Application No. Applicant(s)
) B 16/294,883 Ahn et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
MANDISH RANDHAWA 2477 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.) This communication is responsive to communication(s) filed on September 22, 2020.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ;

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on i the
restriction requirement and election have been incorporated into this action.

3.4 The allowed claim(s) is/are 21, 26, 27, 29-33,38, 39, renumbered as 1-10 . As a result of the allowed claim(s}), you may be eligible
to benefit from the Patent Prosecution Highway program at a participating intellectual property office for the corresponding
application. For more information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to

PPHfeedback@uspto.gov.
4[¥] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) CJan b) ) Some  *c) ™ None of the:

14 Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.

3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.L] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. ¥] Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. [J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 5

3.0J Examiner's Comment Regarding Requirement for Deposit 7. (J Other ;

of Biological Material
4. Interview Summary (PTO-413),
Paper No./Mail Date. 12/30/20.
/MANDISH K RANDHAWA/
Examiner, Art Unit 2477

U.S. Patent and Trademark Office j
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20201226
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Application/Control Number: 16/294,883 Page 2
Art Unit: 2477

DETAILED ACTION
Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
EXAMINER'S AMENDMENT

2. An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of suchan amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner's amendment was given in an interview with
Young Seok Koo on December 30, 2020.
3. Claims 28 and 40 have been amended as follows:

Claim 28 (Cancelled).

Claim 40 (Cancelled).

Allowable Subject Matter
4. Claims 21, 26, 27, 29-33, 38, 39, renumbered as 1-10, are allowed.
Conclusion

9. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MANDISH RANDHAWA whose telephone number is
(571)270-5650. The examiner can normally be reached on Monday-Thursday (7 AM-4
PM).

Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an
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Application/Control Number: 16/294,883 Page 3
Art Unit: 2477

interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Ayaz Sheikh can be reached on (571) 272-3795. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

/MANDISH K RANDHAW A/
Examiner, Art Unit 2477
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Application No. Applicant(s)

16/294,883 Ahn et al.
Applicant-Initiated Interview Summary Examiner ArtUnit | AIA (FITF) Status
MANDISH RANDHAWA | 2477 Yes

All participants (applicant, applicants representative, PTO personnel):

(1) MANDISH RANDHAWA. (3) .

(2) YOUNG SEOK KOO. (4) .

Date of Interview: 30 December 2020.

Type: Telephonic [J Video Conference
OJ Personal [copy given to: (3 applicant [J applicant's representative]

Exhibit shown or demonstration conducted:  [JYes [ No.
If Yes, brief description:

Issues Discussed [(J101 112 O102 [O103 [OoOthers

{For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)
Claim(s) discussed: 28 and 40.
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 ete...)

Applicant's representative authorized examiner's amendment to avoid potential rejection under 112 (d). For details,
see examiner's amendment..

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
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 patentahility 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.

(J Attachment

/MANDISH K RANDHAWA/
Examiner, Art Unit 2477

U.S. Palent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20201226
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview,

Title 37 Code of Federal Regulations (CFR) 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111,1.135. (35 US.C.
132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to any
alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiners responsibility to see that such a record is made and 1o correct material inaccuracies
which bear directly on the question of pateniability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing out
typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
"Contenis" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the conclusion of
the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicants correspondence address either with or prior
fo the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other circumstances dictate, the
Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

- Application Number (Series Code and Serial Number)

- Name of applicant

- Name of examiner

- Date of interview

- Type of interview (telephonic, video-conference, or personal)

- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

- An indication whether or not an exhibit was shown or a demonstration conducted

- An identification of the specific prior art discussed
An indication whether an agreement was reached and if so, a description of the general nature of the agreement {may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview unless
it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the substance of the
interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,-

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on

the Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed

by the examiner.

