaz Apparatus 1500 includes means for receiving a test request (module 1512}, means for
transmitting a first probe frame in response {o a test request (module 1514), means for
receiving an explicit feedback request for beamforming (module 1516}, means for receiving a
second sounding frame ( moduie 1518}, means for generating explicit feedback based on the
second probe frame (module 1520}, and means for transmitting explicit feedback in response
to a request for explicit feedback {module 1522}

[0104]

agt FIG. 16 is a flow diagram of processing 1800 for explicit feedback beamforming with NDP
sensing. The station may transmit the first frame (eg, frame 418 in FIG. 4) requesting explicit
feedback (block 1612).

s34 A station may transmit an NDP (eg, NDP 414) having at least one test field but no data field
(block 1614).

ags The station may receive the second frame with explicit feedback derived from the NDP, eg,
frame 418 (block 1618).

ssg The station may output control information based on explicit feedback (block 1618} and may
transmit a conirol frame {eg, frame 420} beamforming based on the control information (block
1620).

[0105]

sa: The station may transmit an RTS frame as the first frame, receive a CTS frame in response {o
the RTS frame, and transmit NDP within STFS time for the CTS frame. A station may transmit
a third RDG frame (eg, frame 416) within the SIFS time for NDP and may receive a second
frame after the third frame.

sos A station can include either in the first frame or in the third frame a notification that an NDP will
follow.

[0108]

¢13 17 is a schematic diagram of an apparatus 1700 for explicit feedback beamforming and NBP
sensing.

g15 Apparatus 1700 includes means for transmiiiting a first frame with a request for explicit
feedback (module 1712), means for transmiiting an NDP having at least one test field, but not
having a data field (module 1714}, means for receiving a second frame with an explicit
feedback derived from the NDP (module 1718), means for outpuiting control information based
on explicit feedback (module 1718} and means for transmitting a controlied frame in
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beamiorming based on the control information (module 1720).

10107

92¢ FIG. 18 shows a flow diagram of processing 1800 for beamforming implicit feedback and NDP
sensing.

226 The station may transmit the first frame (eg, frame 514 in FIG. 5) with a test request (block
1812).

ss8 The station may receive an NDP (eg, NDP 518) having at ieast one test fieid but no data field
(block 1814).

g3z The station may output NDP-based controf information (block 1816) and may transmit a
controlled frame {eg, frame 522) beamiorming based on the control information (biock 1818).

[0108]

93s A station may transmit an RTS frame (eg, frame 510), receive a CTS frame (eg, frame 512) in
response {o the RTS frame, and transmit the first frame after the CTS frame. A station may
include RDG in the first frame, receive a second frame (gg, framea 516) in response o the first
frame, and receive NDP after the second frame.

sas The second frame may include an announcement that an NDP wiil follow. The second frame
may aiso inciude a notification that ancther frame will foliow, and the station may then receive
a third frame (eg, frame 520) with the notification that no further frame will follow.

[0109]

s4s FIG. 18 is a schematic diagram of an apparatus 1800 for implicit feedback beamforming with
NDP sensing.

g47 The device 1800 includes means for transmitting a first frame with a test request (module
1812), means for receiving an NDP having at least one test field, but no data field (moduie
1814), means for cutputting NDP-based control information (module 1816 ) and a means for
transmitting a controlled frame with beamforming based on the control information (moduie
1818).

[0110]

955 On Fig shows a processing scheme 2000 for bi-directional beamforming with impiicit feedback
and NDP sensing.

ga7 The station may transmit the first frame (eg, frame 6§14 or 618 of FIG. §) with a test request
{block 2012).

g59 A station may transmit a first NDP (eg, NDP 618) having at least one test field but no data field,
either before or after the first frame (biock 2014).

s61 The station may receive the first controlled frame (eg, frame 620) with beamforming based on
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the first control information output from the first NDP (block 20186).
963 The station may receive a second NDP (eg, NDP 622) in response to a test request (block
2018) and may output second control information based on the second NDP (block 2020).
ses The station may then transmit a second steered frame (eg, frame 626) with beamforming
based on the second controf information (block 2022).

[0111]

g7 A station may transmit an RTS frame {eg, 610 frame), receive a LTS frame (eg, 612 frame) in
response to the RTS frame, and transmit the first frame after the CTS frame. The first frame
and / or the first controlled frame may include a notification that an NDP will follow.

[0112]

g76 21 is a schematic diagram of an apparatus 2100 for bi-directional beamforming with implicit
feedback and NDP sensing.

g7z Apparatus 2100 includes means for transmitting a first frame with a test request (module 2112),
means for transmitting a first N3P having at least one test field but no data field, either before
or after the first frame {module 2114}, means for receiving a first controlled frame with
beamforming based on the first control information outputted from the first NDP {module
21186), means for receiving a second NDP in response to a test request (module 2118}, means
for outputting second control information based on the second NBP {module 2120) and means
for transmitting a second controllable frame with beamforming based on the second control
information (module 2122},

[0113]

983 FIGG. 22 shows a design of NDP sensing calibration processing 2200.

990 The station may transmit the first frame (eg, frame 1014 in FIG. 10 or frame 1210 in FIG. 12)
requesting explicit feedback for calibration (block 2212).

ss2 The station may also transmit an NDP {eg, NDP 1018 or 1214) having at least one test fieid but
no data field (block 2214).

994 The station may receive a second frame (eg, frame 1020 in FIG. 10 or frame 1218 in FiG. 12)
with explicit feedback (block 2218).

996 The station can also receive a probe frame, which can be either an NDP such as NDP 1022 in
FiG. 10 or a frame having both a test field and a data field, such as frame 1218 in FiG. 12
{block 2218).

s99 The station may derive a channel estimate based on the probing frames (block 2220}.

oo T he station may then perform a calibration (eg, may derive reciprocity correction vectors)

based on the channel estimate and explicit feedback (biock 2222}.
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[0114]

1005 The first frame may include a test reguest and a notification that an NDP will follow.
Alternatively, the station may transmit a third frame (eg, frame 1018 in FiG. 10 or frame 1218
in FIG. 12) with a test request after NDP. In either case, a probke frame can be transmitted in
response to a test reguest.

[0115]

1012 On Fig shows the structure of the device 2300 for NDF sensing calibration.

1013 The device 2300 includes means for transmitting a first frame with a reguest for explicit
feedback for calisration (module 2312), means for transmitting an NDP having at least one
test field but no data field (module 2314), means for receiving a second frame with explicit
feedmack {module 2318), means for receiving a sounding frame {module 2318), means for
deriving a channel estimate Based on a sounding frame (module 2320), means for performing
calibration mased on a channel estimate and explicit feedwack (module 2322).

[01186]

1022 24 shows a flow chart of processing 2400 for transmitting CS81 feedback for calieration.

1023 A station may receive a reguest for CSi {eedback for calibration, for example, at frame 1014 in
FiG. 10, frame 1110 in FIG. 11, or frame 1210 in FIG. 12 (Block 2412).

1025 1 he station may aiso receive a sounding frame, such as NDF 1018 in FIG. 10, frame 1110in
FIG. 11, or NDP 1214 in FiG. 12 (Block 2414).

1027 The station may generate CSI feedback Based on the probe frame (Block 2416) and may
transmit CSl feedback without subcarrier grouping and with fuil accuracy (block 2418).

{0117]

1032 A station can provide CS! feedback in an administration frame that has a grouping field and a
coefficient size field as shown in FiG. 13.

1034 The station may set the grouping field to € to indicate no subcarrier grouping (Ng = 1) and may
set the coefficient size field to 3 to indicate 8 bits (N = 8) for full CSi feedback accuracy. The
CSi feedack can comprise a CS8I matrix for each of a piurality of subcarriers usable for
fransmission.

10118

1047 25 shows a flowchart of processing 2500 for transmitting CSi feedback for calieration.

14z Apparatus 2500 includes means for receiving a CSI feedback reguest for calibration (module
2512), means for receiving a probing frame (module 2514), means for generating CSi
feedback based on the probing frame (module 2518), and means for transmitting CSI
feedback without subcarrier grouping and with full accuracy (module 2518).

24-11-2020 25 IPR2022-00468
Apple EX1016 Page 745



[0119]

1048 The modules in FIGS. 15, 17, 18, 21, 23, and 2& may contain processors, electronic devices,
hardware devices, elecironic components, logic circuits, memory devices, efc. or any
combination of them.

[0120]

1055 FIGS. 14-25 illustrate the processing performed by station A in FIGS. 4, &, 6, 10, 11 and 12.

ins6 1he processing performed by station B is complementary to the processing performed by
station A and may be described by a set of drawings complementary to FIGS. 14-25.

1058 The processing performed by stations A and 8B of FIGS. 7, 8 and & can also be performed as
shown in these figures.

{0121}

to53 F1G. 26 is a block diagram of stations A and B, each of which may be an access peint 110 or
one of stations 120 in FIG. 1.

1085 Station A is equipped with muitiple {T} antennas 2624a through 2624t that can be used to
{ransmiit and receive data.

1067 Station B is equipped with multiple {R} antennas 2652a-2652r that can be used to transmit and
receive data.

[0122]

1072 At station A, a transmit {TX) data processor 2614 may receive traffic data from a data source
2612 and / or other data from a controfier / processor 2630.

1074 A TX data processor 2614 can process {eg, format, encode, interleave, and symbol map) the
received data and generate data symbois, which are modulation symbols for the data.

107¢ A TX spatial processor 2620 can muitiplex the data symbois with the test symbois, perform
fransmission spatiat processing using steering matrices, and provide T cutput symbol
streams to T modulators (MQODs) 2622a-26221.

107e Test symbols are alse commaonly referred to as pilot symbols.

080 Each modulator 2622 may process its own output symbel stream {eg, for OFDM) to generate
an output chip stream.

1082 Each modulator 2622 may additionally perform post-processing {eg, analcg, amplify, fiiter, and
up-cenvert} its output chip stream to generate a modulated signal.

10s¢ T modulated signals from modulators 2622a through 2622t may be transmitted via antennas
2624a through 26241, respectively.
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[0123]

1089 At station B, R antennas 2652a through 2652r may receive modulated signals from station A,
and each antenna 2652 may provide the received signal to a corresponding demodulator
{DEMOD) 2654,

1082 Each demodulator 2654 can perform processing complementary to the processing performed
by the modulators 2622 to obtain received symbois.

08¢ A receive {RX]} spatial processor 2660 may perform spatial matched filtering on received
symbois from all demodulators 2654a through 2654r and provide data symbol estimates that
are estimates of data symbois transmitted by station A. RX data processor 2670 may further
process {e.g., reverse mapping symbois, deinterleaving and decode} estimates of the data
symbols, and provide the decoded data to a data sink 2672 and / or to a controller /
processor 2680.

10124]

1163 Channel processor 2678 can process the test symbois received from station A and can
estimate the MIMO channel response. Processor 2678 may decompose the channel matrix
for each subcarrier or each group of subcarriers of interest, eg, as shown in eqguation {1}, to
obtain a corresponding beamforming matrix.

1107 Processor 2678 can generate feedback information for channel matrices or {for uncompressed
or compressed) beamforming matrices.

1168 Processor 2678 may provide feedback information to controller / processor 2684 for
transmission back to station A. Processor 2678 may also derive a spatial filter matrix for each
subcarrier or each group of subcarriers of interest based on the corresponding channel and /
or beamforming matrix.

1113 Processor 2678 may provide spatial filter matrices to RX spatial processor 2660 for spatial
matched filtering.

[0125]

1118 Processing for transmission from station B to station A may be performed in the same way as
processing for transmission from station A {o station B, or differently.

1120 Traffic data from data source 2686 and / or other data {e.g., feedback information} from
controller / processor 2680 can be processed {e.g., encoded, interieaved, and modulated} by
data processor 2688 TX and are optionally muitiplexed with test symbols and spatially
processed using a 2680 TX spatial processor with steering matrices.

1124 The output symbols from the 2680 TX spatial processor can be further processed by
modulators 2654a through 2654r to generate R moduiated signais that can be transmitted via
antennas 2652a through 2652r.

[0126]
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1130 At station A, the modulated signais from station B may be received by antennas 2624a
through 2624t and processed by demadulators 2622a through 2622t to obtain received
symboals.

1133 An RX spatial processor 2640 may perform spatial matched filtering on the received symbols
and provide estimates of the data symbols.

1135 An RX data processor 2642 may further process data symbol estimates, provide decoded data
to a data sink 2644, and provide feedback information to a controlier / processor 2630.

1137 Processor 2630 may derive steering matrices based on the feedback information.

{0127]

1141 Channel processor 2628 can process the test symbois received from station B and can
estimate the MIMO channel response. Processor 2628 may decompase the channel matrix
for each subcarrier or each group of subcarriers of intergst {o obtain a corresponding
beamfarming matrix.

1145 Processor 2628 may also derive a spatial filter matrix for each subcarrier or each group of
subcarriers of interest.

1147 Processor 2628 can provide spatial filter matrices to RX spatial processor 2640 for spatial
matched filtering, and can provide channel matrices or beamforming matrices to controfler /
processor 2630 for feedback to Station B.

[0128]

1153 Controliers / processors 2630 and 2680 can control stations A and B, respectively.

115¢ Memories 2632 and 2682 can store data and program codes for stations A and B,
respectively.

1155 Processors 2628, 2630, 2678, 2680 and / or other processors may perform the processing
and functions described herein, such as processing 1400 in FIG. 14, processing 1600 in FIG.
16, processing 1800 in FIG. 18, processing 2000 in FIG. | processing 2200 in FIG. 22,
pracessing 2400 in FIG. 24, and so on.

[0129]

1182 1he technologies described here can be implemented using various means.

1184 For example, these technologies can be implemented as hardware, firmware, software, or a
combination of both.

1155 For hardware implementation, the processing modules used {o perform these technologies
may be embedied in one or more application specific integrated circuits (ASICs}, digital signal
processors {D8Ps), digital signal processing devices {DSPDs}, programmable logic devices
{PLDs;} , field programmable gate arrays {(FPGA]}, processors, controllers, microcontrollers,
microprocessors, electronic devices, other electronic madules designed to perform the
functions described herein, a computer, or a combination thereof.
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10130]

1175 For implementation in firmware and / or software, technologies may be implemented with
modules (eg, procedures, functions, etc.) that perform the functions described herein.

1177 Firmware and / or software instructions may be stored in a memory {eg, memory 2632 or 2682
of FIG. 26) and may be executed by a processor (eg, processor 2830 or 2680).

1173 The storage device can be embodied as a processor, or can be exiernal {0 the processor.

118¢ Firmware and { or software instructions may also be stored in other processor-readable media
such as random access memory (RAM), read-only memory {ROM), non-volatile random
access memory (NVYRAM), programmable read-only memory ( PROM), electrically erasable
PROM (EEPROM), flash memory, compact disk {8}, magnetic or optical storage device,
elc.

0131

1188 The foregoing description of the disclosure is presented to enable any person skilled in the art
to make use of the disclosure.

1190 Various modifications of such disciosure will be obvious {o a person skilled in the art, and the
general principles defined herein may be applied in other embodiments without departing
from the spirit or scope of the disclosure.

1183 Thus, the disclosure shouid not be limited {0 the examples and constructions described herein,
but shouid conform to the broadest scope consistent with the principles and novel features
disciosed herein.
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Fatent Transiate
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Fowearad by ERG and Google

Notice

This translation is machine-generated. it cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-transiation cutput.

CLAIMS RU2419213C2

1.

3 An apparatus for supporting beamforming in a wireless communication network, comprising: at
least one processor configured to receive a test request, transmit a first probe frame in
response {0 a test request, receive a request for explicit feedback for beamiorming, recaive a
second probe frame generate explicit feedback based on the second probe frame, and transmit
explicit feedback in response {o the explicit feedback request; and a memory device coupled to
at least one processor.

2.

22 The apparatus of claim 1, wherein the at least one processor is configured {o receive a
controlled frame transmitted based on explicit feedback.

3.
27 The apparatus of claim 1, wherein the at least one processor is configured {o receive a
controlled frame transmitted based on implicit feedback derived from the first probe frame.

4.

2z The apparatus of claim 1, wherein the at least cne processor is configured {0 receive explicit
feedback derived from the first probe frame, output control information based on the received
expiicit feedback, and transmit a controlied frame based on the control information.
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33 The apparatus of claim 1, wherein the at least one processor is configured o receive a third
probe frame, output control information based on the third probe frame, and transmit a
controlled frame based on the control information.

6.
44 The apparatus of claim 1, wherein each of the first and second probe frames comprises test and
data fields.

7.

43 The apparatus of claim 1, wherein each of the first and second probe frames comprises a null
data packet {NDBP) having at least one test field but no data field.

8.

s4 The apparatus of claim 1, wherein each of the first and second probe frames comprises a frame
having test and data fields or a null data packet (N3P} having at least one test field but no data
field.

9.

s0 The apparatus of claim 1, wherein the explicit feedback comprises channe! state information
{C31) matrices, uncompressed beamforming feedback matrices, or compressed beamforming
feedback matrices.

10.

ss The apparatus of claim 1, wherein the first and second probe frames comprise protocol data
units {PPDUSs) for a physical layer convergence protocol (PLCP) in accordance with the IEEE
802.11 standard.

11.

72 A method for supporting beamforming in a wireless communication network, comprising the
steps of: receiving a test request; transmitting a first probe frame in response {o a test request;
receiving a request for explicit feedback for beamforming; receiving a second sounding frame;
generating explicit feedback based on the second probe frame; and transmitting explicit
feedback in response {o a reguest for explicit feedback.

12.
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so The method of ciaim 11, further comprising: receiving a controlled frame transmitted based on
either explicit feedback or implicit feedback derived from the first probe frame.

13.

g5 The method of ciaim 11, further comprising the steps of: receiving explicit feedback derived from
the first probe frame; outputting control information based on the received explicit feedback; and
transmitting a controlled frame based on the control information.

14.

g1 The method according to claim 11, further comprising the steps of: receiving a third sounding
frame; outputting control information based on the third sounding frame; and transmitting a
controiled frame based on the control information.

15.

g7 An apparatus for supporting beamforming in a wireless communication network, comprising:
means for receiving a test request; means for transmitting a first probe frame in response to a
test request; means for receiving a request for explicit feedback for beamforming; means for
receiving a second sounding frame; means for generating explicit feedback based on the
second probe frame; means for transmitting explicit feedback in response to a request for
explicit feedback.

16.

08 The apparatus of claim 15, further comprising: means for receiving a conirolled frame
transmitted based on either explicit feedback or implicit feedback obtained from the first probe
frame.

17.

112 The apparatus of claim 15, further comprising: means for receiving explicit feedback derived
based on the first probe frame; means for outputting control information based on the received
explicit feedback; and a means for transmitting a controlled frame based on the control
information.

18.

113 The device according to claim 15, further comprising: means for receiving the third sounding
frame; means for outputting control information based on the third sounding frame; and a
means for transmitting a controlled frame based on the control information.
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19.

125 A processor-readable medium including instructions stored therein, comprising: a first set of
instructions for receiving a test request; a second set of instructions for transmitting a first
probe frame in response to a test request; a third set of instructions for receiving an explicit
feedback request for beamforming ; a fourth set of instructions for receiving the second probe
frame; a fifth set of instructions for generating explicit feedback based on the second probe
frame; and a sixth set of instructions for providing explicit feedback in response to a request for
explicit feedback.

20.

135 An explicit feedback beamforming apparatus, comprising: at least one processor configured {o
transmit a first explicit feedback request frame, transmit a nult data packet {NDP) having at
least one test field, but containing no data field, and receive a second frame with explicit
feedback derived from the NDP; and a memory device coupled to at least one processor.

21.

14z The apparatus of claim 20, wherein the at least one processor is configured to output control
information based on explicit feedback and transmit a controlled frame based on the control
information.

22.

148 The apparatus of claim 20, wherein the first frame comprises a Request to Send {RTS) frame,
and wherein the at {east one processor is configured {o receive a Clear to Send {CTS) frame,
and transmit NDP during short inter-frame interval time {SIFS) of the CTS frame.

23.

154 The apparatus of claim 20, wherein the at least one processor is configured to transmit a third
frame with a reverse direction during an NBP short inter-frame interval {SIFS) time and receive
a second frame after the third frame.

24.
63 The apparatus of claim 23, wherein the at least one processor is configured {o include in the
first frame or in the third frame a notification that an NBP will foliow.
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25.

165 An explicit feedback beamforming method comprising: fransmitting a first expiicit feedback
request frame; transmitting a null data packet (NDP) having at least one test field but not
having a data fieid; and a second frame is received with explicit feedback derived from the
NDP.

28,

172 The method according fo claim 25, further comprising the steps of: outputting controi
information based on explicit feedback; and {fransmitting a controlied frame based on the
control information.

27.

178 The method of claim 25, further comprising: receiving a Clear to Send {CTS) frame in response
to a Request to Send {RTS) frame in the first frame, and in which the NDP is sent to the
duration of the short inter-frame interval {(SIFS) of the CTS frame.

28,

184 The method of claim 25, further comprising: transmitting the third frame with reverse resolution
during an NDP short inter-frame interval (SIFS) time, and wherein the second frame is
received after the third frame.

29,
186 The method according fo claim 28, further comprising the step of: including in the first frame or
in the third frame a notification that NDP will foliow.

30.

195 An apparatus for supporting beamforming in a wireless communication network, comprising: at
least one processor configured to receive a nuli data packet (NDP) having at least one test
field but not containing a data field, output controi information to based on NP and transmit a
gontrolied frame based on the contral information; and a mermory device coupled to at least
oNne processor.

31.
203 The apparatus of claim 3G, wherein the at least one processor is configured to fransmit the first
test request frame and receive an NDP in response to the test request.
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32.

208 The apparatus of claim 31, wherein the at least one processor is configured to transmit the
reverse direction grant in the first frame, receive the second frame after the first frame, and
receive the NDP after the second frame.

33.
2w The apparatus of claim 32, wherein the second frame inciudes a notification that an NDP will
foliow.

34.

215 The apparatus of claim 32, wherein the second frame includes an indication that another frame
follows and in which at least one processor is configured to: receive a third frame after the
second frame, the third frame including an indication that that no other frame follows.

35.

235 The apparatus of claim 30, wherein the at least one processor is configured to fransmit a
Request {o Send {RTS} frame, receive a Clear to Send {CTS} frame in response to the RTS
frame and transmit the first frame after the CTS frame.

386.

231 A method for supporting beamforming in a wireless communication network, comprising:
receiving a null data packet {NDP} having at least one test field but not containing a data field;
outputting contrgl information based on the NDP; and transmitting a controlied frame based on
the control information.