Examiners are expected to carefully review the applicants record of the substance of an interview. If the record is not complete and accurate,

the examiner will give the applicant an exiendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiners version of the statement
attributed to him or her. If the record is complete and accurate, the examiner should place the indication, Interview Record OK on the paper recording
the substance of the interview along with the date and the examiners initials.
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |is/94 883 —
H ||||“ Examiner Art Unit
MANDISH RANDHAWA 2477
CPC
Symbol Type Version
HO4W F 2013-01-01
HO4W | 2013-01-01
HO4W | 2013-01-01
HO4W | 2013-01-01
HO4L | 2013-01-01
HO4W | 2013-01-01
HO4W | 2013-01-01
HO4W | 2013-01-01
HO4W | 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 10
/MANDISH K RANDHAWA/ 26 December 2020 - ; o
(Primary Examiner) (Date) 1 28
U.S. Patent and Trademark Office Part of Paper No.: 20201226

Page 1 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |is/94 883 —
H ‘l"“ Examiner Art Unit
MANDISH RANDHAWA 2477
INTERNATIONAL CLASSIFICATION
CLAIMED
HO4W
NON-CLAIMED
US ORIGINAL CLASSIFICATION
CLASS SUBCLASS
CROSS REFERENCES(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 10
/MANDISH K RANDHAWA/ 26 December 2020 . ; o o
(Primary Examiner) (Date) 1 28
U.S. Patent and Trademark Office

Page 2 of 3
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/ssue Classification

Application/Control No. Applicant(s)/Patent Under Reexamination
16/294,883 Ahn et al.

Examiner Art Unit

MANDISH RANDHAWA 2477

(Assistant Examiner)

(] Claims renumbered in the same order as presented by applicant (] CPA (J T.D. [J R.1.47
CLAIMS
|Final |Original|Final |Original|Final |Original|Final |Original|Final [Original|Final |Original|Final |Original|Final |Original
1 21 5 30 10 39
- 22 6 31 - 40
23 7 32
- 24 8 33
- 25 - 34
2 26 - 35
3 27 - 36
- 28 - 37
4 29 9 38
NONE

Total Claims Allowed:

(Date) 10

/MANDISH K RANDHAWA/
Examiner, Art Unit 2477

(Primary Examiner)

26 Dogember 2020 0O.G. Print Claim(s) | O.G. Print Figure

(Date) 1 28

U.S. Patent and Trademark Office

Part of Paper No.: 20201226

Page 3of 3
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Application/Control No.
Search Nofes

Applicant(s)/Patent Under Reexamination

16/294,883 Ahn et al.
MANDISH RANDHAWA 2477
CPC - Searched*
Symbol Date Examiner
HO04W80/02, H04W28/0268,H04W74/0808, HO4W40/244, HO4W74/ 12/26/2020 MR
08, HO4L5/0055, HO4W84/12, HO4W74/00,H04W72/0446
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
Performed Inventor/Double Patenting search 06/17/2020 MR
Performed NPL (IP.com, STIC, Google), and East text search 06/18/2020 MR
Performed Inventor/Double Patenting search 12/26/2020 MR
Performed East text/CPC search 12/26/2020 MR
Performed Interference search 12/26/2020 MR

U.S. Patent and Trademark Office
Page 1 of 2
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Search Nofes

Application/Control No.

Applicant(s)/Patent Under Reexamination

16/294,883 Ahn et al.

MANDISH RANDHAWA 2477
Interference Search
oo Class/CPC | ys subclass/CPC Group Date Examiner

ymbol
HO4W 80/02, 28/0268,74/0808, 40/244,74108, 84/12, 741
e 12/26/2020 MR

HOAL L5/0055 12/26/2020 MR

U.S. Patent and Trademark Office
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July 16, 2020

Form PTO-1449 (Modified) ATTY DOCKET NO. U.S. SERIAL NO.
Page 1of1 B-9905CON 631950-4 16/294.883
LIST OF PATENTS AND APPLICANT FILING DATE OR 371 (C) DATE
PUBLICATIONS STATEMENT WILUS INSTITUTE OF STANDARDS | March 6, 2019
AND TECHNOLOGY INC. & SK
TELECOM CO., LTD.
GROUP NO.
2477
U.S. PATENT DOCUMENTS
EXAMINER | REFERENCE DOCUMENT ISSUE/PUBL. SUB-
INITIAL NUMBER NUMBER DATE BAME CASS | crass REMARICS
Aug. 10,
1. 2017/0230981 2017 RYU et al.
2, 2017/0257887 | Sep. 7,2017 | Ghosh et al.
Jun. 13, HUANG et
3y 2019/0182864 2019 al
. Aug. 24, :
4. 2017/0245261 2017 Cariou et al.
5. 2016/0198500 Jul. 7, 2016 MERaJl“IN it
6. 2010/0081393 | Apr. 1, 2010 Huang
FOREIGN PATENT DOCUMENTS
EXAMINER | REFERENCE DOCUMENT PUBLICATION SuB-
INITIAL NUMBER NUMBER DATE COUNTRE" | CLAD | pnss TRANSLATION
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
EXAMINER | REFERENCE
INITIAL NUMBER DOCUIMENT
7 Office Action dated April 16, 2020 for U.S. Patent Application No. 16/188,274
8. Office Action dated May 14, 2020 for U.S. Patent Application No. 16/361,283
9 Laurent Cariou et al.: “Proposed spec text for MU EDCA parameters”, Resolution for
) CID 9058 and 90751, IEEE P802.11, Wireless LANs, September 1, 2016. Sce pp. 1-7
10 Notice of Allowance dated June 18, 2020 for Korean Patent Application No. 10-2020-
) 7002361 and its English translation provided by the Applicant’s foreign counsel
1 Extended European Search Report dated May 12, 2020 for European Patent Application
’ No. 17849113.0
12 Notice of Allowance dated June 22, 2020 for Japanese Patent Application No. 2019-
: 500497 and its English translation provided by the Applicant’s foreign counsel
EXAMINER DATE CONSIDERED
/MBNDISH K RANDHAWA/ 12/26/2020

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.K.R/

© Ladas & Parry LLP

4 Revised Sept. 2012
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("2017/0041961").URPN.
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edca) same (timer or time$out or count$4
or count$down or reset$4 or set$4) with
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The present invention provides a method
for muiti-user uplink data transmission in
a wireless communication syslem and a
device therefor. Specifically, a method for
multi-user uplink data transmission in a
wirelass comimunication system
comprises the steps of receiving a
sounding request frame from an access
point (AP} by a station (8TA} ; and
transmiiting, by the 8TA, a sounding
frame to the AP in response (o the
sounding request frame, wherein the sounding request frame may include information

380



indicating the number of streams through which the STA should transmit the sounding
frame, and the sounding frame may include as many long training fleld (LTF) symbols
as the streams.
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CLAIMS WO 151983084

A method for transmitling multi-user uplink data in a wireless communication systam, the method comprising: recewving, by an
STA {Station), 2 sounding requesi frame from an AF (Access Point); And transmitting, by the 8TA, a sounding frame to the AP in
response 1o the sounding request rame, wherein the scunding request frame indicates the number of streams in which the STA
should transmit the sounding frame. Information, wherein the sounding frame includes long raining held (LTF) symbols as many
as ihe numbear of streams.

2.

The method of claim 1, wharemn the scunding request rame includes information for indicating a sounding request for uphnk
data ransmission in the sounding reguest rame,

&

The method of claim 2, whersin the sounding request frame is information for indicating 2 sounding request for fransmissien of
the uplink dala in an MRQ (Moduistion and Cogding Schame;} faedback requast {MRQO) subfield of a VHT control fisid. Uplink
muiti-user ransmission method comprising a.

4.

The method of claim 2, wherein the sounding request frame includes information for indicaling a sounding reguest for
transmission of the uplink dala in 8 sounding dislog loken fsld.

§.

The maibod of claim 1, wherain the sounding frame includes a Legacy-8horl Tralning Fleid {L-87TF), a Legacy-Long Training
Fietd (L-LTF), and a Lagacy SIGNAL (L-SiG) field. Efficiency 8TF), HE-LTF {High Efficiency LTF}, and HE-8IG {High Efficiency
SIGNAL] fislds consisting of enly uplink muliiuser transmission method.