37.
232 The method of claim 38, further comprising: fransmiiting the first test request frame, and
wherein the NDP is received in response {o the fest request.

38.

2¢2 The method according to claim 37, further comprising the steps of: fransmitting a reverse
direction grant in the first frame; and a second frame is received after the first frame, the NDP
being received after the second frame.
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39.

243 An apparatus for supporting beamforming in a wireless communication network, comprising: at
least one processor configured to transmiit a first frame with a test request, transmit a first null
data packet {NDP} having at least one test field, but not containing a data field, and receive a
second NDP in response to a test request; and a memory device coupled to at least one
processor.

40,
257 The apparatus of claim 39, wherein the at least one processor is configured to receive a
confrolled frame based on control information derived from the first NDP.

41.

262 The apparatus of claim 39, wherein the at least one processor is configured to output control
information based on the second NP and transmiit the controlled frame based on the second
control information.

42
268 The apparatus of claim 39, wherein the first frame includes an announcement that an NDP will
follow.

43.

273 The apparatus of claim 39, wherein the at least one processor is configured to transmit a
Request to Send (RTS8} frame, receive a Clear to Send {CTS) frame in response to the RTS
frame and transmit the first frame after the CTS frame.

44,

278 A method for implementing beamforming in a wireless commiunication network, comprising:
transmitting a first frame with a test request; transmitling a first null data packet {(NDP) having
at least one test field but not containing a data field; and receiving a second NP in response
fo a test request.

45,
285 The method according to claim 44, further comprising the step of: receiving the controlled
frame based on the control information output from the first NOP.
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46,

291 The method of claim 44, further comprising the steps of: outpuiting control information based
on the second NDP; and transmitting a controlled frame based on the second control
information.

47.

297 A device for calibration during beamiorming in a wirgless communication network, comprising:
at least one processor configured fo transmit a first frame with a request for explicit feedback
for calibration, transmit a null data packet (N3P} having at least one a test field, but not
containing a data field, receive a second explicit feedback frame, receive a probe frame, derive
a channel estimate based on the probe frame, and perform a calibration based on the channel
estimate and explicit feedback; and a storage device connected at least with one processor.

48.

sos The apparatus of claim 47, wherein the probe frame comprises an NDP.

49,

z16 The apparatus of claim 47, wherein the probe frame comprises {est and data fields.

5Q.

214 The apparatus of claim 47, wherein the first frame comprises a test request and a notification
that an NP will follow, whergin the prabe frame is transmitted in response {o the test request.

51.

219 The apparatus of claim 47, wherein the at ieast one procsssor is configured to transmit a third
test request frame after the NDP, wherein the probe frame is transmitted in response to the
{est request.

52.

325 A method for performing beamiorming calibration in a wireless communication network,
comprising: transmitting a first frame with a request for explicit feedback for calibration;
transmitting a null data packet {NDF) having at least one test field but not containing a data
field; receive a second explicit feedback frame; recsive a probe frame; derive a channel
estimate based on the probe frame; and performing calibration based on the channel estimate
and explicit feedback.
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53.
334 The method of claim 52, wherein the first frame includes a test request and notification that an
NDP will follow, wherein the probe frame is fransmitted in response to the test request.

54,
33g The method of claim 52, further comprising the step of: transmitting a third test request frame
after NDP, wherein the probe frame is transmitted in response to the test request.

55.

344 An apparatus for transmitting feedback, comprising: at least one processor configured to
receive a feedback request with channel state information {CSi) for calibration, receive a probe
frame to generate CS{ feedback based on the probe frame, and transmit CSI feedback no
subcarrier grauping and with full precision; and a memory device coupled to at least ong
processor.

88,

z52 The apparatus of claim 55, wherein the at least one processor is configured to transmit CSi
feedback in the administration frame having a grouping field and a coefficient size field, set in
the grouping field 0 to indicate no subcarrier grouping, and set in the coefficient size field 3 to
denote 8 bits for full CSI feedback accuracy.

57.
358 The apparatus of claim 55, wherein the CS! feedback comprises a CSi matrix for each of the
plurality of transmittable subcarriers.

58.

3a¢ A method for transmitting feedback, comprising: receiving a feedback request for channel state
information {C8l) for calibration; receiving a probe frame; generating CSi feedback based on
the probe frame; and transmitting CSli feedback without subcarrier grouping and with full
fidelity.

50.

371 The method of claim 58, wherein transmitting CSi feedback comprises: transmitting CS!
feedback in an administration frame having a grouping field and a coefficient size field, setin a
grouping field of § to indicate no subcarrier grouping, and set in a coefficient size field 3 to
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denote 8 bits for full C8I feedback accuracy.
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o HacTosmel 2a9BKe MCNPAIABACTCH NPUOPHTET B COOTBETCTBHH € TIPRABAPHTEARHON
sagpkoil CHIA Not(/816,988 noa nHassanueM «Cnoco® u cuctema obecrmeueHus oOpaTHOH
CBSI3H JJig IOPMUPOBAHUS Jiyya B CHCTEMax OecTipOBOAHOH ¢Ba3u» {"METHOD AND
SYSTEM FOR PROVIDING BEAMFORMING FEEDBACK IN WIRELESS
COMMUNICATION SYSTEMS"), nozanno# 27 uicHs 2006 roaa, nepeyCTyIiaeHHOH
NPABONPEEMHHKY HACTOSIICH 32 #BKH H BKITHHCHHON B HACTOSUNRA JOKYMEHT NOCPEACTBOM
CCBUTKH.

Yposeus TEXHUKH

GOnacTe TEXHMKY, X XOTOPOH OTHOCUTCH HIOOpeTeHuS

HacTosmee packpsitie, B ¢OMeM. OTHOCUTCS K O0NACTH CBS3H U, 00Jiee KOHKPETHO, K
TEXHOMOMHAM NEPEAAH HHOOPMALEIRA OOPATHOM CRA3M 18 GOPMIAPORAHMA JTYHA B CHCTEMAR
OECHPOBOIHON CBIIH.

Onucanue HPeImeCTRY ICTD YPOBHS TCXHUKN

B cucreme HECtipOBOTHOM CBAZH B NEPEIATHAKE MOKET HCITOAB30BATECSE MEOKeCTRO (1)
fIePEAAISIENY AHTEHH 14 IEpeaady JaHHBIX B OPHEMHHK, 000DYAORAHHBIN
MHOXECTBOM (R} OpueMybix afgTeHR. MHOXECTBO NepeiarOIfiX ¥ IPUSMHBIX dAHTCHH
GOPMERYIOT KAHAJT ¢ MHOMXECTBOM BXOZOB H MHOXKECTBOM BbixogoB (MIMO), koTopwiit
MORHO HCTIOIB308aTH A8 [TOBLIUIEHHS HPONYCKHON CROCOOHOCTH WM YAVITHICARS
gaaexuoctTy. Hanpumep, nepeaarTauk MOXeT HepeJasaTh BILIOTH 40 T HOTOKOB JaMHbIX
OAHOBPEMeHHO vepe3 T nepealouiux AHTEHH A% yIYHHCHHS TPONYCKHOM cnocoOGHOCTH. B
KauecTne albTePRATHRDI NEPSAa TIHK MOKET NEPEHaBatTh OJUHOTHBIN ITOTOK AARHBIX 9€PE3
see T pepeaaiouiux aHTCHH A YilyHeHus NPUEeMA IPHEMHUKOM,

XOpOoine XapPAKTePUCTHRA (HATIPAMED, XOPOTHAR TIPOITYCKAAS CNOCOOROCTH) MOFYT
GLITh TIOYYEHBI TIPH NEPERAYE OAHOr0 HIH OONbIES FOTOKOB BAHHBIX ¢ (HOPMUPOBAHHEM
ayud. Juist popruposatms iyda, NEPEeARTHHK MOKET HOAYHATL OREHKY KaHana Aig
rarana MIMQ, BuBOIMTE MATPHIEL! YIIPABACHNHT HA OCHORBE ONEHKH KAHAJTA H BhITIONHATS
APOCTPAHCTBEHHYIO 00PaCOTKY TTePeaatH ¢ IIOMOULRIO MATPHY YITpaBiieHus. {lepegaT sk
MOKET HOAYYATD OHZHKY KaRANa HECKONBKAMU CHOCOBAMH B 3dBHCHMOCTH O CXEMMBY
AYTIICKCHPOBAHKS, HCTIONB3YEMOH CHCTEMOMN, ¥ BO3MOXHOCTEN NiepenaTyika ¥ MIPHEMHHKA.
JenatenthHO TOMNEPAHBATE POPMHUPOBAHHE fiyya ¢ HACKOILKO 3TO BO3MOAHO MAiot
CHOKHOCTSEO KaK 71 epedaTuika, Tak U JJid IIpHeM HUKa.

Cyrmmocts nsofipercuus

30eCs OFUCAHB! TEXHOMOTHH NOLICPKKH (BOPMHPOBLRMSE JITyya IS CTaHuuil 8 CeTsx
GecrtpoBoAHOI ceazn. B 0FHOM ACHeKTE CTAHHHT MOXKET HOAZL[MKUBATL OPMUPOBAHMS
JYYA ¢ HERBHON 0OPATHON CBAZLID UMM SBROM 0OPATHON CBA3BIO, 0ONEAES BOIMOKAOCTHIG
nepeRaBaThk H NPHHAMATS KaIPE 3CHOUPOBAHUG, OTBEYaTh Ha 3aNIPOC TECTUPOBAHKA NVTEM
nepeiatn Kagpa 30HARPOBAHYR H OTBEYATs HA 2anpoc ssnoll oOpaTHol casizd, Hespuas
oOpaTHa® CBS3b H siBHAsT COPAaTHAN CBsI3b TPEICTABANIOT COOOM ABa Crioco0d MOy HeHUR
pHGOpMaMy o kaHaise MIMO u onucaHsl HEoke. {TaHUUs A0/KHA O0RaJATE
£TIOCOOHOCTB I BRIITOAHS T HEABHOE HIIKM ABHOe HopPMUPOBAHHE iyHa ¢ APVIOH cTarnHeN,
0OHAAAIOUIEH TAKUMU #KE BOIMOMHOCTEMU.

B ApyroM acrieKkTe CTaHIUA MOMET OCYIHECTEASTh GOPMHPOBAHHAR Ty, HCHONE3YS
SEHYEC OOPATHVES CBA3b H 30HAHPORBAHHE ¢ HYJICBHM MaKkeToM AaHupix (NDP), CTaHyug
MOKET NePEAABaTL NEPBbI KAAD ¢ 33N POCOM HA FBHYIC OOPATHYHO CBsi3h H MOXKET TAKKE
nepedasath NDP, HMEIOUi, M0 MEHbIICH MEPE, OJHO HOJIE TECTUPOBAHNS, HO HE HMEIOTIHH
nosic ZaHHsIX, CTaHIHUS MOXET NPUHUMATL BTOPOH Kagp € ABHOH OOPATHON CBI3bic,
KOTOPas MO#ET ObITE BoIBeAeHA Ha ocHone NDP, Crannust MOMET BRIBOEHTE WHOSDMALHIO
VHPABICHUS { HAPHMED, MATPHIAbE YOPABACHHA) HA OCHOBE ABHOH 0OPATHOH CBATH H MOXKET
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2ATEM [ICPEIABATE YITPABTEEMbIH KaXD ¢ GOPMAPOBARHEM 1¥9d HA OCROBE HHpOPMALHU
YHPABIACHUA.

B emie oHOM ApYroM aCHeKTe CTAHHMT MOKET BPBINONHETE OPMHPOBAHNE AVHA C
HestsHOM 05PATARON CBS3b80 U 30HIMposanne NDP. Crasims MOXET Nigpeiasals nepebiit
KaIp ¢ 3afpPOCOM TCCTUPOBAHKSA U MOKCT IpuHuMaTth NDP B otReT. CTanig MOXKET
BbiBOANTL HEDOPMAIMO YIIPABIACHHRA Ha ocrose NDP 4 MOwer 2a1eM repesasars
yrpasiseMsit Kaap ¢ GOpMUPOBARKHEM ¥9d HA OCHOBE HHQIOPMAaiHy YNIPABICHHS.

B eitic 0/IROM APYTOM ACIIEKTE CTARIUAR MOMET BRITOMASTD ABYRANPABICAHOR
BOPMUPOBAHHE JTYQa ¢ HEBHON oOpaTHO! ¢BAZLI0 U NDP souanposanues. Crasiuys MOKeT
AePeAaBaTh HEPBR KA € 3aIPCCOM TECTHPORAHHAR H MOXKET TAKKE TICPEAaBaTH
pepseit NDP aubo 1o, sudo nogse iepsoro Kajgpa. CraviHa MOKeT NPHEUMATE HepBbif
YHRPaBASeMbli Kaap ¢ ®OPMHPOBAEUEM JIYUa HA OCHOBE HEPBOH NHPOPMAUMY yTIPaBACHHS,
KOTOPas MO#ST ObITE BeIBEAeHA 13 neproro NDP, Craviys MOXET TAK#E HPHHUMATS
sropolt NDP 8 0TBET Ha 3anpOC TECTHPOBAHHSA U MOXET BHIBOAHTEL BTOPYID HHpOPMALinG
YHPAaBIACHUA Ha OCcHOBE BTopore NDP. Crannng MOmET 3aTeM HepeaaBate BTOPOH
YHPABISEMBI Kaap ¢ GOPMEPOBAHMEM JIVHE HA OCHOBE BTOPOH HHGOPMALMI YIIPDABICHIS.

CTAHOHS MOXET TAKMKC BBINCAH TR (POPMHUPOBARKC VYA ¢ 30HAHpOBanueM MPDU, 8
KOTOPOM HCTiOE3YIOT KAADEL, MMEKIUE KaK [TOJIF TECTHPOBAHUS, TAK U 1TOJi8 TaHHBIX,
Takol xaap MoKeT nepeHounts Moayap Auinbix (MPDU) B cooTBeTUT81HH € IPOTOKOIOM
YIpARICHHS AOCTYNIOM K cpeie nepeass (MAC). Pasnuiybic aciekThi 1 CROFCTBA
pACKpBITHA DoNIee TOAPOGHO ONUCARDBE HIKE,

Kparkoe suucanmne yeprexet

Ha ¢ur. 1 nowazana ceth BECTIPOBOIHON CBAIM.

Ha $ur.2A, 2B u 3C nokaszaus Tpu gopmata PPDU B cootBercrnuy ¢ IEEE 802.1 in.

Ha dmr.3 noxasas diopmat kaapa MAC B coorrerersyu ¢ TEEE 802.1 In.

Ha goir.4 moxazano ofHOHATIPASIHEHHOS SIBHOC HOPMRPOBAHUE VYA
304 apopannem NDP.

Ha ¢ur.3 nokasaHo HESBHOE OAHOHANPABASHHOR hOPMHPOBAHUE IYYa ¢
30HIUPOBaHHeM NDP.

Ha $ur.6 rokazaHo HERRHOS ABYHAITPABIEHHOE IOPMHPOBAHHE JTyHa
3o0HANpOoBanueM NDP.

Ha dhur.7 nioKa3aHO OfHOHANPABICHROL ARHOC GOPMUPGRAHNE VHA ¢
soHa¥posansem MPDU.

Ha ¢uir.8 Toka3aHo HEIBHOS OJHOHANPABACHHOE GOPMUPOBARKE TYHa €
zou mpoBasuem MPDLL

Ha $ur.9 noxasaHo HEABHOE OBYHANIPABAEHHOE (POPMHPOBAHKR TVua ¢
3oHauposanem MPDU.

Ha ¢wr. 10 noxazasa xamMbpoBKa ¢ 30HaIMposanueM NDP.

Ha dmwmr. 11 norkazaHa kaauOpOBKa ¢ 30HAMPOBaHUeM MPDU.

Ha $ur. 12 noxazana xanudposra ¢ OAHOBPEMEHARM 30HAMpoBatinem NDP u MPDLUL

Ha ¢wr.13 nokazas Kagp VITPpaBIeHus U neperasy HedopManii O COCTORHUN
xaHata (TS5, WUCK) o xasany obpaTHOM CBA3H.

Ha dur. 14 1 15 noxazaHo HOPMUPOBARHE Tyda CTAHIUCH.

Ha &ur 16 1 17 10Ka3a80 a8HOE (hOPMUPOBAHHME Nyya ¢ 30HAMpOBaHHeM NDP.

Ha ¢wur. 18 u 19 noxaszano neasroe GopMUPOBAHHE 1v4da ¢ 30ARHPOBaKHHeM NDP.

Ha ¢ur.20 u 21 nokazano AByHaPARACHHOE HedBHOoe DOPMUPOBAHYE Jyyd ¢
30R4Uporantem NDP.

Ha $nar.22 v 23 noxazana xanudposka ¢ 30HaRpoBandeM NDP.
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Ha .24 11 25 noxaszana uepeiada oOpatHoi ceazu ¢ UST gy xanndposky.

Ha dmr 26 noxasaHa OIOK-cXeMa ABYX CTaHHHH.

Tloapobuoe ormmcanne waobpercanx

TexHORONMM, OTNIMCAHRBIE 37CCh, MO HO HMCTIONTL208ATh B DAIUYHDBIX CETSHX ¥ CHCTEMAX
DecTIpOBOIHON CBAGH, TAKHX KAK 0eCH POBOSHBIC TOKALH bIC BLIYHCITHTEIBHBIC CETH (LAN),
OCCIPOBOIHBIC FOPOACKYE ceTy Meranoinca (WMAN), OcCnpOBOIHBIC PETHOHATBHBIC
BbrupCAATEeNbHBIE CeTH (WWAN) 1 7.4 TepMHHBI "cetr” 1 "CUCTeMBI" 4aCTO HCIOMB3YIOT
B3AWMO2AMCHAEMO,

Bo WLAN MoxeT OsiTh BOITOIEHA JTI00As U2 PAIMOTEXHOJOrR ¥2 cemeHeTaa
crapgapres IEEE 802.11, Hiperlanu 1.1, B WMAN Moxer OrTs BOomeH cranzapt IEEE
80Z.16 ¥ 1.1 WWAN MOXET ApeACTarisTh CO00U COTOBYH? CETh, TAKYIO KK CCTh
MHEOKECTBEHHOIO JOCTYNA ¢ KOJOBBIM pasieicHueM kasanos (CDMA), ceTb
MHOKECTEEHHOTO OCTYNA ¢ BPEMEHHBIM pazieiierneM KanaioB (TDMA), cers
MHOXKECTBEHHOI'O AOCTYA ¢ YaCTOTHBIM pazaeicHueM (FDMA), ce
optoroHaibHoro FIIMIA (OFDMA), cetb FDMA ¢ 0aHON Hecy et (_;SC-FDI\/EA yHT.A. Hag
SCHOCTYH OUPEICHSHHBIE ACTISKThl TEXRONOUHI onncansl Hnke s WLAN, B8 Koropo#
pornouicH ctanzapt IEEE 802.11n.

B crangapre IEEE 802.11n ycnonbayeres MyNbTRIVISKCHPOBAHHE € OPTOFORAALHBIM
HaeTOTHBIM pazaeiienueM curnanos (OFDM), kxoTopoe apeactasaser OO0 TEXHOROIHES
MOIYJISHKH, KOTOPAT PA3ASAACT IT00CH NPONYCKAHHE CHCTEMbBE Ha MHO®ECTBO (K)
OPTOrOHANLHEIX FrosRecynmx. Jima padore B mpeaemax 20 MIn v cootrercrnun ¢ IEEE

802.11n onpeaenenc o0wee KOAHEECTRO HoaHecyinx K = 64 ¢ ucnonbiopaiuem OFDM, u
WM HAZHAMCHBE PHACKCH 0T -32 Ao +31. O0niee kommuecTro 64 NOAHSCYINAK BEINIOYULT B
ceQa 52 nomuecyIie JaHHEX ¢ HHIeKcaMK £{1...,6,8...,20,22..., 28} 1 9eThIpe NHAOTHBIX
goaHecyiuy ¢ nuaexcamn £17, 211, Hoane wiuym DC (nocrogyHoro Toxa) ¢ uuaekcom 0 us
OCTANBHRBIX TTOMHECYIIHX He Heonis3yoT. Jma padorsr B nonoce 40 MIn s coorsercreun
¢ IEEE 802.11n onpegeiteHo cyMMapHOe KOJIHyecTBO itoaHecyminx K = 128 ¢ unjekcamy
OT -64 10 +63, H OHM BKIOWAIOT B ¢e0x 108 NOAHECYINK JAHABIX ¢ wHaekcaMmu £{2, 10, 12,
24,26...,52,54.. ., 58] M 1IeCTE HHIOTHRIX HOAHECYHINX ¢ MHAekcaMu +{11, 25, 54} IEEE
02,1 ln Taxwe noaaep ) uBaet nepeaady MIMEO dyepes MHOXRCTBO HEPSTAIOIIB aHTCHH B
MHOXKECTBO nipueMHbiX aHTeHH. IEEE 802.11n onmicax B IEEE PRO2.11n™/D1.0 oz
HazpaHuem "Part 11 Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY)
specifications: Enhancements for Higher Throughput” o1 mapra 2006 rojxa v B IEEE
PBO2.11n™/D2.00 noa HasparueM "Part 11: Wireless LAN Medium Access Control (MAC) and
Physical Layer (PHY) specifications: Amendment: Enhancements for Higher Throughput" ot
thepang 2007 roga.