8,
The method of claim 1, wherein the sounding reguest frams includes information for requesting buffer status information of the

STA, and tha sounding frame includes buffer status information of the STA.

7
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The method of claim §, wherein the buffer status information comprises an access category (AC) of uplink datz fo be ransmitied
by the STA, a size of the uplink dsia, a size of a gqueue in which the uplink dala is accumulatad, and ihe uplink dala
transmission, A multbuser transmission meihod inciuding information on at l=ast one of a backef count for and a conlention
window for the uplink datg fransmission,

B,

The method of claim 1, wherein the sounding request frame is a Null Data Packet Announcement (NDPA) frame.

9.

The method of claim 1. wherein the sounding frame is a nuil data packet (NDP).

16.

A mathod for transmitting multi-user uplink data in a wirgless communication system, the method comprising: ransmitling, by an
accass point (AF), a sounding request frame o an STA (Siation) participating in multi-user uplink dala Iransmission: Receiving,
by the AP, a sounding frame from the S8TA in rasponse to the sounding request frame: And the sounding request frame includes
information indicaling the numper of sirsams {0 which the B3TA should transmit ihe sounding frame, and the sounding frame is
an uplink incluging a8 long {raining field (LTF} as much as the number of streams. Mull-user transmission method.

i

The method of claim 10, funther comprising: transmilting, by the AP, a poliing frame 10 a sacond STA parficipating in multi-user
uplink data transmission in order to request transmission of a sounding frame; And receiving, by the AP a sounding frame from
the second STA in response 1o the polling rame.

12.

The method of claim 10, further comprising ihe step of allocaling, by the AP, uplink radic resources to the 8TA Dasad on uphnk
channel information measured through the sounding frame.

13

A STA {Station) device for transmitting muli-user uplink dala in a wireless communication system. comprising: a radio frequenay
(RFy unit for ransmitting and receiving & radio signal; And a3 processorn wherein the processor is configured o receive 3
sounding requesl frame from an AF {Access Point) and ransmit a sounding frame to the AP in response to ihe sounding
request frame, and the sounding request frame The apparatus includes information indicating the number of streams o which
the STA should transmil the sounding frame, and the sounding frame includes a long iraining field (LTF} symbel as much as the
number of sirgams.

14,

An AP (Access Poini) apparatus for transmibling mul-user uphink dala in a wireless communication system, compnsing: a radi
frequency (RF) unit for transmitling and receiving a radio signal; And a processorn, wherein the processor fransmits a sounding
request frame 10 2 plurally of 8TAs (Slations) participaling in muitbuser uplink dala fransmission, and receives a sounding
frame in response 1o ihe sounding request frame fromt the STA. And the sounding request frame includas informstion ndicating
the number of sireams o which the STA should transmit the sounding frame, and ihe sounding frame inciudas a long training
field (LTF) as much as the number of streams. Device,
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DESCRIPTION WOQ20151883084a1

Method for mulli-user uplink data fransmission In wireless communication systemn and apparatus therefor

The present invention relates to a wirsless communication sysiem. and more paticulady, o a method for supporting
transmission of uplink data by a multi-user and an apparatus for supporting the same.

WWi-Fi is a wireless local araa network (WLAN) technoingy that enabies devices to accass the infemet in a fregquency band of 2.4
GHz, & GHz or 6 GHz

YWLAN is based on the IEEE (instilule of sizctrical and siactronic engineers) é02.11 standard. The IEEE 802 11 Wireless Nexd
Generalion Standing Committes (8C} is an ad-hoo commiltee that considers the next-generation wireless jocal area network
OMVLAN] in the mid to long term,

IEEE 802 1in alms o increase the speed and reliabilily of the network and extend the operating distance of the wirsless
nabwork, More spacificaily, IEEE 802 31n supponts High Throughpul (HT), which provides a maximum data rale of 800Mbps, and
also supports both #nds of the transmiller and receiver 10 minimize transmission arrors and optimize the dala rale. i is based on
MIMC (Multiple Inputs and Mulliple Quitputs) technology using multiple aniennas.