Ha ¢ur. 1 nokazana oecapopoatas cets 100 ¢ Touwol 110 joctyna H MHOKECTEOM
cranuit 120. B obigem covyaae OecrpOBOXRAS CETh MOXET BRINIOUATE B ce0x riioloe
KOJTMYECTBO TOUECK AOCTYA M Mo00e KOIEIeCTRO ¢TaHnui, CTaHIUA A PEACTaBIsNeT COOOH

CTPOHCTBO, KOTOPOE CRAIBIBALTCY C APYIOH CTAREHEN Yepes OeCRAPOBOJRVIO CPEAY/KaHA.
Lmnumo TAKOKE MOXHO HAZLIBATE TEPMHHAIOM, MOOHITLHOH CTatiuelk, 000pYIOBAHHEM
H0JbL30BATE/st, MOAYJIEM aDOHEHTA ¥ T.A4., ¥ OHA MOMKET COZEPHKATh HEKOTOPKIE AT BCE KX
cpvakurn. CTAHIUN MOKET IPEICTABIATE COOOH COTOBBIA TemedoH, IEPEHOCHOE
VCTPOHCTBO, OeCcTipOBOHOE YCTPCHRCTRO, KAPMAHHBI ePCCRANEHBIN KoMIThioTep (PDA),
HEePEHOCHO KOMIIbIOTED, HEC ‘nposomimﬁ wMofmeM, OccnipoBoauslit Tesedod 1 1., To4ka
FOLTYNA APeACTABASLCT COOOH CTAHIMIO, KOTOPAA 00CCTIeUHBACT JOLTYN K YC/Iyram,
PACHPEACHTCMBiM HeP ez OCCU POROAHVIC CPEILY, )Tt CTAREHA, ACCOMUPOBARHBIX ¢ 310

TOYKOH BOCTYITA. TOYKY JOCTYTA TAKKE MOWKHO HA3BIBATH 0a2080H cTariimell, 6az080H

Cin: &
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uepesaromies cranmuelt (BTS), yvaooM B ¥ 7.1, ¥ 0HA MOXET COIEPHKATH HEKOTOPHIS Wik BCES
ux dyuxnpn. Ctagpas 120 MOryT eBa3eIBaTRCA ¢ TOUKOH 110 ZocTyna WM Apyr ¢ ZpyroMm,
HCHOIB3YA HePelauy JAHHbBIX MEKIY OAHOPAHTOBBIMY y3ltamy ceTH. Touxa 11D gocrtyna
MOXMET OBITH COESMHEHA € CETHIO 130 Janubm H MOMET CBAZBIBATHCH C APYIHMU
yeTpolicTBaMy ¥epe3 6Tk ZaHHBIX. £ eTh 13{) TaHHEIX MOKET TPEeIcTaBlsTh cOOOMH
Hurepuer, yarpanet w/uiy ooy pyryio kadeibryio niin GECT POBOIH YO CeTh.

TexHOIOr M, ONHCAHHbLIE 3HECH, MOXH O MCOTb30BaTh His MIMO nepexaqn no
HUCXOIUUEMY KAHAILY TIePENA™H, BOCKOITIIEMY KAHAY TEPCIRYR 1 MESHILY
OAHODPAHTOBLIMY y3taMu ceTy. s uucxogaumedt nepesasy ganupi touka 110 zocryna
MOKET UPACTABAgTE CODOM NepeaaTHHK ¥ cTanuus 120 MOXKeT UPeICTaBIsaTE CoOOH
UpueMHuLY. A8 Bocxogaumed nepenady AaHHbiX cTasiag 120 MoryT UpencraBisTs codoi
AepeIaTHHKH ¥ Touka 118 goctyna MoXkeT mpeacTtasnaTs codolt npueMHuk. Hpu nepemave
MERAY OJHOPAHTOBBIMM VAMY CSTH OHA w3 cTaHiul 120 monet npeauraBisits coboi
gepesatuuk H apyras cramius 12( MOXeT NpeJcTaBasTh cool TPHEMHUK.

Kasan MIMG, chopMupoRaHHbIf MHEOmECTBOM {T) epeiaioiink ayTeHH B epeiaTuHKe
¥ MHOKeCTBOM (R) NPUSMALIX AHTEHH B HIPAEMHUKE, MOXET OBITH OXaPAKTePH30BAH
Matpuges H,. coctosmwed 3 R x T kananos, 478 Kaxkaol noaHecytiel K win kaKIoh
IMArOHANNZUDOBAHA B DERYIILTATE BHIMOITHEHHA P A3JTOXKSHUR O COOCTBEHHOMY 3HAUCHUID
MaTpHLEBE KOpPensipin s Hy cieryiouinm oGpasoM.

R, =HyH, = Von, V. Yp(D)

ST,

e Ry npeacrasiser codoir matpuuy koppeasuiu T x T nng Hy,

Yy peacraBiger coOolt yHuTapHyio Marpray T x T, CTOa0Hs KOTOPOH UPERCTABIRIOT
coboM cobeTreHAbIE BEXTOPSHL Ry,
Ay npeferaBageT codolt maronansnyo Matpuiy T x T coOcTBen by 2HaMeHult Ry, 1
"H" oGo3Hayvaer pe3yabrat COnPSKEHHOTO TPAHCTIOHUPORAHNS.
cODOU MATPRIY TORIECTBEHROCTY. CTondubl YRATAPHOH MATPHIBL OPTOTOHATBHBL APYT
IPYTY, H KOKIRIN cToNGel UMeeT eAMHAIHYIO MOUIHOCTD. ¥y, TaloKe HAa3bIBAeTCH MaTPUHIEH

SHAMEHUA BOOMNL MMATOH AW H HY.JHH BO BCeX APYTHX Mectax. JMarosalfbHbie 3HeMEHTh! Ay
npescTasanot cobop codeTseHHbie 3HAYSHMS, NPSACTARNSTOMHE KO3GEUUMEH T yoenjieHns
MOIHHOCTY COOCTBEHHBIX MOT Ry.
Hepenatanx (M1 GOPMUPOBATENE 1¥94) MOXKET BBIIOKHSTD NPOCTPAHCTBEHHYIO
o0paloTry nepeiaun 118 QOPMUPOBAHUN JyYa /s TpHEMAMKA (W Tonydaress

BOPMUPYEMOTT Ay4a} CHEAVICHIMM 00pa3oM:

L A 1 Vp. (2)

TAE Xy NPEACTABAAET COOOH BEKTOD, COMEPKAIUY BILIOTH 40 T CUMBOITOB JaHHBIX,
NPSAHAZHEMEHHEIA 439 epedasy noaHecyuel K,

(3, pencranaFeT COOOH MaTPROY YIIDABICHWA [T NogHeCyHed k, Koropas moxer Obith
BbIBEJCHA HA OCHOBE Y. H

7, NpeacTariset coOoll BexTop ¢ T BRIXOQAHBIMY CUMBOSAMH JiH T TeperaoiiuX dHTeHH
JHESL TLO AHeCyiiel k.

B xoae dopMupoBaHUA fiyHa B COOTBETCTBHY C YPaBHEHHEM (2) YAPABASIOT WU
GOPMYIOT IYUH, HepeiaBaeMulie U3 NiepedaTunka s ipHeMHuK. Jdias adiex TURHOTO
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dopMUAPOBAHUA yHid TEPSAATHUR JOJDKCH HMETh TOUHYIO OUCHKY OTKIHKA Kanama MIMO
U3 TIEPeAATHHKA B TPHEMHHK. ZFTY HHPopManmio Karanza MIMO MOKHO HCTIONL30BATE LM
BbIBOZAA COOTRETCTBYIOUINX MATPHIL YITPABJICHHS A% TPOCTPAHCTBEHHON 00paboTEH#
nepesaM, 41 RAPABACHHS YWl 13 ePesaTumKa K TPHEMHHKY.

POPMHPOBAHHE JTYYa MOKET OUYLISCTBIIITECS PASTHUHBIMY C1TOCO0AME H MOXKET
NOICPKHBATHLCH PATHWHHBIMH MOAYIIRMA JaHALIX npoToxona (PDU}. st scrocty Hinxe
orucano GOPMIPOBANYUE fIyHa ¢ HeonbIoBaruenm PDUL onpenenensnice B [EEE 8821 in.

BIEEE R02.11n mpoTokon MAC obpadarbiBaet fansbie kak MAC PDRU (MPDU). 3atem
NPOTOKON CXOIUMOCTH huzuyeckors ypoBHA (PLEP) obpadartsisaet MPDU gis
renepupopanus PLCP PDU (PPDU). PPDU Tamoke MOXKeT HA3BIBATHCH TAKETOM, KAAPOM 1
1.4, Puzryeckuit yposens (PHY) 2atem oOpadartbiBaet # nepepact kaxastit PPDU yepes
Oecnipoeoanyie cpeay. B IEEE 802.1 In Mosxkp0 Heroab30Bath PPDU ¢ BhicOkofl TpoTTVeKHOH
ciiocobHoeTRio (HT-PPDU} s nepexasn MIMO y2 MU®KeUTBA NEPEIASOIIMY AHTEHH B
MHOMKECTBO TTPHEMABIX AHTERH.

Ha dur 2A noxazana crpykTypa HT-PPDU 219 co ememmannsiv gopmatom HT p IEEE
802.1 In. HT-PPDU 210 prisovaer B ce0F npeaMOyay CMEIaHHOr O PEKUMA, NOCIE 9810
clienyeT nosie Zauubix. HpeamOyiaa cMelaHEOTO PeRUMA BKIFOYAET B ¢e0# (1) npeambyny
HACHCAOBAHKA, COCTOSUHYIO H3 KOPOTKOPO TECTORONO 1oy Hackerosanus (L-STF)y ¢
AEHHHOrO Noas Tectrposanuz nacieaosanus (L-LTF), G) mone curuana Hacneaosanng (L-
SIG), (iii), mone cursaima HT (HT-SIG) u Gv) HT-nipeaMOyny, COCTORMIYES M3 KOPOTKOTO
nosag Tectuposanng BT, (HT-STF} u oanoro anm 0oibie MHALIL TToNeH TectupoBanns HT
(HT-LTF). Konuuectsoe HT-LTF papHO win 00AbLIE KOJHYECTRY NOTOKOR JAHHLIX,
TIEPEARACMBIX O/IROBPEMEHHO. JIJIHHHBIE B KOPOTKHE NONS TECTRPOBANUR MOTYT
TIEPEHOCHTL U3BECTHBIE CHMBOIEL TECTUPOBAHESI, KOTOPBIE MOMKHO HCTIONIBL30BATL A
AETEKTUPORAHMS KAADA, TOAYHYCHUSE BPEMEHN, OUSHKEH HACTOTH M KOPPEK UMY,
asroMaTraeckoll perymaposkn yeunenas (AGC), ogenks xawama v 1.4, Homs L-S1G n HT-
SHG MOTYT fiepeHOCHTDb HHGopManuio curvalios ang HT-PPDU. Hanpumep, none HT-81G
nieperocuT (1) none Length (JInnna), Koropoe ofo3HayaeT JUMHY TOAR JaHRRX H (i)
noxe Not Sovnding (OreyTeTsue 30BIMPOBAHUA), KOTOPOE 0003HAUACT, IBASETCE UITH
ner HT-PPDU zonanpyemuyv PPDUL Souanpyrotentt PPDU npescTapiset cobol PPDU,
12PEHOCH I M U3BECTHDBIE CUMBOJIRI TECTHPOBAHHE, KOTOPBIE MOXKHO HCHONL3OBATDL AJTd
OIeHKH KaHara. T{lome nadusix eperocuT noaesnym Harpyaxky HT-PPDU, xoropas MoxeT
NPeICTABAATL COOOH OiMH Witk Bonbie MPDU H MOMET UMETD TEPEMEHRY 0 JUTHIY,
0003HAYECHHYIC 1T0JteM Length,

Ha dnr 2B moxazana crpysrypa HT-PPDU 228 ¢ gopmarom HT (B va norolr
ocunoBe {greenfield} B coorsercTRuy ¢ IEEE 802.1 in. HT-PPDU 220 BramgaeT B ceds
npeaMoyITy hr@pMaTa Ha HOROM OCHORE, HOCHE KOTOpol cirgaveT noie janusix. {ipeamOya
thopMaTa Ha HOBOHM OCHOBE BKIHSUIACT B ce6X KOPOTKOE 110Jie TeCTHPOBaHY Gopmara Ha
gosoli ocuobe H'T (HT-GE-STE), mundoe noxae Tectupopanus HT (HT-LTF1, BII-JITEH ),
nosre HT-51G 1 oano uam Sonpuse noset HT-LTF,

HT-PPDU Z21( 1 228 MOXHO HCIIOHNE30BATh Kak soHanpyiowige PPDU mryteM yCTaHOBKH @
B ROJIE OTCYTLTBHA 30HAUPORanus {Not Sounding) U BRIUCUCHUA JOCTATOYHOTO
kojmuectsa HT-LTF. 3ouaupyioimit PPDU, xoTopsill 1epesoCHT JanHbBE, Ha3RBACTCS
304 aupy oy MPD

”

Ha ¢ur.2C moxkazana crpykrypa naketa 230 pynesbix Aanusix (NDP) ¢ npeamOy 101
thopmaTa Ha HOBOM OCHOBE B co0TBeTCTBHH ¢ IEEE 882.11n. NDP 239 npeacranigeT coboit
soHaupyromiHit PPDU, Koropeid He fEepeHocUT SaHHbIE ¥ KOTODRH TAKIKE MOXKET

HAZ6IBATHCY KaApOM RYyNesoil annkbl (ZLF) 1 1.1 NDP 230 Moxer ObiTh CfhOPMUAPOBAH
Cro: 8
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myreM veranosuy O 8 noste Length, veraHosrl § 8 none Not Sounding, Biitiouesus
TOCTAaTOYHOro KosiyecTBa HT-LTE M HCRITICUSHUA 1TOMA JaHHDLIX Data.

HT-PPDU 210, 220 1 230 nipeacTaBImoT cobo# HexoTopbIe hopMaTthl PPLU,
rogaepwusaemeie IEEE §02. 110, Dopuare PPDU, nogmepxusaemsie IEER 8021 1n,
OITMCaHBI B yKAZAHHMK BbIIUe ZJOKYyMeHTax IEEE 832.11n.

Ha ¢ur.3 nokazaua crpyetypa kaapa 300 MAC e coorpererann ¢ TEEE 802.1 1n.

Kazp 300 MAC Brroouaet B cedst pasznnanke o, takue kax nosre HT Control (vrrpanienue
HT), vone Frame Body (teno Kajpa) ¥ 10N€ HOCReA0BATS/IbROCTH APOBEPKH Kaipa (FCS).
Hone Frame Body nepeHoent aanHsie ang kaapa MAC. Hone FCS nepenocut 3Hagenue FCS,

KOTODOE TCHEPHPYIOT HA OCHOERE CORENKAHNUA APYTHX HoMet Kaapa MAL 1 MCHOAb3YIOT
o gerexTHpoBanys onMook kanpa MAC. [one HT Control BrirowacT B ceOF pasiuyHbic
noJg, Takye Kak none Link Adaptation Control (yHpaBAcHHE adanTaiyell COSTUHCHUA),
none C8I/Steering (CSI/ynparieune), noxe NDP Announcement (TB3 yrenomienue) v none
fpejlocrasienust obpatHoro Hanpasserud (RDG)YMore PPDU. Hone Link Adaptation Control

BKAICHALT B ¢eOs noje 3anpoca Tectupopannus (TRQ) u sanpoc MUS unu none Antenna
Selection Indication (MHARKauUM Ber0opa anTednnl) (MAT). Tore MAT siovaet B ce0F nojie
zanpoca (MRQ) cxembl (MCS) korupopanus Mogyastiii. B Tabanue 1 npeacraBiieHsl
pazimvuaslie 11008 MAC, noxazadHeie Ha GHN.3, M ApEICTARICHO ONACAHKE JIA KaKI0ro
aonss MAC. @opmate: kaapa ¥ nosiell MAC 1 pasnasyspx THHOB 28108 00paTHO# CaxR3y,
obozHadYeHHRE nodem CS1/Steering, ONHCaHsl B yKA3aHHEBIX Bolllle ZoxymMmeHTax IEEE 80Z2.11n.

TaGmma 1

[Tose MAC Oumcanue
1RO { = NepeATIHK OTRATYNK A, BE NOIYVUUT 3ANP6C NePIa TR SCHITHDY Kt PP,
JAN W, p . Yy
1 = nepemaTwx OTBETHKXA IICTY TN SALPOC NePefiTh SONRUPYIomuA PPDU.
0 = we zanporena odparras cusss MCS
{ 8NP Sparr 5 MOCS
MRQ ?

1 = 3annomesa obpaTHas cusizb MUS,

0 = o0paTuAz CBN3E He Tpehyercs,

1 = zampoc Ha obpaTtayIo eBsh CS1,
¢ HA HECHATYIC MATDHRY CCPATROR B3 POPMEPOBAHHS JIVIA.
3 = 33P0 Ba CRATYIO MATPHILY ofpataol caAzn HopMUPOBARIAE Jy1a.

CSESteering

0= aanee ge cieayer NDFP,

NDP Avcouncement
1= manee eneiyeT NDP.

0 = PP neperocwinin kaay MAT, BPefeTaRifser CONOH FOCIETRON FEpenssy
1 =nooe PPDU, nepegocarers xaap MAC, ¢ er APy o PP,

Q= 5e frepeliafo IpefocTapiieme cOpaTHOrG HalpasiieHis,

1= RPRCYTCTBYET NPROCTABNCHNES 00 PATROTO HANPSERNSHHE,

RDG/More PPDU

B Tabnuie 2 npeacTaBicHo ABA THHA 30HIAPOBAHMA W B Helf NPEACTABICHO KOPOTKOE
OTHICAHUE KA OO THI 208 upoBaHug. NDP He nepeHocHT kaxp MAC H, Taxum o0pazonm,
He coaepxuT itoe HT Control, CAEZOBATEMRHO, MOTYT CYIHECTBOBATH OTIPEICICHHBIC
OrPAHREEHHE 10 Henoas30Baguio NDP, a taioke 1o ¢nocody BOIMOWHOMK tieperaan NDP,

Tadmura 2
Trn sonmpOBa R @ruica e
Soumponanie MPDU ICTOTME30BAHES N3HH, NEPEROCANMX 30RTpYIcn PPDU u none AT Control.
Sorpiposanye NP Venonmosasye 308 UBYIoners PPN KOTOPRT HE HePeROCHT MERANE H He ¢oicpaut nons BT Control.

B Tabnnue 3 ApeactasicHl 182 THIIA CXeM/00pATRON CBA3Y /I8 QOPMUPOBAHHT Ny,
nogdepxusacveix IEEE 302.1 11, ¥ 1peaocTasiicRo XOpOTKOE OIHCAHME KKIOVO THIIL
0OPATHON CBAZM.

| TaGmuis 3

Tuss ofparuod cesm Quuica ue

Crp: @
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TTonyaTen, o pMipoBains IyIa Nepejiaer songupyonmil PEDT.
Hessras obpatdas ceaze | DOpMEPOBATONE ByYa BEIBOIMT OHCHKY Kanana MIMO w3 scummpyrowere PPDU ¥ pacesuThiBaeT MATPHIb
VHPABAEHI Ha OCBOBE CI2HKH Xxana1a MIMO.

DOPMHPOBATEN FYUR HePSIAST SOIMPYIouynt PPDU
Tonygarens (popMHPOBaHA JIvaa BRBOINT CHERKY kaBana MIMO w3 sonmpyoniero PPRU H nepeiaer cyraan
ofpaTHON CR3N B POPMHPORATSIS NyUa.

fanag o6paTHas CBiEsh

d)!}lelpOBﬁTﬁ]Jb AVNE PECOMTRIBACT MATIUIL! VIPABICHWYS Ha OCHOBC Uﬁp‘dTRi)?’( CHIIN.

Hestgryio 00paTHYHY CBS3E MOWHE MCNOb20BATh B CETHX /IVILICKCUPOBIHNS &
BpeMeHRBIM pasaeiaeHmes (TDD), B KOTOPBLIX Nepesayy MekAY CTaHiHIvMUE OCVIHECTBASIOT
O OJHOMY YaCTOTHOMY KAHAAY C BPEMCHHbBIM DA3IeicHHeM. B 2TOM ¢aydac OTKITHK KaHajaa
IE OGHOI O COSHMHEHKE, KAK MOKHO NPSANCHOKNTE, IPEACTABIACT CODOH B3aMMHEBH]
OTKIIMK KaHAAa Oig APYFOFO COSAUHeHMS. ABHYIO OOPAaTHYIO CBI3b MOMHO HCTIONB30BAThH
Kax juist cetelt TDD, rax W 19 ceTelt ZVIRSKCHPOBAHMA ¢ YACTOTHRIM pasienennem (FID).

WO PMEDNCEAFME TYIa MOXKHO HCHOALR30RATE, €CAH NeDNCRA0IHAS CTAHIUE U IPHEMHAR
CTAHTHSE 00¢ NOAASPHWBAIOT O/THHAKOBBIH TUTT ODPATHON CBA3M, KOTOPBIH MOKET
NPEHCTABAATE CODOH HesBHYIO OOPATHYIO CBAZBIO MW SBHYIQ 00PaTHYIO CBH36. EChn oHAa
CTAHIMA TOAACPKHUBACT TOABKO HESRHYIO OOPATHYIO CBA3b H APYrag CTAHUMA
TOMEPHKURAST TONBKO ABHYIC OOPATHYIO CBA3R, TO HOPMUPOBAHKE JTYHa MOXeT OBTh
HEIOCTYTHRIM A/ 3TUX CTAHIMI U3-33 OPOOEEM BIaUMOZENCTBUA MEXAY ABYMA THIIAMHA
o0paTHOM cBsi3n. Jia Tuia 0OpaTHON CBH3H ¥BIASIOTCH HECOBMECTHMBIMM 10 HECKOBKIM
npaHHanM. Bo-Nepsrix, CTAHEUS, KOTOPad NOMICKHUBACT TOARKS HESBRYIO OOPATHYIO
CBA3b, MOXET He OnITh CHOCOOHOM NePeAaBaTs COOTBETCTRYIOUINE CHEHANBI OOPATHON CBE3U
LIS CTAHU#H, KOTOpad TOIIEPKUBAET TOMBKO ABHVID OOPATHVIO CBE36. BO-BTOPBIX, MOXKET
HE OBITE JOCTYIICH MEXAHNU3M CTUMVISUMH CTARIMH, KOTOPAX TOIECPIKUBACT TOARKO IBHVIO
00paTHYIO CBE3k, NEpeiaTh 20Hmpyienul PPDU. Kposme Toro, 4Ba THNA 20HAMPOBAHKS
MOFYT OBITH HECOBMECTHMBIMH.

B oxHoOM acoekTe cTaHuMa MOWeT ObITh Pa3padoTaHa CO CHSAYICUIMMH BOBMOKHOCTEMY
TN TIOAJIEP KA R NS KaK HeRBHOH 0DPATHOH CBH3A, Ta¥ W ABHOU 00paTHOW CBA3Y R
hopMHPOBAHHKS Nyua:

1) nepexana v npuem 30HIMpYyiomero PP,

2} OTERUE Ha 3anpoc TecrupoBakng (TRQ) myTem nepetaun souzupyromero PEPDU

3} OTKIHMK Ha 2aNPOC Ha ABRYIC OOPATHYIO CBA3b.

birarozaps noAAEpKKe 3TOF0 HAbOPA BOIMONHOCTEN, HIBERCTARACHHBIX Bhillie, CTAHLHS
MOKET OBiTh CTIOCOUHA BLITIOAHATL HCSBHOE WK SRHOE GONMHUPORAHKE NTYHA ¢ APYLOH
CTaHuHeR, ROAHSHHBAIOICH TOT e Habop BOZMOXHOCTE.

B oaHoM cXeMe CTaHIEHg MOXKET TIOANCHAUBATh TOARKO 30HAHpoBarue NDP Ui ToasK0
sorAupoBannse MPDU wal kax 30HAuposanue NDP, tax u 208upoBaHue MPDU. Crannus
MOKET YBETOMIIATE O CRBOEH BO3MOKHOCTH 30HAMDGBAINA ¢ TOMOLUbn 11oag Capability
(BoaMowHOCTE) GopmupoRaHUs Tyya neperann {TXBF), KOTOPOs BKTIOYSHO B
ONIPEHENICHHBIE KaIPBl, TAKYEC KAK Kalp Masika, Kajp 3alpoca acCopaiii, orsera
ACCOHHAUMH, KAAD 3aTIPOCa 30HAUPORAHUA U KALD OTBETA 30HAUpOBanKS. B apyroil cxeme
QOPMUPOBATEID AY9a MOKST HOEIEPKMBATE Hepeiany 30HMposartiy NDP u upnem
CMEHICHHOIO 30HIUPOBAHHA, H NOAYYATEAS @WOPMHPORATUS JIYYa MOKST NOAZEPKUABATD
ApUEM 3CHAMpOoBaHus NDP U nepeaasy cMerieHHoro 3oHaMpoBanus. B IEEE 202,110
CCBIIKA HA MHOMKECTBO PABMEPHOCTEN PACHPOCTPAHEHA HA MHOKECTBO CHMBOHOB
TECTHPORAHMS € UCITOTL30BAHKHEM OTIPCACACHHON OPTOHOPMHPOBAHHON MaTpHiisl. {pn
HCITOTB30BAHN CMEIECHHOTO 30HIHPOBAHNS TAKOES NPACHPNOCTPAHEHHEE BRINIOJTHACTCS
OTAECABHO AAA CUMBOROB TRCTANOBAHHUS, ACCOUHANOBAHHBIX ¢ PAZMEPHOCTAMM JAHHbBIX, 1
CHMBOJAOB TECTUDOBAHNA, ACCOUHHPOBAHHBIX ¢ AONOMHRTENbLHbIMU NTPOCTPERCTBSHHbIME
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PAZMEPHOCTHMH { PACLIIEPERUE ITPOCTPARCTBEHHEBIX 110ToK0B B 802. 11n). Tawum obpazom,
3OHIMPOBAHNE 7% NOTOKOB MPOCTPAHCTBEHHOTO PACIEUPEHNAE MOXKET OBITE Pa3ieNeHo 1o
BPEMEHN OT 30HANNOBARNSA TS PU3MEPHOCTEN JaHHBX, J0HAMPOBAHUKE CO CMELUCHUEM
MOKHO MUCTIONTb308ATh, KON/AA KONMUMYECTRO PASMEPHOCTEHR I1% 30HIUPOBAHNS [PERLILALT
KOJIHYCCTBO PasMEPHOCTEH JAHHBIX HITH NTPOCTPAHCTBRHHO-BPEMEHHEIX TOTOKOB (N 1g).
JOHAMPOBAHKE CO CMEIIEHHMEM MOKET ORITh ZOCTYITHO TOABKC Afist 30H uponanus MPDU u
MOMET HCHOILZ0BATELCH % 30H AMPOREHUS JOTNOIHUTC/bHELX PAZMEPHOCTEH HIpH
sonmposannn MPDU. onyaatens opmupyeMors xyva MoxeT 0TBEHaTh Ra 3anpOC
oBpaTHoit ¢Bst3u TSI, nepeaannsifl ¢ NDP dopMuposaTesieM gyua. (DopMHEpOBaTEDh Iy
MO®ET OTBEYATh HA 3l POC 3CHARPOBARMUR HOAYIATENSt QOPMUPOBAHHISE JyYa,

DoPMHPOBARHE TYUA MOKET ORITE BEITIOTHEHO ¢ HESBHOMN OOPATHON CBE3bIC UITH © TBHOH
OOPATHOH CRABLED, KOTOPHIE MOTYT TIOICPKHBATECS ¢ ITOMOILIO 20K UpoBadug NDP
w/umi souauposanng MPDU. GopMupoBatie Nyda TAKKE MOKET OCYIHECTBISTRCY AJis
O/{HOHANPABREHHCH rTepeaayy U3 OHOMN CTAHUMH B APYEVIO CTayuMio ¥Ry AMs
IBYHATIPABACHAON NEPEIAwl MEKIY IBVYMS CTaruHIMU. MOXeT ocyecTsisThes oOMen
MEHKAY PaZAMIHbIMH IOCHEAOBATEILHOCTAMU KAZPOB /I PAZAHYHEIX CHCHAPUER
dopmuposatns ayad. JEns sSCHOCTY HIKE ONHCAH B! TPUMEPHT 00MEHA KA Apani JITR
HEKOTOPLIX CUEHAPHEB $OPMUPOBAHMY IyUa.,

Ha ¢ur 4 iowazad npusep odMeHa KaxpaMu A8 OTHOHANPARASHHONO SBHOTO
dhopmuporanus y4a ¢ sormpoBarmeM NDP. CTanmss A MOKeT TepenaTs AEYHPABIsSEMbIR
Kazip 4143 ¢ 3anpocoM obpaTHOM CBA3H AN GAHOTO U3 TUITOB OOpaTHON! CBA3H,
npencrasiaeHdsix 8 Tadmape 1. Hevnpasigesuiit kaxp npeacrasiset codol Kaap,
nepezasupit 063 GOPMUPOBAHNS AYVYA,  YIIPABISEMEIR K41 NPeAcTaBiiteT codol Kaap,
nepesas e ¢ hopMuporanyes ryaa, Kaap 4 10 MoxeT NIPeacTaBiaTh Co00% Kaap 2anpoca
Ha nepegagy {(RTS), cogepxaninil 3anpaliiBacMyIo JIMTEIBHOCTb A4 BPEMEHH,
TpedyeMOro Md Nepeiayl OMHIAICIIHX TIepeIayYd JAHHIX U COOTBETCTBYIOIMX CHTHAZOB.,
one NDP Announcement kanpa 410 mexer OsiTh YCTAHOBACHO Ha 1 [T O®03HAYEHM
TOrO, 4TO Fajee ciaeayeT NDP. Ctavnus B MoxeT npusnMats kaap 410 RTS, Moxer
YVAOBACTBOPSATL ITOT 3af1POC W TepesasaTth Heyviipasmsiembtt kaap 412 Clear to Send (Tovon
x nepeaade) {CTS), KOTOPEI MOKET NEPCHOCHTE H100BIC JaHHbIC, KOTOPSIC CTaHNA B
MomeT uMeTh aag crannpam AL Kaaper RTS u CTS npexcrasmsiuor coOol Kaiph! ¥IPABIICHUS,
0OMEH KOTOPBIMY MOKET QUVILECTBANTLCH st PE3CPBMPOBAAns OSCHPOBOXHOW CPelibl 1
LA UCKITICICHUE B3AMHBIX TOMEX OT HesBHBIX cTaHmmi. Kaapet RTS u CTS Taxike MOryT
ObITh HCKITIOUEHBI,

Cramnus A MoxeT nepegasaTe NDP 414 u veynpasiigseMbili Kagp 416, KOTOpbIH MOXKET
APSECTABITTH KALP TAHHBIX MITY AEKOTOpbUt Apyrof kaap. NDP 414 sioxet Obith mepelian
B TEYEHUE KOPOTKOIO NPOMENKYTKA BPEMEHNK MExXAY kaxpaMu {S1FS) B xonne Kagpa 412
Tfoae RDG kaapa 416 mowket GuiTh YCTAHORIEHO Ha | 45 0003HAYCHUS TPEAOCTABICHUS
0OPATHOIO HATIPABACHAS, KOTODOE MOKET NepeiaBaTh YIPAaBieHUs OeciipoBOiHON Cpeibl
nepegauy B cranguic B, Ctanimus B MOxkeT oneHusaTe oTneT KaHana MIMO Ha ocuope NDP
414 1 reHepUPOBATH ABHYIC OOPATHYID CEH3L THITA, A1 PAILMBAEMOTO CTARUMER A,
Cranmus B MOKeT 3aTeM meperaBaTh HEYNPABIIeMbiil Kagp 418 ¢ apHol obGpaTHONR CBA3LIO.
CTaHnss A MOMET MPUIKMATD SBHYIC OOPATHYIO CR3h, MOMKET BLIBOAWTL MATPHIIL
YHPABJICHUS Ha OCHOBE OOPATHON CBH2M M NEPSAATH VIIPABIReMbiil Kaap 420 sunsnix,
MCTTONERYS MATPHIET YIIPARICHNEA 1% (BOPMUPOBAHNR AYHA.

O asoHanpaniicHnoe apnoe GOPMUPOBAHKE JiyHd ¢ SORAMPoBaHHeM NDP TAKOKE MOKeT
OCYLIECTRIATECE APYTHMU criocobamu. Hanpusep, Kaapsl RTS # CTS MoryT OniTh
OTIVUICHRI WITH ZaMEHESH R KaZIpaMy Apyrux Tunos. NDP 414 momeT HuiTh TEpeian B
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npezesax spemenn SIFS nocne xaapa 416, 8 nore NDP Announcement KOTOPOPO MOMKET
OBITH VCTAHOBAeHA | j1d 0OO3HaYeHHS TOTO, UTO Aanee crieayeT NDP,

Ha ¢ur.5 nokazaH npuMep oOMeHa KaApaMH Aji OAHOHANPABIIEHROTO HeIBHOTO
dopMupoBaHEd yua ¢ zoraupoBasueM NDP. Crannus A MOXET HepeidTh ACY T PABIsSCM bt
Kazp 510 RTS, u cTannud B MOXKET BO3BpAInaTh HeynpasiseMsbitt kaap 512 OTS. Cranmug A
MOKET 3ATEM TIepeaasath HeyipasigeMsiil kaxp 514, B none TRQ KOoTOpOro MOKeT Guith
YCTAHOBACHA | A0 0003HaMeHUA 34TIpOca TECTHPOBARKS U B 1toje RDG KOTOporo MOXeT
ObITh YCTarOBAEHA 1 119 0B03REYSHHET NPCAOCTARIACHHS 00PATHOIO HaTipaBICHUA.
Crayuus B MoxeT 3aTeM NepeiaBaTs HeynpasisgeMbii Kaap 316, NDP 518 »
HeyHpaBpmsieMeilt kaap 520 Ha ocHOBE HPEAOCTABICHUS OOPATHOTD HAIIPABICHUE B
wkaape $14. B nose NDP Avnouncement kajapa 316 vowxer Obrib yeTaHOBNCRS | 171
00O03EATIEHHUA TOTG, UTO Aanee cnenyeT NDP, u B nosne More PPDU MomeT OviTh
VCTAHORIEHA | I[I9 0O0ZRAMEHUS TOT'0, YT0 AdIge CASIYET ApYyrodt kaap. NDP 51R moxer
ObiTh Tiepenan s npenesax spemens SIFS nocte xagpa 516. B none More PPDU wanpa 52{
MOMCT OBITE YCTAHOB/ISH {} 18 0003HAMEHUS TOTO, YTO GOMbiie He CeAYeT HUKAKOTrO
Kagpa. Crauims A MORXET OUCRIRATE 01BeT Karaka MIMO na ocsore NDP 318, ssiBoants
MaTpHOs! YNIPABIcHUA HA OCHOBE OUeHEHN KaHana MIMO U nepenats ynpanisseMaiit
KaAp 522 saHHBIX, HCTIOALIYS MATPHRE YTIPABASHHA A0S QOPMHPOBAHHS JTy14.

GaROBUNPABAEHHOE HEsiBHOE GOPMUPOBAHUE Ayua ¢ 30kaMpoBanucm NDP taioke MoxeT
OCYWECTBAATRCS ADYTHUMH crioco0amy. Hanpumep, kapsi RTS u CTS MoryT OpiTh
HUCKJIEOHEeHbY AMTH 3aMeRensl Kaapamy Apyrux TANOE. B nojae NDBP Announcement xaapa 516
MOKeT ObiTh yetaHomaena 1, 0 xagp 318 MoxeT GniTh OMYLLEH.,

Ha dur.6 nokazan npHsep 0OMEHA KA APAMK [N ABYHANPABICHROTO0 HEABHOTO
GopMUpOBAIH JTyua ¢ 3oHAUponaveM NDP. CTaHhHgs A MOXET Nepenats HeyNpaBiseMblil
xkaap 610 RTS, n cranius B MOXKeT BO2BpaiuaTh veyapasisemeiti kaap 612 CTS, Cranuus A
MOKET 3ATEM TIEpeIasaTh Heynpasisemsiil kanp 614, NDP 616 v neynpasisemoiit kaap 618,
B none MRQ xaapa 614 MoxeT ObITh ycTaHoBAgHa | am4g sanpoca MCS. B none TRQ
xazpa 618 MoxeT ObITh YCTAHOBICRA | Ag 0O03RAYCHAY 3aTiPOCa TECTUPOBAHAY, ¥ B
nosie RDG MoxeT OBITE YCTaHOBReHa 1 it 0003HAMCHUS TIPEEOCTABACHUE OOPaTHOTO
nanpasJieHus. CraHuua B MOXeT oflgHuBa™h OTKANK KaHama MIMO va ocrose NDP 616 i
MO3KeT BHIBOIUTH MATPHILY VIIPABACHUA Ha OCHOBE OLCHKH Kakana MIMO. Ctannus B
MOET 3ATEM NEPEAABATE YIpasnseMbiti Kaap 620, NDP 622 U yupasnaseMbift kaap 624,
HCTTOAB3YE MATPHIBL yIPaBIeRUA 41A hopMupoBaryz fyda. Kagp 620 MoxeT oTseqats
Ha RDG, 4 B ero none More PPDU moxeT ObiTh YCTAaHOBACHA | 139 0003HAUEHUA TOTO, YTO
RPYroi Kagp OyaeT creaonats nocie storo. B none TRQ kanpa 624 moxer Obith
yCcTaHOBAEHA | I 3ampoca TeCcTHPOBaHUA, U B ero nojie More PPDU OsITE yeTaHOoBEH
[i59 0OO02RAMCHAS TOPO, YTO APYTHE KaAPhl HE CIAYIOT ntocie atoro. Kanp 620 v/ 624
MOJKET TePEHOCUTh JHO0bIe Ha HHbIS, KOTOPSIC CTAREME B MOKET EPRIaBaTh B CTAHIMIC A,

Cranous A MOXKET OLEHHBATh 0TBeT Kagaza MIMO va ocHose NDF 622 1 MOXeT
BRIBOJMTE MaTPHUBL YIIPABIICRHUS Ha OCHOBE OHenKa xavana MIMO. Cranmust A MoxeT
3ATEM TIepeHaBaTs yrpabBizeMbi kKaap 626, NDP 628 B orBet Ha TRQ 8 xanpe 624 u
ynpasigembiti kaap 630, B none TRQ xazpa 630 MoxeT ObITs YCTAHOBICHA | AN
0003HAYEHHA 3a11pOCa TeCTUPOBANHUA, U B ero noJie RDG MoXeT OBITh YCTAHOBIeHA | TS
ofo3HaYeH s IPEACCTABASHNHST 00PATROTO HaATpaBenus. Kakas CTaHEHT MOKST
nepesaBaTh JOTIONHUTEIBHLIC KaAPRE ¢ GOPMAPOBAHUEM Hy4a aBaTOTHYHEIM 00pa3OM.

AByHanpagaeHHOe HESIBHOE GOPMUPDBAIHE JIYHa € 30HAUpOoBatneM NDP Takxe MOKeT
OCYHECTBIRTLCH APYTHMK ciToco0aMu. Hanpumep, kaipsi RTS u CT8 Moryr Osirs
HUCKJIFOHEHbY AMTH 3aMEHEHB! Kaapamy Apyrux Tanos. B noae NDBP Announcement xaxoro a3
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xaipos 614, 620 winam 626 moxet Obi1b yeTanoriena |, M kaapst 618, 624 wiums 630 MoryT
OBITH UCKIIOUCHDL.

JpyHanpasieHHOE SRHOC GOPMEPORAHME AVUA ¢ 30HANPOBaHHeM NDP mowxer
OCYIICCTBIATHSS Ha OCHORE KoMOMuanuu quer.d n 6. $0e crannun A i B MoryT
nepeRats NDP, Kak noxazano Ha Gur.O, Kakgas CTAaHEHS MOMKET BBIBOAHTSH SBHVIG
COPATHYIO CBA2b Ha ocHOBe NDP, PUHATOrO U3 APYTolf CTAHUMH, B MOKET NEPEAdBITh
ABHYEG OOPATHYIO CBY3L B HPYTVIO CTaHHKI0. Kaxnad crasgus MOXET BbIBOJUTL MATPUEbLY
YIIPABJACHUS HA OCROBE SBROI OOPUTHON CBA3M, UPUASTON 13 IPYTOR CTaHIMU, U MOMET
ePeraRaTh YNPABRIACMBIC KAXPbi ¢ MATPUEAMY YIIPABRICHHS.

Ha &ur.7 1toxazaH apuMep 0OMEH2 KaapaMu T OZHOHATPARISHHOTO SBHOTO
thopMmuposadnd ay4a ¢ zorauposadyeM MPDU. Crannns A MOXET tiepeadthb
HeynpapiieMsil kagp 710 RTS B soraupyiowem PPLNU. Kagp 710 MoXKeT BRITICYATS B celn
34NPOC HA OOPATHYIO CRsi3k TS O AHOTO M3 TUTIOB OOPATHOM CBHN, TIPEACTURASHHBIX B
Tabnpne b, Crasuns B MoeT OFeHABATL 0T8eT kavana MIMO Ha ocrose
30HAMpYionierc PPDY M MOKET FeHEPUPORATE ABHYIO COPATHYIO CBA2L TAKOTO THTA,
KOTOpbi 3anpawmnBaet cranuig A, Crangust B MOXeT 2a1eM epelath AeY i DABASCMbiit
kaap 712 CTS, KOTOPbI MOKET HECTH MHPOPMALHe ABHOH oOpatHOf ez, {TasHuus A
MOKET BRBOIMTE MATPAIE VI DABICHUS HA OCHOBE SBHOW OOPAaTHOW CBAZM, TIPHHATOR U3
cranppr B, 1 MOKET nepeaath yiapasigemsi kaap 714 gaHspix, HCHOABIYVE MATPULLb!
yripapneHus 4is opmupoBasudg avua. Kaap 714 MoXeT ObiTh NepenaH B
sonanrpyicies PPDU M MoseT BrROYATSH b ceds 3aipoc Ha 0OPaTAYIC CBA3L s
obuoBnesHOK oOpatTyoi ¢asu. CTanuus B MoxeT oueHuBaTs 0TReT KaHats MIMO ua
ocHoBE 3oHMpyroiero PPDU u mower reHepupoBaTh FRHYIO OOPATHYIY CBS3R TAKOTD
THRAQ, KOTOPbIY 3aTipaiiupact cTaHEusg A, Craumys B 3aTeM MOKET Nepeiath
Heynpapasiemsilt Kaap 716, KOTOPBH#A NEPSHOCHT SRHY I8 OOPATHYIO CBSI3h W HOATBEPKACHNE
Onora (BA, [Th) jurs mawaslx, mepeadnsix & xazape 714,

Ha ¢ur.8 1ioxazan upuMep 0OMeHA KaapaMn AT OJHOHATIPABISHHOTO HEIBHOTO
dopMupoBansns ay4a ¢ 2onauposareM MPDU. Cranung A MOXET riepeaasaTh
Heynpasmrsemsiii kanp 8183 RTS, B noxe TRO xoToOporo MokeT ObITh YCTaROBICHA | g
0OO3HAMEHHR 3aupoca TecTupoBauk®, CTaHmMs B MOKET 3d71en tepeiaBath
HeympasaseMeift kagp 812 CTS r zormupyicigem PPDUL Kanp 812 MOXKeT NepeEOCUTD
00RIE TAHBBIE, KOTOPBIE MOXET MMETh CTAHIKA B, UPEIHAZHAUCHH RIS JUTI Tepe aun B
craame A, CTasius A MOKET BEIBOAUTS MATPHIS! VIIPABIICHUR Ha OCHOBE
soHaupyoiero PPDU, DpUEATOro U3 CTAHIUU B, M MOXKET NepeiaTh YHPABISEMbIH

canp 214 SanHbIX, HCHORB3YH MATPURY yipariesus aas fhopuuposasus nyyd. B none TRG
Kaapa 814 MOkeT ObITb YCTAHOBIICEA | A7 OOO3HAMCHUA 3aNPCCa TCCTHPORAHUA.