As the spread of WLAN is activaled and applications using it are diversified, the next-generation WLAN system supporiing VHT
(Very High Throughput) is the next version of the IEEE 802 11n WLAN sysiem, and IEEE 802.11ac is newly astablished. IEEE
802 11ac supports data processing speeds of 1 Ghips or more through 88 MHz bandwidth ransmission and/or higher bandwidih
transmission (eg, 180 MHz}, and operatas mainly in the § GHz bang.

in recent vears, fhere is g need for a new WLAN system 1o support a throughpat higher than the dats processing speed
supportad by IEEE 802 11ac

The scope of [EEE 802.11ax, which is mainly discussed in the nexd-genaration WLAN study group calied [EEE 802 11ax or High
Efficiency WLAN, s 1} 802.11 physical (FHY) layer and MAC in ihe bands such as 2.4GHz and 5GHz. {medium access controd)
layer improvement, 2} specirum efficiency and area throughput improvement, 3} interference sowrce environmenti, dense
heterogensous nelwork environment, and high user load I includes improving performance in real indoor and outdoor
enviraniments such as the envirenment.

The scenario mainly considerad in IBEEE 802 11ax is & dense environment with many APs (aooess points) and STAs (stations),
and IEEE 802, 11ax discusses improvement in spectrum efficiency and area throughput in such a sifuation. | In paticular, there
is interesi in mproving practioat performance nol only in an indoor envircment but also i an outdoor environment that is nod
much considerad in the exshing WLAN,

IEEE 802 1axis interesied in scenanos such as wireiess office, sman home, stadium, hotspol, budding/apartmeni, and AP and
AP based on the scenario. Discussion on improving system performance in a dense envirgnment with many STAs is being
conduatad.

in the fulure, IEEE 802 11ax Improves system performance in an overlapping basic service set (OBSE) environmeni, improves
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cuidoor environment pedormance, and improves cellular officading, rather than improving single ok performance in ong basic
service set (BSE). Discussion is expectad o be aclive. This direction of IEEE 802.11ax means that the naxd-generation WLAN
will gradually have a technelegy range similar o that of mobile communicalion. Considering the recent giscussion of mabile
communication and WLAN technology in the grea of small cell and direct-io-direct (D20} communication, the fechnology and
business of nexd-genaration WLAN and mobile communication based on IEEE 802 11ax The fusion is expacied o besome more
active,

An object of the present invention is to propose a method for transmilting an uplink muili-user in a wireless communication
systent.

in agdition, an object of the present invention is 1o propose a pre-procedure for obtaming channel state informalion andior buffer
state information for uplink mulli-user transmission in a wireless communication system,

in addition, an ohizct of the present inveniion is o propase a frame strucihure for uplink mulii-user ransmission in a wirgiess
communication system.

The fechpical problems 1o be achigvad in the present invention are not imiled o the technical problems mentionad above, and
cther technical problems that are not mentioned will be clearly undersiood by those of ordinary skl in the technical field to which
the prasent inverlion belongs from the lollowing description. | will be able to.

in an aspect of the present invention, in a method for transmilting multb-user uplink daia in 8 wireless communication sysiem,
the slep of recelving, by an STA (Siation), a sounding request frame from an AP {Access Point), and the STA Transmitiing a
sounding frame o the AF In response to the scunding request frame, wherein the sounding reguest frame includes information
indicating the number of sireams in which the 87A should transmill the sounding frame. And, the sounding frame may include
LTF {Leng Training Field) symbols a5 many as the number of streams.