Crasnpg B MOXKET 3aTeM NEPeRaniTh HEYNPARASeMbIN Kaap 816 B 3oHpupyotieM PPDU.
Kazp 816 MoxkeT nepeHocnTb GIOK Ack a7 JAaHBRIX, ePeIaNnbiX B Kaape 814,

Ha $ur.9 noxasan npuMep OOMEHA Ka padMu AN IBYHATPABICHHOTO HEIBHOTO
HOPMUPORAHUS Jyya ¢ 30HZuposannem MPDU. Cranius A MOXET nepesaBaTsh
Heynpasnsiembit Kanp 910 RTS B souaupyrowem PPDU. B none TRO kanpa 310 moxer
ObITH VCTAHORICHA 1 A9 0003HAUEHNS 3anipoca TecTUpoBanug, CTaruust B MoxeT
BRIIIOAHATH CHeHKY OTReTa Kanana MIMO na ocHore soraupyisiiers PPDU u3 cranuun B u
MOKET BIBOZM Th MATPULLI YIIPABICHMS HA OCHOBE OgHKH kaHaga MIMO. CtaHmms B
MOEET 332TeM TiepenaTs vipasnaemsiti xaip 812 CTS B sonampyiomiem PPOU. B mone TR@
Kaapa 912 MoxeT ObiTh YCTAHOBRCHA | 4719 OOO3HAMCHHUS 2aTIPOCa TECTUPOBAHMA, H KUAD
MOKET HEPEHOCHTH JH@ORIE JUHHbBIC, KOTOPLIC MOTYT UMEThCS B CTaHIp B JuTs nepeiasu B
cTavuyro A, CTaHIMA A MOXKET BbIBOAMTL MATPHLL! YTIPABICHHS Ha OCHOBE
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sormpyiontero PPDL npuasroro Mz craduuy B, i MOXET Hepeiath yIpasisiemsi

KaIp 914 FaHHBIX C HCTIOAR30BAHHEM MATPHE yApaBaeHus Ang GOpMUPOBAHHL JIy4a,

Kaap 914 Mo¥eT nepeHOCHTb GJIOK Ack Ang HO0RIX JAHHEIX, TIEPCAAHHEBIX B Kaape 912, U B
ero noxe TR moxeT Obith yoranosiieHa | s 0003RA9CHS 3a1POCa TECTHPOBAHHKA.
Cranuus B MOXKET BLIBOAUTL MATPHLEBI VIIPABICHUA HA OCHOBE 30HAUDVICIIEro PPDIU,
NPAHFTONRO U2 CTAHLHI A, ¥ MOXKET NEPSIATH VIPABIIEMbIH Kaap 918 JaHARIX B
sonaupyiotem PPDU. Kazgp 918 moxer nepeHocuTh 80K Ack s JaRERIX, NEPeIaHHbIX B
kajipe 914, 3anpoc TeCTHPOBAHMA W I HbIE,

DopMUPOBARKE TVaa ¢ 3oHANposadnem MPDU, rokazantoe Ha §nr.7, 8 U 9, Takcke
MOKET OCYUICCTBISTRCH ApYTUMH criocoOaMu. Hanpusep, kaapbt RTS u CTS MoryT ObiThb
ZAMECHEHBL KApAMY APYTHX THIOB,

JAByHanpasiicHHOC ABHOC HOPMHPOBAHNE AYYa ¢ 30HANPOBaHKEM MPDU MoxkeT
OCYUIECTBITHTRCH HA OCHOBE KoM CuHamuy dhur.7 1 9. O0e cTavumn A H B MOryT nepesasais
sonraupyictml PPDUL kax nokasano Ha Gur.9. Kaxias CTauHg MOKET BBIBOIUTE SiBHYIO
O0paTHYVIO CBE3E HA OCHORBE 20HAUpYIciuero PPDU, npuHsTOrO U3 APYTOi CTAHHMYU, H MOKST
MEePLIABATE SBHYIO OOPATHYHS CBHIp B APYTYi0 cramuyie, Kanzas craumis MOxer
BBIBOAKTH MATPHIBE YT PABICHEUSA HA OCHOBE SBHOH OO PATHOH CBA3M, IPUHSTOH H3 APYTOH
CTAHUMH, ¥ MOKET NEPEHATE VIIPABIFEMbIC KA Al C MATPHIAMY VIIPABJISHUA.

DOPMHPOBAHKME AYUA C HERABHON OOPATHOR CBABHIO NPEAYCMATPUBACT BIAKMH bl
xavan MIMO Mexgy cTanuuaMi A M B, 370 OZBOASCT cTaHuyy A (i} OHSHHBATH OTKIHK
rkaHana MIMO ua cogmmucHue ¥3 CTaHUHH B B CTARBMIO A Ha OCHOBE 30HIMpyIoigero PP,
TIPHHATOFO M3 CTariMKU B H (i) HCTIOAL30BATE 3TY OHEHKY KaHajga MIMO xak ougHky
oTrmKa Kavara MIMO nns Apyroro cogamsenus Wz craviuy A B cranuuio B (OHAK0 ecny
OTKJIMKH BEHOYCK nepeaad OyAyT OTIHIATECH OT OTKIHMKOD HETIOYEK NpueMa B CTaHuHH A
S B CTaduvy B, TOraa pasnuaus Oy YT BAUSTE HY BOIMOXHOCTE B3AUMMHONO
HCTOABROBaR RS Karana MIMO.

Cradiue A ¥ B MOTYT BRIFIONHSATh KajinOpOBKY ANd ONPCACACHHT PAa3/ATH MCKAY HX
HETIOYKAMH HCPEAAYH H NIPHEMA ¥ I B61B0A BEKTOPOB KOPPEKUHH, KOTOPBIC MOXKHO
TIPHMEHSTh [JIT YICTa PAIHUKE A7S BOCCTAHOBICHHMS B3auMHOCTH. Kamubporka He
TpeOyetes st GOPMHP@BAHHS JTyHd, HO CCJIA €€ BHITIONHAINT, OHA MOWKET YITYHUHThH
XAPAKTEPUCTHKY MOPMUDCBaHuy Jdyda. CTaHuu A H B MOPyT BRIIOAHATE KATHOPORKY NIPH
ACCONMMPOBAHEY WM B APYTHE MOMEHTRI BPEMEHH.

Ha gour. 10 noxasau npaMep 0OMeHa ¥axpaMH Jid KaTnOpoBKY npy 9BHOH 0GpaTHO#H
cesizy ST i ¢ 3orAuponanueM NDP, CtaHmusa A MOXET TIEPEAABATh HEY PARIACMBI
gazp TOLO RTS, wcrannng B Moxket Bo2Bpamate Heynpasisembnt kaap 102 CTS,
CTraHmus A MOXKeT 3aTeM HepedaraTh HeynparngeMent xaap 1814, NDP 1016 1
nevapasasesMsiit kanp 1018, B noae CS¥/Steering Kazpa 1014 moxer Obith yeraHoseHa 1
Tt 3anipoca obpaTHoi esizd TS, ¢ 310 MoxeT 000384MaTh, 4T0 00patHas cwxsk TSI
TIOJTHOM TOYHOCTH AOJDKHA OBITh niepesana odpatHe. B noxe TRQ waapa 131E moxeT Onith
yeranosnena | amaw sanpoca TecTrposadus, # 8 noge RDG MoxeT OsiTe veTaHosneHa | ans
OGO3HAYCHES IPEIOCTABISHUT OOPATHONO HATIPABJCHHH,

Cranius B MOXET OHCHABRATE OTKAMK KaHaa MIMO Ha ocHore NDP 1016 u moxert
TCHEPHPOBATE OOPATHYIC CBH3b {S], KAK ONHCAHO B YIOMSHYTEIX BbiIue JokyMenTax IEEE
g02. 110, Cranmus B MOXET 3aTeM IepeAasath HeynipasaseMbiti Kaxp 1020, NDP 1022 u
Heypariasembit kaap 024, Kaap 1020 mowxer nepeHocuTs oOpaTHYIo cs93s USL A B evo
nosic More PPDU Moxker ObiTh yeTaHOBICHA 1 AN 0003HA YEHHA TODO, YTO APYIOH Kaap
OyAeT caeuosats Jagbure. RKasp 1024 Taxixe MOKET OCYHECTBAATE OOPATHYIO ¢Bsizb S], 1 B
ero rrojre More PPDU moer ObITh yevanoniren O 4tg 0003HAYCHAS TOFO, YTO APYIHE Kaaph
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HE CACHYIOT KIOC/e Hero.

Crammyus A MOXeT ONEHHMBATE OTKIMK Kanaiza MIMO Ha ocope NDP 1022 u3 ctanmuu B.
Cravuug A 3aTeM MOKCT PACCHHTHBATH BEKTOPBI KOPPEKIHH B3aUMHOCTH Ha OCHOBE
oneaxH Kauana MIMO, onpesenednol cranpnelt A, n oopataol ez CS1, npassroi
cradnuei B. CTaHIHME A MOKET TPHMEHATL BEKTOPBI KOPPEKIHMH B3aHMHOCTH TIpH OVAVILEH
nepegante crasyuy B.

Ha ¢wr 11 noxaszad npuMep oOMeHa KagpaMH s KajiOpPOBKH ¢ ABHON 00 paTao
¢BA3b CS1 M 3ormpoBasreM MPDU. Crannns A MOXeT NepeaaBaTh HEYNPABAACM BT
kazgp 110 RTS B 2oHzmpvionieM PPDU. B none CSifSteering kaapa 110 moxer Ovrrp
VCTAHOBEHA 1 a1g 3anpoca oOpatHoii ¢szy CSI, u B ero noje TR Moxer 0biTh
YCTAHOBJEHa 1 11 0003HAYESHKR 3anpoca TecTupopanyst, CTaning B MOXeT Onennnath
OTKIIHK kKaHanna MIMQ Ha ocHoBe 30HA#pYIsHIero PPDUL NpUEATOrO M3 CTAHIUH A, 1
MOMKET TeHLPHPOBATH 0OpaTHYIe CBF26 CSL Crangus B MOxeT 2a1eM nepeiaBath
geynpasmtembitt Kaap [112 CTS, KoToppit MOKET NEpeHOCHTs 00 paTiyio cBsizk (SI B
sormupytotifeM PPDU. CraHuus A MOKeT OUCHMBATh OTKIMK KaHana MIMO Ha ocHoze
3ongMpyrosere PPDU, npHusToro U3 CTARBHH B, ¥ MOMKET PACCHATLIBATE BEKTOP6E
KOPPEeKIKE B3aUMHOCTY Ha OCHOBe OHeHKH KaHaga MIMO u apHoft 0OpaTHOM CBS3H.

Ha ¢wmr. 12 vexa3ad npumep OOMEHA KagpaMy /Uiisl KaMOpOBKH ¢ IBHOH 00paTHOU
cBaabto CSI u ¢ oanospeMentbiM 208 auposannem NDP u MPDU. Cramus A Moxer
nepeaanatsh HeynpapngseMetit kKaap 1210 RTS, B none CSSteering KoToporo MoxeT ObiTh
yeTapongeHa 1 ans 2anpoca odpatuol csazu CS1 Cranmus B MOXeT BoO3spamiaTh
deynpasisiemsift kaap 1212 CTS. Cravuug A MOMET 2aTeM nepegasats NDP 1214 »
Aeynpasisevisiit kaap 1216, B rione TR xaapa 1216 moxer Owith yeranosneHa | ans
3anpoca TeCTUPOBAHHES, U B ntoje RDG MoxeT ObITE yeTaHOBIeHA | AAg 0003HAUCHH
pazpeuietus Ha ooparroe Hanpasiedue. Craniums B MOWET OUSHMBATL OTKAMK
ranana MIMO wa ocxose NDP 1214 w3 cramipmi A M MOXET reHeprpoBaTh: O0OPaTHYIO
cpask CSI. Cragumg B MOXeT 3aTeM NepefaBats HeynpagigeMbill kagp 1218 B
sorzapyiotiem PPDU. Kaap 1218 MoxeT nepenocTs odpatayio caa3b CS1, H B ero
nosie More PPDU MoxeT ObiTh YCTAHOBJICH § 11717 O0O03HAMCHUSA TOTO, UTO APYTHE KAXPbI HE
CAYEOT MTOCIE 37010, CTasdiud A MO¥CT OHCHMBATL OTKIMK KaHaga MIMO na ocHoBe
soHaupyiotiero PPDU, pHHATOrO M3 CTAHIUH B, H MOXKET pACCUHTLIBATE BEKTOPEL
KOPPEKIMH B3AUMHOCTY A OCHOBE ONeHKH Karana MIMO 1 s8HOH 00paTHOMR CRS3H.

Ka/mOponka Taxwe MOKeT OCYeCTBANTECS IpVIUMH criocodami. Hanpumep,
ka7psl RTS 1 CTS MOryT ObiTh 33 MEHEHB! KaAPAMM JAHHBIY WiH KaApaMH APYTUX THNoB. B
nose NDP Announcement kaapa 1014 w/unw kaapa 1020 na dur. 10 Moxer Opits
yeTanoBieHa |, # kazgp 1018 w/umu kaap 1024 moxeTt OstTh onviueH. CTarnus B MOXeET
neperasats NDP wim 20Raupyioninl PPDU kak MOXKRO cropee Mocie 3anpoca
TecTUpoOBans M3 cTadp A, Cranpws B MoxeT nepeasath oopaTHyio ceass CS1mbo
comMecTHO ¢ NDP, aubo ¢ 3oHaHpyroixM PPDU, 7u0o B 60itee nO3AHER BpeMa.,

Kak noxaszano Ha dur. 10, 11 1 12, xanulbposka MOxeT NOATepHUBATHCS O3
UCTIONB3ORAMHA COOOBISHUM, CrieubmyEx 11l KamMOpOBKH, H OOMeHa KagpaMu. Jing
KaHOPOBKE MO®eT ObITE NMEepeaaH 3anpoc Ha oOpaTHYIo ¢Bsizk CSF ¢ HCMONB30BAHHEM
noJyig CSESteering B none HT Conwrol, Kak nokasaHo Ha ¢ur.3 ¥ B TaOnuie 1. B oxHolt
CXeMe, KOTd 33NPaC TeCTUPOBAHUS BKJUOUSH B TOT #¢ KaAp, YTO H 1anpoc Ha OOpATHYIC
csa3b CS1, Matpuust CS1 nonanolt TOYHOCTH MOTYT ObITh Mepeiannt oopaTao And
HUCTIOAL30OBAHNS A% BEIBOAA BEKTOPOB KOPPEKEHH B3aHMHOCTH. B ApyTro# KOHCTPYKEHMH
MOMKAO HCTOMH30BATH LNSUHAILHO BRLICHEHHAIE TIOITH 18 0002HAMEeHNT HATaa
KO POBKH H A8 #ACHTHHUWKALMY KALPOR, TEPEeIAHHBIX IR KATHO POBKH,
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Ha dur 13 nokazana crpyxrypa kaapa 1300 yipassesust, KOTOpPs MOXHO
HCTTONL30BATE UIE Nepedatid oopaTHod eBsi3u CSI g kaanOposku. Kaap 1300 BkiaodaeT B
cebg pasauyHbe TONg, Takue Kak none MIMO Control {(yupasnesue MBMB) 1 none €SI
MIMO Matrices Report (cooOnsesue matpan). [Home MIMO Control Bisuosaet B cebs
pazanYHBIe HOAS, Takue kak noae Grouping (rpynnuposxa) (Ng) n none Coetticient Size
{(pasmep koacdnipesta). Jng vanuOposxu 8 oje Grouping MOMKET ObiTh YCTAROBICHO §
rorst Ng = |, 4To o3HagaeT OTCYTCTBUC FRYIHTMPOBKH TIOAHEC YUK, TAKAM GOPA3OM, 4T0
matpuia C81 0y ger NpeayeMOTpeHa As KOKION 13 noaHecyinnx {-28, -1, +1...+28},
KOTOPYR MOKHO WCTIGAH30BATH ANw niepexaan. B none Coefficient Size MoxeT ObiTh
VCTAHOBACHO 3HaueHne 3 4t Nb = 8, 4TO 03HAYACT, YTO BOCEME OHTOB TOUHOCTH (Win
TOJHAS TOYHOCTH) OYIYT UCTIONB30OBATHCH /U KARAOT0 3eMEHTA K01 MaTprist CS1.
[lone CSEMIMO Matrices Report MOXET epeHOCHTE MaTpuay CSI ang xaxiol
HOJEHECY e, KOTOPAS MOXET HCITOAB30BATHCS TSt TEPSAAHUR, TIPH FTOM KRB 2teMEHT
MATPHUBL IPEHCTARNCH € HOJIHOH TORHOCTHIO.

Ha dur. 14 mokazaHa cxema vipouecca 1400 ang nosaepxu GOpPMRPOBAHHES AvHda
crannueit, Craygiya MOXKET TPRHUMATE 3atipos TectupoBanus (Ook 1412) 0 moxer
fepeZaBaTh IEPELI KAJD 3OHIMPOBAHASL B OTBET HA 3anpoC TecTuposanus (O1ok 1414
Crapys MOWeT TPHHAMATS 3ATPOC A FBHVIO OOPATHYIO CBI3Db [/iF SOPMUPOBAHKS Niyya
(0n10k 1416) 1 MOKET TAKNKE MPHEAMATS BTOPOY Kakp 2oHauposatus {000k 1418). Crannus
MOKET FEHEPUPIOBATD SBHYIC OOPATHYIO CBH3h HA OCHOBE BTOPOTO KAAPA 30HAMPOBAHHS
(Oox 1420) 1 MOxeT iepesaBaTh RBHYIO O0OPATHYIC CBS3b B OTBET Ha 3alIPOC HA FBHYIO
00paTHY I Crusk (Onok 14223, O0paboTka B Dnoxax 1412-1422 MOKET OCYILECTBAATECS 41d
OJHOTO MK OOIBHIC HE3ARACUMBIX 00MerOoR kanpa. Fipw oOpadorke B Onoxax 1412 - 1422
MOTYT ACHIOJIb3ICBATLCE BOIMOXKHOCTH, ONHECAHHBIC BIIUE, IF HOIICPHKKN KAK HESBHOH
00paTHOM CBH2I, TAK W MBHON 00paTHON ¢BA2M, A% HOPMUPOBAHME Jyyd. B HaCTHOCTY,
nepetava v npuesm soraupyvicniero PPDU orpaxennt B Onokax 1414 u 1418
COOTBETCTBEHHO. OTRET HA 3alIpoC TECTHPORAHNAA IIyTeM Nepenasy 3oHaupyowero PPDU
oTpaxen B Oorax 1412 v 1414, OTBET Ha 34r1pOC HA ABHVIO OOPATHYIO CBS3b OTPANKSH B
Onorax 1416-1422.

Kasastit kagp MoxeT cooTBeTCTBOoRETh PP 8 IEEE 802,11 vy HEKCTCOPRIM JAPYF UM
turraM PDU. KaxIpii KaZp 30HANDOBAHIT MOXKET OBITE (i) NDP, HMEIOUIIM, 110 MeHbIeH
Mepe, OJEHO MONE TECTAPOBAHEST, HO HE MMEIOUIMM TOJIE JEHHBIX, MITH (ii} KaApOM, UMCIOHIAM
KaK F0Ae TeCTRPOBAHUA, TAK 1 TTOJIe IAHHLIXK. A BHAR o0paTHAY CBA3ZL MOKET COJCPIKATE
MaTpHiel CSI, HeOKAThIe MATPHILI OOPATHOM CBSI3M, GOPMHUPYIOHIHE VY, CKATEIC MATPHIb
00paTHOH CBH3H, GOPMHAPYIIAC JIVY, H T.1.

CTagnHg MOXeT APEICTABIIATE COOOH ABHBIN BBIPAKCHHBIN TONVUATENR GOPMUPOBAHES
Siy4ad A MOET UPHHUMATS YOpaBlsieMbill Kaip, nepedadnsii Y HCUOAb 30 BAHMM
hOPMUPOBAHHE J1y4d, HA OCHOBE ABHON OOPATHOH CBA3H, BO3BpanieHHoA B Onoxe 1422,
CraHuust MO¥eT IPEACTABIATE COOOM HeSBHbIN NOAYUATeIb GOPMUPOBAHES JIV4a B MOKET
APUAHUMATE VIIPABIReMBIA Kalp, HePeAanHbi Ty HOPMUPOBAHMM J1V4a, A OCHOBES
HEeSBHONW 00pATHOM CBI3M, VOAVUEHHON U3 TEPBOrO KAAPA 3O0HAHPOBAHMNS, IePEAAHHOND B
onoke 1414, CTaHmmg MOAKET IIPSACTABIATH COO0H SBHBIH HOPMUPOBATEND VYA ¥ MOKET
APHHUMATE ABHYIO OOPATHYO CBA3b, TEHEPUPYEMYIO M3 IEPBOLO KaApa 30HIHPOBAHKY,
MOKET AOAYHATh UHPOPMAAIC YIIPABICHUS { HATIPHMED, MATPHLIHE YIIPARACHUT ) RAa OCHOBE
IPHRSTON ABHON OOPATHOH CBA3M M MOKET TIEPeAasaTh YHpasisgeMbll Kaap ¢
hOPMHPOBAHHEM JIVUa HA OCHOBE WHhopMaki yipapacHud, CTaHIMA MOMKET IPESACTARIATb
€OOOU HESBHRIR GOPMUNGRATEE JTYYA K MOMET IEPLIABATE TPETH KAAD 30HAHPOBAHNAS,
BBIBOAMTE UHGDOPMALHIO YIIPABACHUS HA OCHOBE TPETHEFO KAAPA 3CHANPOBAHMA U
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UepesaBaTh VIPasiseMslil Kaap ¢ GOPMBPOBAHUEM JTY4a Ha OCHOBE MHQOPMain
yTpaBIeHUA.

Ha ¢ur. 18 nokazana exema yerpotictsa 1500 ans noaaepwki GopMHEPOBAHES Ay4Ya.
Yerpofierso 1500 Bmoaaer B cedst CPLICTBO TPREMA 34N POCa TECTHPOBARHR
(Mogyas {512), cpemcTBO Hepedady NepPBOro Kaapa 30HIHMPOBAHMS B OTBET Ha 3alipod
TeCTUPOBABME (MOAY/s 1514), cpeact B0 tpHEeMa 2anpoca Ha SBHYIO 0OPATHYIO CBAZE 15
dopMupoBarus Iy4aa (Moxyae 1516}, cpeacTBo npHeMa BTOPOTo Kagpa 30HAHDOBARKA
(Moxyak F31R), CPeACTBO TEHEPHPOBARKS ABHOW OOPATHOM CBAZM HA OCHOBE BTOPOIO KD
sonaMpoBannsg (Moxyik 15320) ¥ cpenacrro nepeitaun FBHOH 0OpaTHOH CBS3M B OTHET Ha
3anpoC Ha SBEVIO OOPATHYIS CBAZR (MOTYNL 1522},

Ha dnr. 16 upencrasieHa cxeMa obpadoTry 1600 ang GopMHPOBAHKIS STVYa ¢ SBHOH
OOPATHOM CBA3DLIC ¥ 30HAMpOoBaHKEM NDP. CTaunusg MOKET niepesaBaTh NePBbii KaIp
(nanpumep, kagp 410 va dar.4) ¢ 33aupocoM Ha F8HYH 0GpaTRYIO ¢Bssb (Gnok 1612),
Cranups Moxer uepesasaTe NDP (Manprmep, NDP 414), aMeronmui, 10 MEHBRICH Mepe,
OZHO HOJIC TOCTHPOBAKEKS, HO OC3 TI0NIT JaHHRX {OJioK 1614). CTanuuT MOKET IPUHHMATE
BIOPO# Kaap ¢ SBROY OOPATROM CBSI3bE0, BLIBEACHRON Ra ocHoBe NDP, Hanpumep Kanp 418
(OroK 1616). CTaHuya MOKET BBIBOAMTE HHQOPMALHEG YTIPABACHHS Ha OCHOBE SBHOH
oOpaTHoH ceszn (OoK 1618) 1 MOWET tiepeaBaTh KaAp viipaBiieans (HarupuMep, Kajap 420}
¢ POPMHPOBEHHEM 1Y UA Ha OCHOBE uHpopManny ynpasaeHus (6aok 1620).