Another aspect of the present invention s an STA (Sialion) device for mulli-user uphlink data iransmission i & wireless
communication system, comprising a radio frequency (RF) unit and a processor for iransmitling and receiving a radio signal, |
The processor is configured {o receive 3 sounding request frame from an AP {(Access Poind}, and ransmil & sounding frame o
the AP in response to the scunding request frame, and the sounding reguest frame It includes information indicating the number
of streams in which the ging frams is to be transmified, and ihe sounding frame may inslude long training field {LTF} symbuols as
mueh 45 the number of sireams.

Preferably, the sounding regquest frame may include informeation for indicaling a sounding request for uplink dala fransmission in
the sounding request frame.

Preferably, the sounding request frame includes information for indicating a sounding reguest for fransmission of the uplink data
in the MRQ (Modulation and Coding Schams (MCB) feedback reguest) subfield of the VHT conbrol field. | can.

Frefarably, the sounding requesi frame may includs information for indicating a sounding request for ransmission of the yuplink
data in 2 sounding diaiog token fielg,

Preferably, the sounding frama, except for L-8TF {Legacy-8hort Training Fleld), L-LTF (Legacy-Long Training Field), and L-8IG
{Legacy SIENAL; field, HE-STF | HE-LTF (High Efficiency LTF) and HE-BIG {High Efficiency SIGMAL) fields may be configured
only.

Praferably, the sounding request frame may include information for requesting buffer state information of the 8TA, and the
seunding frame may include buffer stale information of the S7A,

Frefarably, the bufler staius information includes an AC (Access Catagory) of uplink dala to be transmilted by the 8TA, a size of
the uplink data, a size of a queue in which ihe uplink daia is accumuiated, and a bag for ransmission of the uplink data.  may
include information on at least one of a backeff count and a contention window for the uplink data fransmission,

Praferably, the sounding reqguest frame may be a Null Data Packet Anrouncement (NDPA; frame,

Preferably, the sounding frame may be a nuil data packet (NDP).

in ancther aspect of the present invention, in g method for fransmilting mulii-user uplink data in a wireless communication
system, an accass point (AP} o an 8TA (Station) pardicipating in multi-user uplink dala ransmission Transmitling a sounding
reguest frame, the AP receiving a sounding frame from the 8TA in response o the sounding request frame, and ihe scunding
reguest frame is a siream in which the 8TA should transmit the sounding frame i includes information indicating the number of,
and the sounding frame may inciude a long traming fisld (LTF) as mwch a3 the number of slreams.
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in ancther aspect of the present invention, n an AP {(Access Point} device for muiti-user uplink data transmission in a wirgless
communication systern, a radio frequency (BF) unit and a processor for franamitiing and receiving 8 radio signal are provided,
inciuding, wherein the processor is configured to transmit 2 sounding request frame to a pluralily of STAs {Stations) participating
i multi-user uplink data transmission, and {0 receive 3 scunding frame in response {0 the scunding reqguest frame from the §TA,
. The sounding request frame Includes information indicating the number of stieams 1o which the 8TA should transmit the
sounding frame, and the sounding frame may nciude s Long Training Feld (LTF} as much as the number of streams. .

Frefarably, the AP transmitling a polling frame {o a second STA participating in multi-user uplink dala transmission in order to
request iransmission of a sounding frame, and the AP fransmits a polling frame from the second STA 10 the poliing frame. H may
further include receiving a sounding frame in response.

Freferably, the AP may fwiher include allocating an uplink radio resource fo the STA based on uplink channal information
measured through the scunding frame.

Agcording 1o an emboediment of the present invention, uplink muiti-user Iransmission may be performed through each of different
spatial streams o frequency resources in 8 wireless communication system,

Further, according to an embaodiment of the present invention, # is possible to smoothiy perform uplink muiti-user iransmisaion
based on channel slate information andior bulfer state information for uplink mull-user transmission i a wirgless
comimunication systen.

Further, according to an embodiment of the present invention, # 5 possible to smoothiy perform uplink muiti-user fransmission
based on a frame structure for uplink multi-user ransmission in 8 wireless commurnication system.

The effects oblained in the present invention are not limited o the above-mentioned effects, and other effects not mentioned will
be clearly understood by those of ordinary skill in the art from the following description. .