CraHnMs MOXeT nepedaBaTh Kaap RTS B Ka4eCTBe nepBoro Kaipa, pHHUMaTeE Kaip TS

B OTBET Ha kakp RTS u nepenasars NDP B npenenax speMeru STHS mw kagpa CT8S.
CraHuns MOMET NepeaasaTs TPeTuit Kaap ¢ RDG (wanpumMep, xazp 410} s npeaenax
spemenn SIFS na NDP w mowcet sipurnasats sropofl kaap nocne tpereero xaipa. Crannvs
MOJKET BIJIIZHATD MHOO B NIEPBLIA Kadp, AMO0 B TPETHHA Kaip YBEAOMIISHHE O TOM, YTO AAjee
crneaver NDP,

Ha dur. 17 nowasara cxema yeTpotictsa 1700 ans Gopmuposarig nvaa ¢ ABHOH
0OPATHOH ¢BA3bLIC W NDP 30HAMPOBaHKSA. YCTpo#cTBO 1700 BRAIoUaeT B ¢e0f CPEACTBO
TIePEAAUY TIEPBOFO KaJPa ¢ 3arPOCOM HA HBHYIG OOPATHYIO CBI3E (Moayiis 1712), cpesicTBo
nepeaayun NDP, uMmeouiee, 1o MEHBWEH MEPE, CAHO NOJE TECTUPOBAHEY, HO HE HMEIOUIES
oS JavHeX (Monyns 1714}, cpeacTso IpHeMa BTOPOro KaApd £ ABHOM OOPATHOM CBA3LIO,
BBIBEAECHHOTO Ha ocHoBe NDP (Moavas 1716), cpencTeo BbiBoAa HHGOPMANMI YIIDABICHUA
Ha OCHOBE FBHON 0OpaTHON CBs131 (MOay e F718) M CpercTBo nepeaays ynpasiseMorn
Kadpa IpH GOopMUPOBaHMYE 1y4a Ha OCHOBE HudiopMaiiiH yripaBiaeHns (Moxyik 1720).

Ha ¢ur. 18 noxazana cxema oOpabotru 1800 a/18 QopMUpOBAHII JTVHA M HCIBHOH
00paTHo! cog2n 1 NDP soHanpoanmi, CTannus MO®eT ePLAaBaTh UePBhill Kajip
(sHanpuMep, Kaap 514 Ha Gur.5) ¢ 3anpocoM TecTApoBaHHS (00K 1812). Ctakups MoxeT
npudHMaTeE NDP (saupamep, NDP 518), umcionll, 10 MeHBIIER Mepe, OaHO 1oe
TECTUPOBAHMS, HO 023 o naHHbrx (0mok 1814). Crasumst MOMeT BHBOIHTE MHGOPMALHEO
yrapasacH#st Ha ocHOBE NP (G510 1816} U MOXKET TIEpeAaBaTh YHPABASCMbIH Kaap
(nanpuMep, Kagp 5322) ¢ GOpMUPOBAHHEM VYA HA OCHOBE HHOOPMAK VIIPaBICHUS
(OnoK 1818).

CTaHnus MOXCT nigpeaasaTs Kaap RTS (ganpumep, kaap 510}, npueuMats kaap CTS
(HanpumMep, Kazap 512) 8 orBeT Ha Kaap RTS u nepezaBate nepauill Kadp nocne kaapa CT8.
Craguug MoxeT srmovate RDG » nepseit xaap, NpHHUMaTE BTOPOH Kaap (ranpamep,
¥aap S16) » oTBET A4 UePBHI KaIp H npHHaMaTe NDP nocxe sroporo kaapa. Bropoit kamp
MOKET BKIICUATh B ce0st OOBABICHHE O TOM, YTO Zajee cireayeT NDP. Bropofi kaap Takke
MOKET BKITIOMATSH B C20F YBSAOMIICHHIE O TOM, UTO Jalibilie OYACT CISHKOBATE APYVIoi Kagp, U
CTaHUMA MOKET 3aTeM TPHHUMATE TPETHH Kaap (Hanpumep, Kaip 520) ¢ yeexomitienneMm o
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TOM, 9T0 JIAJ1ee He CEAYET HUKAKOM IPYTro# Kaap.

Ha ¢mr. |9 norazana cxeMa yerpoiictsa 1900 ang fropMHPOBaHHS jyda © HeABHOM
0OpATHOI ¢BsI3bic i1 NDP 30HAMpoRanueM. Yerpoiictso 1900 BriiedasT B ce0s CPEACTBO
nepegaiy IepPBOre Kaapa ¢ 3arpocoM tecTupoBasus (Mogynk 1912, cpeacreo upnema NDP,
UMeRsEIee, TIO MEHBIICH Mepe, O RO NOJE TECTHPOBARH, HO {83 TIONA JAHHbIX
(MoaySe 1914), CpeacTBO BRIBOA HAGOPMAIMA YIpaserud Ha ocHose NDP (Monvie 1916)
H CPEACTBO TEPEAAUH YUPABAIeMOTO Kapa ¢ (hOpMAPOBAHHEM Ay4d Hd OCHOBE
MEBOPMalMY yNpaBASHAT (MOaVAL [918).

Ha $ur.20 noxazasa cxeMa 00padoTrH 2000 2718 ABYHATIPABASHHOTO QOPMUAPCHAHNE
Tyda ¢ HeFBHOM 00patHoit cea3hio  NDP soHxuposanmem. CTaHIMA MOKET UEPEIABAThH
uepBeyt Kagp (Haopumep, kaap 614 wn 618 no ¢rr.6} ¢ 2anpocoM TeCTHPOBARMR
(610K 2012). CraniuHg MOKeT niepedaBats neppuitt NDP (HanipuMep, NDP 616}, nMerouini,
110 MeHbEH Mepe, O AHO TTOJie TECTHPORAHMS, HO 083 MO/s FAHHBIX, JuO0 nepeit, indo nowsie
nepBoro kaxpa {(Omox 2014). Cranpis MOMET NPMEAMATEL NEPBEIH YIIPABARSMBIA Kaip
(Haupumep, kKaap 620) ¢ GOPMHPOBAHKEM AVHA HA OCHOBE TIEPBOH HHGOPMaLKH
YHPABISHUS, BRBEIeHHOR W2 nepBoro NDP (0n0k 2016), Crauums MOKET NPMHUMATE
propont NDP (sanpumep, NDP 622) B OTBET HA 34 pOC TecTUpoBaHus (60K 2018} 1 MoxKeT
BHIBOAMTE BTOPV® MHGOPMANMID YO PABASHHS HA OCHOBE BTOporo NP (6iiok 20203,
Cramuys MOKET 34TeM HEepPeadBaTE BTONO yupasisenmstil Kaap {nanpusmep, kaiap 626) ¢
$HOPMHPOBAHHEM JIYId HA OCHOBE BTOPOH MHGOPMATU yupaBieH!s {OJiok 2022).

Cranpus MoxeT nepegasatek kaap RTS (manpumep, kaap 610}, npusanmats xaap CTS
(ranpuMmep, Kaap 612) 8 oteeT Ha Kaap RTS i nepeaapats nepssifi kaap nocie xazpa CTS.
Flepewift wanp v/anm niepssil yRParIgeMbiM KA/AD MOKET BRITIMATE B CEOR YBES/IOMICHNIE O
TOM, ¥T0 dajtee ieayeT NDP.

Hu dwr 21 poxasana cxema yerpoficrsa 2100 448 ABYHANPABASHHOrO GOPMHPCGBAHHKS
TiyHA ¢ HessBHOMR 0OpaTHOM crsskio w NDP 2omruposaruen. Yerpotictso 2160 srmicyaet B
ce0f CPEACTBO Al UEPeAaty UEPBOTO Kagpa € 320 POCOM TeCTHPOBAHKS {MOAVL 2112),
CPenCeTBO nIeperayy nnepsoro NDF, UMErouiero, 1o Menbiel Mepe, SJH0 e
TECTHPOBAHMA, HO 03 10T AAEHBIX, THOO niepes, AH00 ToCie UepBOTo Kaapa
{(Moayae 21 14), CpercTBO UpHeMa TepBOro YUPABASEMOr0 Kaipa ¢ §IOPMHPOBAHYEM JTyda
Ha OCHOBE TIEPBOH HHGPOPMAIMH YT PABIICHHS, BRIBeCHHO! 13 niepBoro NDP (Moayas 2116},
CPEACTBO TPHEMa BTOPOTO NIJP B OTBET Ha 2anipo¢ TeCTHpoBasna (MoaAyb 2118}, epeactBo
BLIBOJA RTOPON HHQOPMALHH YO PABESHUR RA OCHOBE BTOporo NDP (moayas 2120) n
CPEACTBO UEPEAAUM BTOPOTO YIIPABIAEMOTO Kaapa ¢ GOPMHPOBAHKHEM AYYd HA OCHOBE
Bropol nrdOpManUK Yupapiesus (Moayss 2122}

Ha dur.22 norasaHa KOHCTPYKIEHS 06padoTrH 2200 aas xanruOposku ¢ NDP
308 AupoBadien. CTARNMS MOWET TIepe/iaBaTh NepBbili kaap (Hanpuuen, kagp 1014 ya
chur. 10 1mr kaap 1210 Ha ¢ar.12) ¢ 3anpocoM Ha gBHYI0 OOPATHY G CBA3L IJIS KAIHOPOBKH
(610K 2212}, CTanmmst Tak®e MOKET uepeaaBate NDP (danpamep, NDP 1016 unu 1214),
HMEIOILHY, T0 MeHbiLiell MePe, OJHO TIoJe TECTHPOBAHYS, HO 0¢3 noss AavHbix (Osiok 2214).

i

s

1

Cranips MOXET TIPHRHMATE BTOPOM Kaap (HaopaMep, kazap 1020 oo dur. 10 snam kazp 1218
00 $ur.12) ¢ AaBHOH 0OpaTHOH ¢BA3bic (00K 22160). CTaHUMI TAKXKE MOXCT UPUHAMATE
Kaap 30HAMPOBAHME, KOTOPEH MOXKET IIPSACTABAATE c000M 100 NDP, Tako# kak NDP 1022
Ha dur. 10, 0o Kaap, HMSICUMY KaK TORE TSCTHPOBAHHS, TAK ¥ ITOJIC AAHARIX, TAKOH
kak Kaap 1218 wa dur. 12 (6sox 2218). Crangns MOXKET BRIBORMTL CUCHKY KaHAIA Ha
OCHOBE K& APOB 30HAHPoBanust (070K 2220), CTAHUHS MOXKET 34TEM BLITOAHITE
KaguOPOBKY (HATPAMED, MOWET BhiBOIUTH BEKTOPLE KOPPEKIMH BIaMMHOCTH) Ha OCHOBE
OHEHKM KaHad 1 #BHOH 00patHoi caan (Gok 2222).
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TlepBbilt KAAD MOXKET BRITKMATE B ceOf 3AITDOC TeCTHPOBAHMA H VBEAOMACHUE O TOM, 4T0
maitee cieayet NDP. B xavecTpe anbTepHATHBB CTAHIHS MOXKET NepedaBaTh TPETHH Kaap
(Hantpumep, xkaap 1018 o ur 10 win xazp 1216 no dur.12) ¢ 3anpocoM TeCTHPOBARKS
focite NDP. B 1000M crivyae kajp 3OHAADOBARKA MOXKET ObiTh TIEPEJAH B OTBET KA 34npoC
TECTHPOBARMS.

Ha ur.23 nokazaHa KOHCTPYKIHS verpodcTea 2300 ans kaqmOposku ¢ NDP
30HAHPOBaHUEM. YCTpotetBo 2300 BRIOHALT B ¢€0% CPEACTBO s rlepeﬁa‘m NepPBOro
Ka/ipa ¢ 3aNpOoCOM HA ABHY® OOPATH VY CBS36 TR KaJAHOPORKH {MOAYSib 2312}, ¢peictBo
nepexaan NDP, aMeioniee, 1o MeHbiiefl Mepe, 0JHO NOoAe TECTHPORBAHAS, HO 0e3 No.14
EAHESIX (MOaYab 2314}, CPeacTBo OpHeEMa BTOPOFO Kadpa ¢ IBHOH 0OPATHO CBS3bIO
(MOAYte 2316), CPEACTBO NPHEMa KaAPa 20/3MpoBasus (Moayis 2318}, CpelscTBO BLIBOHA
OIEHKH KaHa/la Ha OCHOBE Kaipa 30HIUMPOBaHH (MOIVIAE 2320}, CPEACTBO BLITOMEEHNS
KQTHOPOBKY HA OCROBE OUSHKY KaHaAa H SBHOM OOPATHOM CRS3H (MOLIYITh 2322).

Ha dnr.24 noxazana cxema oopadoTry 2400 nax nepegayy oOparrol ecesisu CSI s
KaarOpoBKH. {TaHOHE MOXKeT NPHHHMATE 3aNPOC Ha 0OpaTHYIe ¢BA3b CS1 )18 KaJHOPOBRKH,
nanpumep, s kaape 1014 sa gur. 10, kaxpe 110 Ha dur b i kagpe 1210 ga g 12
(0510K 2412). CTaHEMS TaxXXe MOXeT NPHHAMATE Kagp 30HIUPOBAHMS, HanpuMmep, NDP (016
Ha cur. 10, kaap 1110 ra dur 11w NDP 1214 Ha qur. 12 (0nok 2414}, Craruus Mowe
EHEPHPOBATE 00PuTHYIC ¢B82b US] Ha OCHOBE KaaApa 30HAUPOBAHHS (010K 2410) 1 MOKeT

nepeaaBaTh 0OpaTHYIC Crizk C81 03 rpyNnUpOBAEAT HOJHECYHIMX ¥ ¢ TIORHOH TOUHOCTHIO
{Onox 2418).

CTaHLMA MOKET HEPeaaBaTh 00PUTHYIO ¢BA3s ST B Kaape aAMHHHCTPUDOBAHUS,

KOTOD R HMEET NTOJE FPYTHTMPOBKH ¥ NTOJTE pazMepa KO3 QUIREHTA, KAK TIOKA3aHO Ha

¢uir. 1 3. CTamumpd MOMKET YCTAHABIMBATE B NTOJE TPYRNHPOBEY 3HaUYeHe § I/ 0003HAYE HHA
OTCYTCTBMA FPYULNPOBKMA NtoAHECY UMK (Ng = 1) 11 MOWET yCTAHABIUBATE B NOJE paIMeED4
rosthdwmmenTa sHaderue 3 A 0003nagerns & Ouros (Nb = B) ura NONHONW TOUHOCTH
oOpatHo#t cesizu CSI. O0paThas cg3k CSI MoxeT conepxaTh MaTpuiy CSF s Kaxao# ua
MHOXECTBA NOAHESCYIIHX, TIPUIOHbIX AN HePeiay.

Ha dwr 25 nokazaHa cxeMa oOpadoTrH 2500 ai1st nepenasa oopaTHo# ¢ss3u CSI s
Kauoposky. YerpolicTro 2500 BiuniouaeT B ¢eOs CPEACTBO IIPHEMA 2aTiPOCa Ha OOPATHYO
cBs3k 51 mm Kaﬂﬁf)‘poBRH (I\'IOI{yHB 2512), CpeacTBO npueMa mmpa :‘sOHJMpOBaHHﬁ
301 meom"wm {(MOJYTB 25 i ("n ¥ CPeACTBO nepeiayn o6pamoﬁ CBA3H Cbi 0€3 IPYITHPOBRKHK
AOXHECYHIMX H ¢ HOJHOH TOYHOCTEIO {Moayak 2518&).

Moaymn Ha dmr.15, 17, 19, 21, 23 8 25 MOTYT COAEPHaTh NPORECCOPEL, 3TEKTPOHHEIS
YCTPOHCTBA, annapatHeie yeTPOHCTBA, 3AEKTPOHHEBIC KOMITOHEHTEL, JIOTHHECKHE CKeMBbI,
SATOMUHAIGIHHE YCTPORCTBA U T.21. MITH JHOOYIO WX KOMOuHauno,

Ha dur. 14-25 namrocy pupyercs oOpadoTka, BhitonwseMas craHuueit A, no gur 4, 5, 6,
10, 11 u 12. Q0padoTKa, BINOIHSCMAT CTaHNIHeH B, 4BIIS¢TCA B3AHMOAONC/TH MIOLICH 1T
00Pa0OTKH, BRIITGARSEMON crannpelt A, # MOKeT OBITh OITMcana HaOOPOM HepTexed,
BiauMozonorHzIowiHx (hur.14-25. O0padoTKa, BrmionHzeMas crangisMi A U B no dwr.7, 8
§ 9, TaKKE MOKET BEIIOIHATHOA, KaK TIOKA3AHO HA 3THX 4epTeKax.

Ha dur.26 noxaszaHa OROK-CXeMa CTaHiMi A U B, Ka)kAas U3 KOTOPBIX MOXKET
NpeACTaBIgTh COO0OH Touky 110 Jocryna wmw oxny us cranmt 120 Ha dur. 1. Cranuus A
obopyaosana MHoxecTBOM (1) anterH 2624a-2624t, KOTOPBIE MOKHO HCAGAB30BATE A4
nepezayl ¥ npHeMa ZaHHbix, CTaHgua B 000pyJ0oBaHa MHOMECTBOM {(R) aHTeHH 2652
26525, KOTopREE MOWHO HCITOIb2@BATH [ HePEriayy ® PHEMa JaHHBIX.

B cranunm A, npongccop 2614 nanubix nepegauy (TX) MOKET NPUHHUMATDL TaHHbIE
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Tpadnka ¥2 ACTOUHNAKA 2012 JAHHBIX WA IPYTHE JAHHBIE A3

KOHTpoJuiepa/nporeccopa 2630, Hipoueccop 2614 TX DaHHBIX MOKET 00OpadaTeIBATE
(HanpuMep, GOPMATHPORATH, KOGHPOBATH, BHTIONHATE TICPEMEKEHHC M OTOOPAKCHUE
CHMBOJIOB) HPUHHMACMBIE JTAHHBIC % TEHEPUPOBATH CUMBOART JAHABLIX, KOTOPBIE
MIPRACTABIAIOT COOOH CHMBOJIDI MOAYISINN I JaHHBIX. HpoCcTpaHCTBeHERIH

npoueceop 2620 TX MOKET MyALTHIUICKCHPOBATE CHMBOJIB ZAHHBIX ¢ CHMBOJAMH
TECTUPOBARKS, BMNONENTE MPOCT PARCTBEHHYIO OOPabOTRY MEPeIAUH ¢ HUOARIOBARREM
MATPHH YITPABIICHMS ¥ TIPS IOCTABIATS § HOTOKOB BEIXOAHBIY CUMBOIIOE B T
MogyaTopos (MOD) 26224-2622t. CHMEBOIIS!I TECTHPOBARKS TAKME 00BIMHO 000ZHAHAOT,
KAK HIIOTHBIC CHMBOIIBE. KX Ipil MOAYAITOD 2622 MOMET 00padaThiBATE CBOM
CoOCTREHABIN BEIXOAROM NOTOK CMMBOJIOB {(nanpumep, st GFDM) s rerepupoBanns
BEIXOZHOTO TOTOKA 3/IEMCHTAPHBIX CHTHAMOR. FasKAsI MOZYALTOD 2622 MOXKET
JZOTIONTHWTENLAO BRTIOTHATE OKCHYATEIbHVIR 00Pa0dOTKY (HanpuMmep, nPeoOpa3zOBLIBATE B
AHAJIOTOBYIO GOPMY, YCHITMBATS. (BUIBTPOBATH M [PEOONa30BLIBATE € NOBLILICHUEM
HJACTOTHI ) CBOETO BEIXOZHOTO ITOTOKA 3JIEMEHTAPHBIX CHIHATOB A TCHEPHPOBAHHA
MOAYSHPOBEAHONO curRand. T MOAYIHPOBARHBIX CHIHANOE 03 MOAYIASTOPOB 2622a-2622¢
MOTYT ObITh IEPEHAHDI depe3 aHTeHHBI 2624a-2624¢ COOTBETCTBEHHO.

B cramun B B adtenu 2032a-2652r MOryT IPMHHMATL MOAYIHPOBAHHBIC CHIHABL U3
CTAHBAR A, M KAKAAS AHTCHHA 2652 MOKET NPEIOCTABISTL MPUHATHIA CUIHAN B
cooTBeTCTBY oMM aeMoayagaTop (DEMGD) 2654, Kaxasli aeMoayasTon 2654 MowKeT
BHITTOSHSTE 0O0PA0OTEY, B3AMMOACTIONHIIONYIO OOPabOTKY, BLTIOAHCHHVIO
MOAYASTOPEMH 2622, AA5 NONYUEHKA TTPUHATHIX CHMBOJIOE. I1poCcTpancTReH b
nipoieccop 2660 nprema (RX) MONKET BRITIOIHATE HPOCTPAHCTBECHHYIO COTNIACOBAHHYIO
GUABTPANMIO O NPHHUMAEMBIM CHMEBOIAM OT BCeX AeMOAYNITOpoB 2654a-2054r 1
APCAOCTABINTE OUSHKM CMMBOAOB JAHHBIX, KOTOPHIE NPLICTABIAIST COOOMR OUCHKY
CAMBOSIOB HAHRBIX, epegarabix crannnelt A. Tipogeccop 2670 nansnx RX Moxer
HOTIONHKHTEAKHO 00PadATHIBATE (HAITPUMED, BRIFTOIHATL 00PATHOE OTOODAKEHHE
CHMBOJIOB, YCTPAHSTE NEPEMEKEHUEC H JICKOAHPOBATH) OHSHKH CHMBOMOBR JaHHBIX H
IPEOCTABASTE AEKOMPOBAHHEDIC TAHHBIE B TOTPEOUTEb 2072 JaHHRK W/HIH B
KOHTpONep/iiponeceop 2680,

[poteccop 2678 kaHama MOXKET 00PAOATEIBATH CHMBOJILE TECTUDNGBAHMS, TPHHATRIC U3
CTaHUMK A, U MOXET OHECHUBATE OTKIMK xanana MIMO. TTpoueccop 2678 MOWET BHITONHATE
PASITOMEHHE MATPALBE KEAHATA A0S KOKIOU MOJHECYLSH WITH KasK A0 TPYIITIL MO XHCYIIAX,
IPEACTABIAICHINY HHTEDEC, HATIPUMED, KaK NMOKA33HO B YpasHeHuy {1}, AT HOJVICHHS
COOTBETCTRYROIEH MaTpusl hopMuposarns ivaa. Hpodeccop 2678 MOKET TEREPUPOBATE
MHPOPMAIHIO O0PATHO CBA3H AT MAT PHY KAHATQ HAK {78 HECKATBIX WITH CKATHIX)
MaTpuy GopMUpoBaHMS Tyvya. Hporeccop 2678 MOMCT ITpelOCTABANTS HHEOPMAMIO
eOpaTHOH CBH3H B KOHTpOJuIep/mpoieccop 2680 mra mepeiaun o0paTHO B CTAHUMIO A.
Fipongccop 2678 MOKCT TAKKE BRIBOAUTH MATPHIEY APOCTPAHCTBEHHOT O §iHAsTPA A
KQWIOH NoJHeCcy el Wi KXo Ipynifel HOJHECY LN, [IPEICTABIAIOILMAX HATEPEL, Ha
OCHOBE COOTBETCTBY UL MATPRIBE KAHAA WM MATPHIS (OpMUPOBaHNHS JIv4aa.
poneccop 2678 MOKST TPEAOCTARIIATS MATPHIEDBI NTPOCTPAHCTECHHOTO (DUILTPA B
APOCTPAHCTBEHHLH npolicccop 2660 RX A1g HpOCTPAHCTBEHHOH COT/IRCOBAHH O
GUABT PAIINAK.