BRIEF DESCRIPTION OF THE DRAWINGS The accompanying drawings, which are included as part of the detailed dgescription
to aid in undersianding of the present invention, provide amboediments of the present inveniion, and together with the detailed
desgription, the fechnical featuras of the present invention are desaribed,

1 is a diagram showing an example of an IEEE 802 11 system to which the present invention can be applied.

FiG. Z is a glagram Hustrating a structure of a layer architecture of an 1EEE 802,11 system to which the present invention can
be applied.

3 iustrates a non-HT forrmnat PROU and an MY format PPOU In a wirsless communication system fo whish the present invention
caut be appiisd.

4 iliustrates a VHT format PRPDU format of 8 wireless communication sysiem to which the present invention can be applied.

5 i 3 diagram ilustrating a constellation for classifying a format of a PRPDU in a wireless communicalion systam io which the
present invention can be applisd.

§ illustrates a MAC frame formal of an IEEE 80211 system to which the present invention can be applied.

7 s a diggram iHusiraling a2 frame conlrod fisld in a MAC frame in a wireless communication system 1o which the presentd
inventicn can be applisd,

8 is a giagram for explaining a random backo!f period and a frame iransnussion procedure i a wireless communication system
fo which the present invention can be applied.

8 is a diagram iflusirating an IFS relationship in & wireless commurnication system to which the present invention can be applied.

10 Hlustrates a VHT format of an HT Contro field in a wireless communication system to which the prasent invention can be
applied.

11 is a diagram concepiually showing a channel sounding method in a wireless communication aystem to which the prasent
invention can be appiisd.

12 is a diggram iliustrating & VHT NDPA frams in 2 wireless communication systam to which ihe presant invention can be
apphed.

13 is a diagram Husirating an NDP PPDU in a wirgless communicalion systen {o which the present invention can be applied.
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14 is a diagram ilustrating & VHT compressed beamforming frame format in a8 wireless communication system 10 which the
present invention can be applied.

15 is g dizgram exempiifying a beamforming repoit poll frame format in a wireless communication system to which the prasent
invention can e applisd.

18 is a diggram illustrating a Group 1D Management frame in a wireless communication system to which the present invention
can be applied.

17 is a diagram illustrating 2 downlink muli-user PPDU formal in a wireless communicalion system to which the present
imvention can be applied.

18 is a diagram ilusirating a downiink MU-MIMO trapsmission process in 2 wireless communicalion system o which the present
invention can be applied.

18 10 23 are diggrams #lustrating high efficienay (HE) format PPDUs according 10 an embodiment of the present invention.
24 dlustrates a phase rotation for detecling an HE formal FPRU according to an embodiment of the present invention.

25 15 a disgram Husirabing an uplink multi-user transmission procedure according 10 an embodiment of the present invention.
28 is a diagram Husirating an uplink multi-user transmission procedure according to an embodiment of the present invention,

FiG. 27 s a diagram Hustrating a structure of 3 downlink PPDU related to uplink mulliuser fransmission according fo an
embodiment of the present invention,

28 s a diagram dlustraling a pre-procedure for uphnk multi-user ransmission according to an embodiment of the preseni
invention.

28 s a diagram lustrating a pre-procedure for uplink muli-user transmission according o an embodimeni of the present
irvention.

30 18 a diagram ilusitraling 2 Null Data Packet Anncuncement (NDPA)Y frame according 1o an embodiment of the present
invention.

FiZ. 31 is a diagram dlusiraling a pre-procedure for uplink mulii-user transmission according (o an embaodiment of the present
invention,

32 s & block giagram dlusiraling a wireless device acoording o an embodiment of the present invention.