0padorka I nepeiayn 3 CTAaHIMH B B CTARIHIO A MOKET OCYIIECTBAATERCA TaK XKe,
Kak 00paboTKa 7% Nepeaa i U3 CTAaHIMK A B CTAHLIMO B, iy no-apyromy. J{aHmHsR
Tpadura U3 UCTORHWEA 2080 JAHABIX WYY APYFHe AAHABIC (HATIPAMED, HHHOPMALUs
oOpaTHOH cBH3A) U3 KOHTpOEepafnpoueccopa 2680 MoryT oOpabaTrisathes (Hanpumep,
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MOTYT ObIThH KOZHPORAARE, B HHX MOMET ObITh BHIHIOIHERO NEPEMENEHUS, H OHH MOT'YT ObiTh
MOAYAUPOBAHBI) ¢ MOMOILIBIC MTpoLieccopa 2088 nauubIX TX ¥ JONGIHATEIBHO
MYJIbTHHACKCHPORAHE ¢ CHMBOJIAMH TECTHPOBAHKSA ¥ IPOCTPARCTBEHRO 00padoTaHbi ¢
FOMOLIBIS HIPOCTPAHCTBEHHOTO fTpoueccopa 2690 TX ¢ yripasisirOHMH MATPABAMH.
Brixoznsbie CUMBOIIBE B3 NIPOCTPAHCTEEHHOTC npoteccopa 2690 TX MoryT GrITE
SOMOHHTENBRO 00pad0TaHb! ¢ HOMOIBIO MOXYIATOPOR 20534a-2634r st rengpuponanus R
MOZYARPOBAHHBIX CHIHAOB, KOTOPBIC MOFYT ObITH Nependnsl Hepes auren st 2052a-2652r.

B craniny A MOAYMPORAHHBIC CHTHABL 3 CTaHMy B MOTYT ObITh TIPUHATHE ¢
NIOMOIE RO AHTeHH 2024a-2624¢ 1 oGpaboTaunbl geMoyasropaMu 2622-2622t 1ix
AOQAYHEHUT NPHHATHIX CHMBOOB. HipoctpanctBerHBIf npoyeccop 2640 RX MoxeT
RBITOMHATH NPOCTPARCTBERH YIS CONTACOBARHYEY PUITLTPAIMIO ITO NPHESTHIM CUMROTAM H
obecneHBaTE OUSHKY CUMBOIOB AavHEX. [Ipoueccop 2642 Dauubix RX MOKeT
SONOTHHTELRO 00pa0aTHIBATE OBLHKH CHMBOJI0O8 JIAHHBIX, IPEAOCTABASTH
HEKOAHPOBARYEIE JaRHBIE B NOTPeBHTENE 2044 JAHHBIX ¥ NPEAOCTARISTE HHQOIM ARG
oOpaTHOR CBA3H B KORTpOJuiep/npoueccopn 2630. Fipomeccop 2630 MOMKET BhIBOLHTH
MATPUURT YRPABICHHS Ha 0CHOBE ARGOPMANBR OOPATRON CRA3N.

{Ipoueccop 2628 kanana MoxkeT 00padOTATE CUMBOAR TECTUPOBAHHKS, PHHATHIC H3
CTAHIHH B, 1 MOWET ONCHMARATL OTRIMK kaHasa MIMQO. Hpoieccop 2628 MoxeT BRUIOAASTH
PASNOKEHNE MATPRUS] KAHAIY s KDKAOK NOJHECY el Wiy KaKA0N rpyliiibl BOAHECYIBRX,
APEeICTARIAIGINY UHTEPEC, AR HOJYUCHUA COOTBETCTBYICMIRI MATPHITH GOPMHPOBAHUS
nyga. Hpogeccop 2628 Takxke MOKET BbIBOIMTL MATPHIY NPOCTPAHCTREHHOTO BHALTPA ANS
KAKAOH MOAHECYULEH WM KAXKAOH FPYTTM NOAHECYHINK, NPEACTRRIAGLICA HHTEPEC.
Fipoueccop 2628 MoxeT HPeIOCTaBifgThs MATPHRE! TIPOCTPARCTREHHOTO GUIRTNA 8
APOCTPAHCTBERHEE npoteccop 2640 RX It ApOCTPAHCTREHHON COTTaCcoBAHHON
DUARTPAHHK Y MOXET NPEAOCTARMAI TS MATPUL KUHARA MK MATPHILBE POPMUPOBAHNT jiyHd
B KOHTpOep/npoteccop 2630 g 00paTHOM CBA2M B cranimo B.

Kontpoanepsi/npoueccopst 2630 1 2680 MoryT ynpapasTs paboTolt cTanuuit A u B
COOTBETCTBEHRO. 3atOMHHaronne yerpofictsa 2632 1 2682 MOryT coXpadaTs JaHRbBIC B
APOTrpaMMHBIC KOAR A1s cTarumi A ¥ B cootBetcTresdHs. Hponeccopnt 262K, 2630, 2078,
2680 Wity ApyrEe nPORECCOPHL MOT'YT BhITIOARATE 00padOTKY # DYHKUMK, OFINCAHHBIE
33eck, HatpuMep obnaGoTky 1400 no dur.14, oGpabotky 1600 no dur.16, cOpadborry 1800
1o dhur.18, obpadoTxy 2000 e dgur.20, 06padorky 2200 o dur.22, odpabotry 2400 10
hur.24 u 7.1

TeXROJOTHH, OHHCARHbIE 3AECh, MOTYT ObiTh BOTUIOLICHE ¢ HOMOMIBIO DAZIATHbLIX
cpectB. Hanpusmep, 3T# TeXHONOT MR MOTYT ObiTh BOIUIOMISHS! B BIIE aflilapaTHbIX
CPEACTB. BCTPOCHHEIX MPOTPAMMHBIX CJIeACTB, NPCTPAMMHOIO OOSCHCHeHHA HH X
KOMOHRAMMH, st BOTUIOICHUS B BUAL ANAPATHBIX CPEACTB MOAYAM 00PAbOTKHY,
MCTIOTB3VEMBEE 1% BRINOMHEHUS 3TUX TeXRONCTRI, MOPYT ObITH BOTHIOLIEHB! B OZHOM WIH
OO0abIIE CIICHHANMIHPOBAHRLIX HATETPATLALIX MHKDOCXeM (ASIC), nudpoBLIX NPOHECCOPOB
curnana (DSP), yerpoficts o6pabotryn sHdpposoro crrdaia (BSPD), uporpaMmupyemuix
rorgaeckHx yerpoiicts (PLD), nporpaMMepyeMeix HOML30BATEAEM BEHTAEb HbIX
MaTpuil (FPGA), npodeccopoB, KORTPOILIEPOB, MEKPOKOHTPCIAEPOB, MUK POTIPOLUECCOPOB,
WIEKTPOHHEIX YCTPOHCTE, APYTMX WISKTPOHHEX MOAYACH, pa3padoTaHHbIX A0S
BLITIONHERUS QYHKIMY, OTMCAHHBIX 2A6Ch, KOMTIBIOTEPA HITH HX KOMOUHATWY.

AT BOTUIOLICHHS B BHAE BCTPOCHHBLX IIPOrPAMMHBIX CPERCTE MM TTPOT PAMMHOTO
obecrieeuust TeXHONOMHY MOTYT ObITE BOTJIONICHBE ¢ FOMOILbIC MOTYJIel (Hanpumep,
APOUESYD, GYHKIMY ¢ T.4.), KOTOPbIC BRIIOIHAOT OIHCARNBC 3420 QyHruuy, MuCcTpyKin
B BUIE BCTPOCHRBIX UPOIPAMMHEBIX CPEICTE BANH TPOrPAMMHOIO ODECH SHEHMA MOTY'T

Cros A
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ObITh COXPAHERBI B 2ATIOMURAIOIIEM YCTPOUCTBE (RATIPUMED, B 33TTOMHAAIOULEM
yeTporcTre 2632 wimw 2682 110 Ur.20} 1 MOTYT BBITIONHATLCA € TIOMOLILIC IpOoNeccopa
{(HarpuMep, npoueccopa 2630 nimy 2680). 3artoMuHaIGee YCTPOHCTBO MOXET ObITh
BOIIOLICHO B BUXE ITPOLECCONA WM MOKET OBiTh BHEUTHMM OTHOCHTEILRO NPOLECcopa.
HHCTpYEEHE B BUAC BCTPOCHHRIX IPOTPAMMHEBIX CHEACTB WA TPOTPAMMHOTO
OOECIICHCHUA TAKIKE MOTYT OblITh COXPAHEHbI B ADYTOM CHHTRIBAEMOM TIPOLRCCOPOM
HOCHTENE, TAKOM KAK ONEPATUBHOE 3aNIOMUHaIsLIee yCTpoietso {RAM), nocrosuuoe
zanoMEHAIoUIEe YCTPOMCTBO {ROM), 3HEProRe3aBUCHMOE OTIEPATHBHOE 3UTTOMUHAKMIEES
yerpoiicTzo (NVRAM), fporpaMMUpyeMoe NOCTORHHOE 3aIoMHHA0Iee

yerpoietBo (PROM ), astekTpuieckd crupaemoe PROM (EEPROM), dhiisin-namMsts, KOMIAKT-
ek (CD), MardHTHOE Wit ONTHYECKOE YCTPONCTBO - HAKOTIMTE b ZARHBIX 1 T /.

U puBeeHHOE BBIIE OMHCAHHE PACKPLITUA TPELCTABICHO NI TOT0, YTQ0LI 00ECHeUHTh
So0oMy CrenManueTy B AanHOW 00aCTH TEXHUKH BOZMOMHOCTD HEITOAb30BAR U 3TON0
pPRCKpeITHY. PasiaHbie MOIMGUKAEUT TAKOT0 PACKDBITHE OYAYT OHeBAZHO MOHATHLIMY ANS
CHEHHAIIICTA B JAHHOM 00/1aCTU TEXHUKU, H OOIUHE NPAHEHIIBE, OIIPEAEHEHHBIC 35eCh,
MOIKAQ NPUMEHSTb 8 HPVIAK BapyadTax 0e32 BEIXOAR 34 PEALbl CYIHOCTH Wit 00bemMa
PACKPBITHA. FaxuM 00pa3oM, PACKPLITHE HE JOIIKHO DBITH OTPAHHYCHO OTIHCAHH bIMH 34EChH
HPHMEPAMH ¥ KOHCTPYKIHAMU, HO JOJBKHO COOTRETCTBOBATL CAMOMY IHHPOKOMY 00bEMY,
COOTBETCTBYIGLIEMY TIPHHLMITAM B HOBLIM CBOUCTBAM, PACKPHITHIM 34ECH.

Popmyita M30OPETERUA

1. Yerpoiceo ANs NOAASIKKM GOPMUPOBAHKSE NYHA B CETU OECIPOBOAHOMN CBH 3,
coJeaiee:

TIO0 MEHBLICH Mepe, OIMH NPOLECCO, BHITIONHEHHDIA € BOZMOKHOCTBIO NPUHHMATEL
2QTPOC TECTUNOBAHMS, HEPEAARATH NMeNEh 20U PYIOIUH KAAP B OTBET HA 2Q0OC
TECTHUPOBAMHUA, TTPHAUMATE 32T1POC Ha ARHYIO ODPATHYIO CBA3b AMH GOPMAPOBAHUA YA,
TIPHHAMATE BTOPOH 30HAAPYICHIHH KaLp, TCHEPHPORATE ABHYIC OOPATHYIO CBA3b HA OCHORE
BTOPOTO 3OHITUPYIOLICTO KAJPa U HEPEAdBaTh IBHYIO OOPATRYID CBAZE B OTBET HA 3anpoc
Ha ABHYIO OBPATHYIO £BS3b; U

3ENOMUHAWMUEE YCTPOUCTBO, COCHNHEHHOE ¢, HO MSHbLIEH Mepe, OAHNM IPOLECCOPOM.

2. YeTtpo#teTso 1o 1.1, B KOTOPOM, TI0 MeHbIlel Mepe, 0QMH HPOLEccop BBIIIOIHEH C
BOZMOWKROCTBIO TPHAUMATE YIPABAIEMbIY K4, neperadHeil Ha OcroBe a8HO 0O paTHOH
CBS3U.

3. ¥YCTpoficTso 110 111, 8 KOTOPOM, TI0 MEeHbiell Mepe, OZ#H TPOUECcOop BhITOIHEH C
BOZMOKHOCTBIO HPRAUMATE YIIPABIISEMbIY KaAP, Nepeiad AL HA OCHOBE HESIBROM
OOPATHOM CBSZH, BbIBCIEHHON U3 HEPBOrO 30HIUPYICLLEIO KaApa.

&, VeTpoleTso 1o 1.1, 8 KOTOPROM, 110 MeHbUIEN Mepe, 0/AMH FPOUSCCOD BhiNOJIHEH ¢
BO3MOMHOCTBIO NPHAUMATE SABHYES Q0PRTHYIO CBH3E, BRIBEACHHYIS Ha OCHOBE NEPBOTO
20HAMPYICLIETO Kaapd, BHBOINTE HHGOMAIMIO YIIPNABACHHT Ha OCHOBE NPUHATON EBHOM
OOPATHOM CBA3M M TIepeAaBaTh VIPABASEMsI KaIp Ha OCHOBE AHGOPMANUN VIIPDABICHHR.

5. YerpoleTso 1o 11, 8 KOTOPOM, 11O MeHBLIeH Mepe, GAHA HPOLEcCop BhETONREH ¢
BOZMOXHOCTBIO MPUHHMATE TPETHI 30HARPYIOWXI Kaap, BBBOAKTb UHGOPMALUIO
YIPABICHHA Ha OCHOBE TPETLETO JOHIUDYICIICTO KaApa ¥ Nepelasath YipaBnagemsli xagp
AQ OCHOBE HHGOPMATMY YTIPABRCHASL.

6. Yerpo#erso 1o n.l, 8 KOTOPOM Ka3KABIH M3 NIEPEOT0 U BTOPOTO 3OHIHPYIOINX KaIpos
COACPKHT MOJIE TCCTUPOBAHHS U JAHHBIX.

7. ¥YerpoeTso 1o 1.1, B KOTOPOM KQXKIbill M2 TEPROTO ¥ BTOPOI0 20HIHPYISIINY KA pos
COAEPHHUT NAKeT HyAeBBIX AaHHBIX {(NDP), uMeroiinil, no Merblue# Mepe, O4HO noxe

IPR2022-00468
Apple EX1016 Page 781



o
S

25

48

B

RU 2419213 C2

TECTHPOBARMKSL, HO HE COACPH AN TOIE AAHHBIX.

8. ¥CeTpoticTBO 10 1.1, B KOTOPOM KaKIBi# K3 HePBOrO U BTOPOrO 20HAHVIOUIUX KAaAPOB
COACPHKUT KaAp, MMEIOUINHA HOIA TECTUFOBAHMS M TAHHbBIX WAK NTAKET HYACBBIX
JanHsiX (NDP), uMeiownmit, 510 MEeHbInEH MePe, O/AHO TTONE TECTHIOBA KLY, HO He
COOEPKALEHE NOJEC JaHHEIX.

9, YCTpORCTBO 110 1.1, B KOTOPOM #BHAK O0PATHAS CBAZL COBEPHMT MATPULL!
uidhopManmy cocTosang kadaia (C81), HeCKATRIC MATPHMIR! 00O PATHON CBA3U
HOPMUPOBAHHS JyHda MITH CHATHIC MATPAILE OOPATHOM CRA3M QOPMHPORAHMS JTYHA.

10, VeTpo#eTro 110 1.1, B KOTOPOM HEPBbilt i BTOPOH 208 ARPVIOHIUS KAXDH! COIEPHAT
MOZVJIK JaHHBX npoToxoa (FPDU) s 1POTOKONIA CXOHICHUS U INUSCKGTO
ypoBHA (PLLP)Y B cooTBereranm co cramgnaprom IEEE 802,11,

11. Crioco0 nozaekku OPMHPOBAHUE Iy A B CCTH OSCIPOBOAHOMN CBSI3H, COAepKamit
3TAITR], HA KOTOPBIL:

OPAHAMAKOT 33 POC TSCTHNOBAHNS,

fIepe AT TEePBLIF 30HAUPYICHINA KAAD B OTBET HA 3AIIPOC TSCTUPOBAHYS;

APVHUMAROT 3A0POC HA FBHYIO 00PATH YO CBSI3E MK (POPMUPOBAHYUN f1yya;

NPUHEMAFOT BTOPO SOHAMPYISIENT KA,

TEHEPHPYIOT SBHYIO 00PATHYI® CBH2H HA OCHOBE BTOPOTO 30HAPYIOIEroO Kaapa; 1

AEPeAAUOT HEHYIO OOPATHYIO CBASh 8 OTBST HA 34NPOC HU SBHYIO O0PATHVIO CBH3L.

12. Croco0 o 1.1 1, JOTIONHUTERHO COACPAKAIINA 3TAM, HA KOTOPOM:

ApHHAMATOT VIIPABIReMbI Kaip, TIepeiantibill HA OCHOBE SIM00 RBHOW 05 paTHOH cnH3q,
MO0 HegBHOM 00PATHOM CRA3K, BhIBSACHHON M2 TICPROFO 20HAMPYICILEIO Kaapa.

13, Crroco0 110 .11, JOTIONHWTEIBHO CONCPKAMMY 3Tarisl, Al KOTOPHIK:

APHHEMAIOT ABHYIO OOPATHYIO CBSI3k, BLIBEACHHYIC Ha OCHOBE HePBOFO 30HAUPVIOUIRFO
Kajipa,

BRIBOAAT HAGOPMATAG YNPABACHASE Ha OCHORBE NPUHATON SBHON 00pATHON CRAZH;

HeperaioT VIpapageMu i Kap Ha OCHOBE HHQOPMAHME VIIPUBACHHS,

14, Crioco0 1o n.1 1, ZOTOSHATETEHO COACIPKATIMM ITAMK, HA KOTOPLIX:

OPHEAMAICT TPETHH 30HANDYIOLIHI Kaaj,

BBIBOAAT HAGOPMAMIO YTIPABIASHNS Ha OCHOBE TPETLETO 30HAUPVIOLIETO Kagpa: K

HepeaaroT VHPABIASMEIE KaIp Ha OCHOBE HHQOPMAHHK VIIDABICHYS,

15, Yerpo#icTtBo ANs BOAASPRKA (POPMHUPOBAHNUS JTYHA B CETH OCCTPGBOAHON CBA3H,
conepskaliee:

CPeACTBO OPHUEMA 3apoca TeCTUPOBAHU;

CPERCTBO NIEPEAAYH [1EPBOTO 0HARPYIOILEIO Ka/ipa B OTEET HA 2alPOC TECTHPORAHNS

CPEACTBO MPHEMA 3ANPoca HA IBHYEY ODPATHYIO CBA3b % (BOPMUPOBAHKS NIVYA;

CPEACTBO APUEMA BTOPGIO 30HAMPYIOLIETO KajApa,

CPERCTBO FEHEPHPOBAHNE SBHOM OOPATHOM CBI3M HA GCHOBE BTONOI'0 30HIUPYIOLIET O
Kaapa;

CPEACTBO AepeAddR A BHOM 00paTHOH CBAZM B OTBET HA 3aFpOC R4 HBHYIO OOPATHYIC
CBH3E.

16, Yerpo#cTBo 10 1,15, AOTIONHUTRARHO COASPKAiies:

CPEACTBO APHEMA YOPABASEMOFro Kaapa, TIepeIaHHOTO Ha OCHOBe MO0 BHOM 00praTHOMU
CBS3H, SO0 HEFBHOH 00OpATHOMR CBS3H, MOAYYESHRON M3 NEPROT0 20HAMPYIOLIEro Kaapa.

17, ¥YerpolieTso 110 11,15, Z0NONHMTENLHO conepraLiee:

CPEACTBO TIpHeMa sIBHOM 0OpaTHOI ¢Bs3H, BHIBEACHHOM HA OCHOBE fIEPBOTO
3OHAMPYIOLHETO Kaipa;

CPEACTBO BHIBOAA UH(MOPMALHH YHPABHERKA Hd OCHOBE NPUHSTOH siBHOY 00paTRO
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CBAM; H

CPEACTBO NEPeAatd VIPABIAEMOT G KaApa Ha OCHOBE UH(BOPMAUY YITPARICHHS.

18. ¥erpohieTeo 1o 115, ZONONHUTENbHO CoAepratiee:

CPEACTBO IPUEMA TPETHETO 3OHARDYICIAEr O Kaapa;

CPEACTBO BRBOZA HH(IOPMAIIKAH YHAPABACHHNA HA OCHOBE TPRTHLT0 3CHAHPYICWISTO KA Pa,
H

CPERCTBO FEPEAauH YIIPABRIIEMOrO Kaipa Ha OCHOBE HHMOPMARRH VIIPABACHHUA.

19, CarTbiBaeMblit TIPORECCOPOM HOCHTE b, BRITIOMAIOUINA B €elst MHCTPYKIHH,
COXPAHEHIBIE B HEM, COMepKanini:

nepsbit HA0OP HHCTPVKLEWA AJIS MPHEMa 3aT1POCa TECTHPOBAHKS

BTOPOH HAOOP HHCTPYKUUH it UePeiasu HEPROTO 30HAUPYIOErO Kaipa B OTBET Hi
3anpOC TECTHPOBAHUT,

TPETHit HAOOD WHCTPYKIIHE /35 FIPUEMA 3aITPOCa Ha FBHY O0ODATHYIO ¢Bs3h A5
GOPMUPOBANHA NyHa;

FIETREPTBI HaOOP MHCTPYKIMHA A7 I pHEMa BTOPOTO 30HAUPYIOMEro Kaapa;

TS b HA00D MHCTRY KU JUTH VEREPUPORARKS RBHOY O0DATHOM CBHIH HA OCHOBE
BTOPOTO 30HAUPYIOUIETO K3APA; U

EECTOM HAO0OP HHCTPYKIAUH 1% IEPEXaty $BHOM OOPATHOM CRS3M B OTEET HA 3a11POC Hi
HBHYO OOPATHVID CEA3h.

20, ¥CrpoficTBO 2154 HOPMHUPOBAHEL NyH4a ¢ SBHOH 00paTHOH CBA3biO, COTCPIKAICE:

110 MEHBIIEH MEPE, OJIMH HPOLECCOD, BLITIOMAACAHLN ¢ BOIMONKHOLTRIO NEPEIaBaTh
MIEPBELA KAAD C 330 POCOM Ha ABHVIO OOPATHVIO CBA3b, IEPEAABATE HAKET HYAEBLIX
navrs (NDP), nMewoniili, o mensiielt Mepe, O4HO NOAE TECTHPORAHNAR, HO HE
COASPKAILENHN NOJIC BTAHHBIX, H TPUHUMATE BTOPOI KaZp ¢ 4BHOM OOPATHOH CBASLIO,
BRIBEACHHOM Ha ocroBe NDP; ¥

3aNOMIHAI0NIEE YCTPONCTED, COSRHCHROE ¢, N0 MERbINeH MePe, OTHUM N1 POLECCOPOM.

21 ¥Yerponerso 1o 11,20, B KOTOPOM, 11O MEHbiie#l Mepe, O9H HPOLECCOD BITTOHEH €
BOZMOKAOCTHIO BHBOIHTL HRPOPMATHIO ¥NIPARACHHS Ha OCHOBE $BHOR 0OPATHON CRA3H U
HEPeIABATE VI PARIIEMBIA KaAD Ha OCHOBE UHGOPMATUMA VI PABJICHUSL.

22.VCrpofieTrO 110 11.24, B KOTOPOM TEPRHE KaJip COALPMUT Kaap Request to Send
{3anpoc Ha nepeaauy}l (RTS) U B XOTOPOM, 110 MEHbilIeH Mepe, OIMH TPOHECCOP BBHIOIHEH ¢
BOGMOMHOLUTHIO BPHHHMATE Kaap {lear to Send (rovos x nepenaae) (CTS)
nepezaBate NDP B TeyeHMe BPEMEHU KOPOTKONO NPOMEKYTKE Mexay Kagpasu (SIES)
kazpa CTS.

23. Yorpoicteo 10 11.2€, B KOTOPORM, MO MEHBIISH MEPE, OMH N POECCO] BHITOIMAEH C
BOZMOKHOCTBICO NEPEHARATE TPETHH Kadp ¢ NPEAOCTaBICHNHEM 0O PATHOTO HATIPABIASHUA B
TEYCHHE BPEMEHH KOPOTKOIO NPOMEXYTKA MEWAY KakpaMu (S1F8) NDP U npUHuMaTh
BYOPOH K& HOCHE TPETBErO KaAPa.

24. ¥crpo#icTBo 1o 1.23, B KOTOPOM, 110 MeHBIHeH Mepe, OOHH NPOLECCO) BHIOAHEH
BO3MONKHOCTRIO BRIEFOHATE B NEPBSIA KA AN B TPETHN Kadp YREIOMASHHE O TOM, 4TO
anee cneiyer NDP.

25. Cnocod GopmMHpOBAHKS JIyya ¢ SBHCH OOPATHOH CBA3LI0, COASIKALMN 3TAMIbL, HA
KOTOPBIX:

AEPSAAIOT NEPBbil KQAP € 3AfPOCOM HA ABHYIO COPATHYHY CBI3E,

MEPLAAIOT HAKET HVIEBLIK Xauusik (NDP), uMerownll, no Meusinell Mepeg, Q/1uo nosie
TeCTHPOBAHUS, HO HE Mot NosAe JaHHEX; H

MPHHMMAIOT BTOPOM Kadp ¢ SIBROH 00paTHOM CBR3bIG, RHIEICHAON Ha ocuese NDP.

26, Crioco0 1o .25, JONOARUTENLHO COAEPIKATEUN ITafbl, HA KOTOPBLIX:

Cro: 24

IPR2022-00468
Apple EX1016 Page 783



S
S

<

B

RU 2419213 C2

BEIBOART HHPOPMALMIO YIIPABISHUR Ha OCHOBE SBHOM OOPATHONW CBAZM; M HEPEIAT
YUPABISEMbIH Kadp Ha OCHOBE HHGOPMAHK YHPABIICHUA.

27. Croco6 1o 1.25, AONGIHUTEIbHO COTCHKAILIEH 3Tal, Ha KOTOPOM:

upuanMaroT kaxp Clear to Send (ro1os x nepesaye) (CT8) B orser Ha xkaap Request to
Send (3atipoc #Ha nepedaqy) (RTS) B nepBoM Kaape U B KoTopom NDP nepesaloT B TeyeHHe
BPEMEHH KOPOTKSrO UpOMEARYTKE Mex/y kaxpamu ($IFS) xaxpa LTS,

28. Cnoco® no 1.25, J0UCARRTENIBHO COHEPKARH 3Tan, H3 KOTOPOM:

HEePeAAIT TPeTul Kaip C PA3PEUICHHEM HA OOPATAROE HaNlPABICHUE B TEUCHHE BPEMERH
KOPOTKOIO HPOMERYTKA MEKLY Kaapamy (SIFS) NIDP 1 B KoTOposM BTOPOI Kaap
APUHUMAIOT NOCAE TPETBETO KaANd.

28. Cnocol 1o 11.28, AOTOAHRTEIILHO COMACPIKAUIKH 3TAN, H3 KOTOPOM:

BKICYAIOT B TIepPBBIF KaZp UM B TPEeTUH Kaap YB&ZOMIICHHE O TOM, UTO ZAJTee
crrenyer NP,

38, YeTpotcerBo s HOAACEHKKU POPMUPOBARNS JTY4ad B CeTu 0eciipoBOAHON CBA3Y,
codepxatiec:

HO MEHBEIEH MEPe, O4UA HPOLELLOD, BLINOIHEHHEL C BOIMOKHOCTHIO HPHHUMATS [TaKeT
HVASBBIX JaHHbIX (NDP), nMeroiiuil, O MeHEBLUICH Mepe, OZHO HOJe TeCTURGBAHNS, HO He
COACWAVHMET TIONTE TAHHBIX, BbI BOANTL HHDOPMAIMIO YITPARICHMA Ha oCROBE NDIP 1
NePEAABATE YNPABANSMbI KAAD HA OCHOBE MHBCPMULUU YNIPABACHHS, U

34TIOMUHAIGIICE VCTPOHCTBO, COCAUHEHHOE, TI0 MEHBIEH Mepe, ¢ OAHUM NPOLLCCOROM.

31. Yerpodierso 1o 0.3¢, B KOTOPOM, 110 MEHBLICH Mepe, OLUH POLHECCOop BEUTONHEH ¢
BOZMOSKHOCTHIG IEPEAABATE EPBbIH KAAD ¢ 33IPOCOM TRCTHPOBAHUS] U NprauMaTe NDP p
OTBET Ha 3a1TPOC TECTHPOBAHNY.

32. Yerpotdietso 1o 1.3 1, B KOTOPOM, NG MEHBIHEH Mepe, OOHH NPOLECCOp BBITTOIHEH ¢
BOZMOMHOCTHIO EPEJABATE NPLIOCTARACHUE OOPATHOIC HANPARICHNS B HEPROM Ka/ipe,
APHHUMATE BTOPOU KAJAP HOCKHE NIEPBOTO Kaapa ¥ npuHamate NP nocrie BToporo kaapa.

33. YeTpo#icTso no 1.32, B KOTOPOM BTOPOIT K& Ap BIJIIOHAeT B ¢eds YBEAOMIIEHHE O TOM,
yTo Jadee cieayer NDP.

34. ¥YeTpoiicTBo 110 11.32, B KOTOPOM ETOPCH KAaap BKITFOYACT B Ce0d ODO3HAMRHUS TOTO,
YTO J{adtee ClleayeT Apyroft Kaap ¥ & KOTOPOM, 110 MEHBIUEH Mepe, 04HA npaieccop
BBITIOHCH ¢ BO3MOMKHOCTEIC!

APUHHMATHL TPETHI Kaap TOCHS RTCPOTO Kaapa, IPHYeM TPeTHi Kaap BK/Boyaet B ceds
OO03HAYEHHE TOT'O, ¥TO JaJee He CNEAYET HUKAKOM APYTof Kaxp.

35. YeTpolicTro 1o 11,34, B KOTOPOM, 110 MEHbiLiel Mepe, OAUHE APOHECCOP BHTOAHEH ¢
BOIMOMROCTHIO NepenapaTe Kaap Request to Send (zaupoc ra nepejaqy) (RTS), uprauMarts
kaap Clear to Send {roTob x nepegade} (CTS) B oteeT Ha kamp RTS W nepenaBaTs HepBEIH
wxagp nocne kanpa 1S,

36. Cnoco® noarepiKKN HOPMUPOBAHNS JTYUA B CeTH OeCTIPOBOIH O CBR3M, COACPKaUIUN
ITAMBL, HY KOTOPBIX:

OPUHMMARGT HAKET HYACBRIX JaHHBIX (NDP), uMmeromingl, no Mexblie Mepe, OHO i1oJ1e
TECTHPOBAHUA, HO HE COZEPXKAIING TIONC JAHHBIX,

BEIBOAAT UHPOPMAUMIG YIIPABACHHE HE OCHOBe NDFP; U 11epearoT yipapisieMbift Kaap
OCHOBE HHPOpPMAalHH VIIPABICHUA.

37. Cuoco® 110 11.36, TONONHUTEIRHO CONENKalkA 3Tan, Aa KOTOPOM:

TePEIaIoT HepBL Kalip C 3alipOCOM TECTHPOBAHMS ¥ B KOTONOM NDP NpuHaAMaioT B
OTBET HY 34TIPOL TECTUPOBAHHS.

34, Ciioco0 1o 11.37, AONOMHWTCIILHO COUCPAKAIMH 3Talisl, A KOTOPHIX:

tepeIaroT NPCACCTABICHIE OOPATHOTD HAITPAB/ISHMS B NEPBOM Kaipe; 0

w4
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NIPUHAMAKT BTOPOH Kaap nocke nepuoro Kaapa, npuyeM NDP npuauMawnT nocne
BTOPOTO Kagpa.

39. YerpoieTso 29 OAACPKKH hOPMHPOBAHUT JIVUA B CETH OeCTIPOBOIHON CRA3H,
COAepKatiee:

HO MCHBRIIEH MEPE, OIHH HPOLECCOP, BLITTOJIHEHEBIH ¢ BO3MOKHOCTEIO HEPCAABATE
AEPBbi KAIP © 3aAPOCOM TECTUPOBAHYY, NTEPSAABATE N1EPBLI [TAKET HY/IEBbIX
naunsix (NDP), umerowguit, no MensIRes Mepe, OHO 1OJC TECTUPGEAHUE, HO HE
COACPWALRKH TLOJTe HAHHEIX, ¥ ITPHRKAMATE BTOROR NDP B OTBET Ha 3a11pog TECTUPOBARAS; U

3AN0OMHHARICE YCTPOUCTED, COSAMHERHOE, IO MEHBLIEH MEPE, € CAHHM IPOLECCOPOM.

48, YerpoeTBo 1o 11.39, B KOTOpOM, O MEHBILCH MEpe, O4UH NMPOLLCCOP BHIOITHEH ¢
BOZMOWHOCTHY} TTPHHAMATE Y PABIIAEMbIY KaAP HA OCHOBE MHBOPMAUMH YN PABICHIAS,
BRIBEACHHON U3 Tepsoro NDP.

41. VerpofictBo 110 11.39, B KOTOpOM, 110 MEHbIHEN Mepe, OARH IPOLECCOP BITIOTHEA ¢
BOSMOKAOCTHIO BHBOAWTEL HROOPMALHIO YIIPARACHAS Ha oCHOBE BTOporo NDP U
fiepeAaBaTh VIIPABISEMBbill KaAp HA OCHOBE RTOPOH MHGODMAIHHY VIIPABICHUS.

42, VerpofieTBo 110 11.39, B KOTOPOM NEPBRIYA KAk BKITIo9acT B o0 0ObsBIERMe O TOM,
uTo marnee cieayeT NDP.

43, YerpolictBo 710 11.39, B KOTOPOM, 11O MEHEIHEH MEPE, OAMH MPOLECCOD BHINOITHEH ¢
BO3IMOKHOUTHIO NepesaBats xasp Request to Bend (aunpoc Ha pepedayy) (RTS), npuusats
kazap Clear to Send (roTos K nepeaaace) (CTS) B otret Ha kazp RTS 1 nepeaaBats nepobiit
gaxp nocie xanpa CTS.

44, Criocod ocyiuecTBiCHHS GOPMHPORAHHS AYHA B T OecnPORDIHON CBI3H,
CONEPHAA FTaN s, RA KOTOPSHIX!

NEePesaIoT NEPBLI KAZP C 3aIPOCOM TECTHPOBARHIS;

HEPEAICT UEPBLU NAKET AYACBHIX AaHHbIX (NDP), nuMetoniul, o MeHbLIeH Mepe, 04RO
HOJIE TECTUPORARNS, HO HE COAEPMANTIN NONE JARNKIX;, H TPHERMATOT BTOpOH NDP B OTRET
Hd 3anpoL TeCTHPOBAHKRL.

45, Criocod no .44, JONOMHWTENBHO COASPKAIIEH 3TAN, HA KOTOPOM:

APHHEUMAIOT YA PABIAIEMBIN KAEP HA OCHOBE HHEHCGPMANY YA PABICHNUS, BRBCACHHON U3
neppore NLGF,

46, Crioco® 110 11.44, ZOMOMHUTSIILHO COTEKAKR 3TAMB], HA KOTOPBIX:

BRIBO/DIT HHGOPMAUMD YITPABRACHUS HAa OCHOBE BTOPOTO NDP; 11

Nepe AARNT YHPABASEMBIT KA Ha OCHOBE BTOPOH HAGOPMALMH VITPABICHUR,

47, ¥YCTpolCTBO 214 KAJAHOPOBKH ITPH §IOPMHUPOBAHME /YUY B CETH OeCTIPOBOAHOH CBS3H,
cojiepwaties:

110 MEHREHEN Mepe, OJUH HPOLECCOP., BLINOMHEHHBIA ¢ BO3MOMKHOCTRIC HEPEIABATE
NEPBBI KAXP € 3aTPOCOM HA SBHYIO OOPATH VIO CBS3b A9 KanbPOBKH, MEPEAaBaTh MAKET
HVIE86IX JaHHe1x (NDP), uMerowgnit, 1o Mersmeii Mepe, 03HO0 N0 TECTHPOBAHMUA, HO HE
COAEPIRAIEHE TTOE DAHHBIX, TPUHHMATE BTOPOH Kaap ¢ FBHONH OOpaTHO# CBI3EIO,
APUHHUMATE 230H AU BYICAIMA Kalp, BEIBOJAHTE OUECHKY KaHA/d Ha OCHOBE 30HLHDYIOMWEro
Ka7ipa ¥ BLHIOMHSTE Ka/mOpOBKY HA OCHOBE OHCHKM KAHANA M SBHOR 0O paTHON CBY3IM,

H 3AIIOMMHAICE YCTPOHCTRO, COEUHEHHOC, TTO MEHBUIER MEPE, ¢ OAHMM ITPOHECCOPOM.

48. VeTpofictBo 110 .47, B KOTOPOM 20HABPVICUINN Kaap cogepskut NDP.

49, VeTpoficTBO 110 11.47, B KOTOPOM 20HARPYICIIHT KAAP COASPNKHT NONT TeCTHPOBARUR
H JaHHBLIX,

50, YerpolicTBo 110 11.47, B KOTOPOM MEPBBiM KAZP COACPKUT 3aMPOC TECTUPOBAHUS U
YBESAOMIIEHRE O TOM, ¥TO gajiee caeiveT NDP, npuyeM 20HAZpYigui Kaip HEPERAeTCs B
OTBET HA 3ATIPOC TECTHPOBAHHA,
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51, Yorpoterso 110 11.47, B KOTOPOM, 110 MEHBIIEH MENE, ONUH ITPOLECCOP BHUIOIHEH ¢
BO3MOKHOCTBIO NEPETARATE TPETHHI KALD € 3aNPOCOM TECTHPOBAHES Itocie NDIP, npirieM
SOHAHPYICIIRTA KAaAp HepeJaeTCs 8 OTBET HA 3aNPOC TECTUPOBAHKA,

52. Crniocod BBINONHCHMS KaTMOPOBKA TH GOPMUPOBAHNNA JIVYA B CceTH OeCHDOBOIHOR
CBSI3H, COOEKAINMI 3TANbl, HA KOTOPBIX:

TIEPEAAIOT TISPBBIH KD ¢ 3afIPOCOM i HBHYIO OOPATHYIO CBA3E /1T KaJuOpOBKH;

MePeHaroT NaxkeT HYIeBsIX JaHHBIX (NDP), umeoinnli, o Meusirelt Mepe, OXHO 1O
TECTHPOBARUS, HO HE COASPHAWMAN TOJIE JaHHBIX;

NPHEHUMAIOT BTONOR Kadp ¢ ABHOH 0OpaTHOH CBAZLIO;

TNPUHMMAFOT 30K VICLINHA Kaap;

BRIBOAST OUCHKY KaHAJA HA OCHORE 30HAMPYIOIETO KAAPa: U BRHTOMHSFOT KaJIUOPOBKY
HQ OCHOBe OHeHKY KaHajda 1 9BHO# 0OPATHOR CBSI3H.

53, Crroco 1o 11.52, B KOTOPOM NEPBbIA KAAD BKIIOHACT B Ce0H 3a51POC TeCTHPOBAHET 1
VBEZOMJIEHHE O TOM, HTO Jajee caegyeT NDP, ipd 2ToM 308 M pYVISIvll Kaap rieperanT B
OTBeT Ha 3aNpoC TECTUPOBAHAN.

54. Crrocod 1o 11.52, 30THOIHW eAsHO CONCPRAMA 3Tatl, Ra KOTOPOM:

NePETAIOT TPETUH Kanp € 2aTIPGCOM TecTHPOBRAHUA nocie NIOP, npy 37oM 30HIHPyoIUHi
KQAP TIEPEAAIOT B OTBLT HA 38POC TRCTAPORAHMA,

55. ¥erpofictBO Ais fiepeaayuy oOpaTHON CBR3U, CoASpMaLee:

MO MSHRIUEH Mepe, OGHH NPOLECCON, BHITONHEHHBI C BOZMOXKHOCTBIO NPUHUMATE
3aTIPOC Ha 00PaTHYIO CBAZL ¢ pudopMammed coetosHms kaada (TS s kamMOpoBKA,
TIPHHUMATH 3OHAMPYICLIMA K3AD ANt FeHepUPORaHUs oOpaTHo# Cesizu CSI HA ocHoBe
3OHIMPYOMETO Kagpa 1 iepeiasath 00parayio cexzs £81 083 rPYNNUPOBEY TOTHECY WX A
¢ TIONHOM TOYHOCTEIO: H

32 0MUHHBIOUES YCTPORLTBO, COCAMHEHHOE, 10 MEHEIUCH MEPE, ¢ OAHMY TPOLECLOPOM.

56. ¥erpo#cTro 110 11.55, B KOTOPOM, 110 MERBIHEH MEDe, OJHH NPOLCCCOP BRITIONRCR ¢
BO3MOMKHOCTEIO IIepedaBaTs oOpatHylo ¢Bask CSI B Kaape aAMUHUCTPUPOBAHUS, HMEIOLIEM
HOJE TPYTITIRPOBKH H TIONE pa3Mepa KOhGuiMeHTa, YUTARABANBATE B TIONE TPYUNU#POBKY
AT OOC3HAYCHUSE OTCYTCTBUA TPVIHIHPOBEH NOAHSCYIHX ¥ YCTAHABAWBATE B TIOJIE pazMepa
xosdbupeHTa 3 m1x 0003HaHeHH 8 OUTOB 19 NIOHOA TOUHOCTR oOpaTrof cassu {S1.

57. ¥Yerpotetso no n.55, B KoTopoM copataag ¢B13s CST comepnt matpuyy CST 1w
KAXTION M3 MAOAECTRE TORHRECYINHY, TIPHTOAHRIX 139 TIRPSAASA.

58. Crrocod nepedgayy oOpaTHOR CBAZYM, COASPKAMIMI 3TalsL, HA KOTOPLIX:

TIPHHEMAIOT 3A11POC HE OOPATHYIO CBSI3b /LY TTONYUCHUS HHGOPMALKK O COCTOSHUN
wagaa (CST) juts kawuOpORKY;

TIPHEAMAIOT 30HIHPYISIHHN Kaap:

TRHEPHPYIOT 00PaTHYIO ¢8s13b (ST HA OCHOBE 30HIMPYIOLIETO Kapa; U

riepesaioT oOpatuyro cBssh CST 0e3 rpynmupoBKH MTOFRECYUMK W ¢ TTOAHOH TOYHOCTSIO.

59. CriocoB no n.58, B KOTOpoM niepefaya DOpaTHOM ¢Ba3n US1 COTEPKUT 3TANb, HA
KOTOPBIX:

nepesaroT oOpatryo cBsab CSE 8 Kxaape aIMUHUCT PHPOBAHUMS, HMEIOILEM TIOJE
PPYIHIHPORKY ¥ TTONE pasMepa Ko3phuitneHTa, yCTAHABIMBAIOT B TTONe FPYNIIMPOBKH & HIs
ODOZHAYCHMWA OTCYTCTBHS IPYNNUAPOBKH IHOJHECYHIMX B YCTAHABIHMBAIOT B NOJIC hazMepa
xko3pdumenta 3 ang 0003HAYCHUT 8 OUTOR T TIONHOM TOYHOCTH 00OpaTrOM casisy S1.
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