Herainafler, preferrad ambodiments of the preseni invention will be described in detall with referance to the accompanying
drawings. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS The detsiled description i be disclessd
hereinafier together with the accompanying drawings is infended lo describe exemplary embodiments of the present invention,
and is not intended fo represent the only embodiments in which the present invention may be practicad. The following detalled
dascrption includes spacific details o provide a thorough understanding of the invantion. Howsver, one of ordinary skill in the
art appreciaies that the invention may be praciiced without these specific detalis,

in some ¢ases, in order o avoid obscuring the concepd of the present invention, weallbknown siructures and devices may be
omifted, or may be iusirated in a block diagram form centering on core funclions of each structure and device.

Specific terms used in the following description are provided to aid understanding of the present invention, snd the use of these
spaaific lerms may e changed in olher forms without departing from the technical spirit of the present invention.

The following technologies are COMA {code division multiple aceess), FDMA (frequency division mulliple ascess), TOMA (time
division multiple access), OFDMA (orthogonal frequency division muitipis access), SC-FDMA {(single camer ireguency division
muiliple access), NOMA | can be used in various wireless azcess systems such as (non-orthogonal muliiple ascass), COMA
may be implemenied with universal terresisial radio ancess (UTRA) or radio fechnology such as COMAZOGD. TOMA may be
implemented with 2 radio lechnology such as global system for mobile communications (GSMYigeneral packet radic service
{(GPRS8Yenhanced data rates for GS8M evolution (EDGE). OFDMA may be implemented with wireless technologies such as
EEE {instiute of electncal and elecironics engineers) 80211 (WI-Fi), 1EEE 80218 (WiMAX), IEEE 802-20, and Z-UTRA
favolved UTRA). UTRA is pant of 8 universal mobile telecommunications system (UIMTS). 33rd genergtion parnership project
(GPF) long term evelution (LTE) is a pant of avobied UNMTS E-UMTE) using E-UTRA and empioys OFDMA in downlink and SC-
FOMA in uphnk. LTE-A (advanced) s an evolution of 3GPF LUTE,
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Embodimenis of the present invention may be supponied by standard decuments disclosed in at feast one of IEEE 802, 3GPP
and 3GPPZ, which are wireless access systams, That is, among the embodiments of the present invention, steps or parls not
deseribad to clearly reveal the tachnical kdea of the presant invention may be supporied by the above documants. {n adgition, aff
terms disclosed in this document can be descaribed by the slandard document,

For clanity, the IEEE 802.11 sysiem is mainly described, bul the fechnical features of the present invention are nol limited
thareto.

System genaral
1 is a diagram showing an example of an IEEE 802,11 system o which the present invention can be applied.

The IEEE &02.11 structure may be composed of a pluraiity of components, and a wireless communication system supporting the
mobility of a station {(8TA) that is ransparent {0 an upper layer may be provided by thelr interaction. | The basic service set
(358} may correspond 1o a basic building block in the HEEE 802.11 system.

in FIG, 1, Hree BSSs (BSS 1 to BES 3) exist and two STAs are included as members of each BSS (8TA 1 and 8TA 2 are
included in BES 1, and 8TA 3 and 8TA 4 are BSS 2}, Is included in, 8TA 5 and 8TA € are inciuded in BSE 3) as an exampie,

in FiG. 1, the eliipse indicating the BSS may be understood as indicaling a coverage area in which 8TAs included in the
corresponding BSS maintain cormnmunication. This area may be referred 1o as a basic service areg (B8A), When the STA moves
aut of the B3A, il cannot communicale directly wilh other $TAs in the corresponding B3A.

The mosl basic typs of BES in the IEEE 802 11 system 5 an independeni BSS (BS8). For exampie, the {888 may have a
mrimun form composad of only twe STAs, In addition, BSS 3 of FIG. 1 In the simpiest form and in which other compenents are
omitted may comespond 1o A represeniative example of IB8S. This configuration s possible when 3TAs can directly
comimunicate. in addition, this type of LAN is not configurad in advance, but may be configured whern a LAN is requirad, and this
nay be relerred to as an ad-hoc network,

Membership of the STA in the BES may be dynamicaily changad by turring on or off the STA, enfering or leaving the BES
agion, or the like, In order o become 8 member of the B8S, the 8TA can join the 888 using a synchronization process. in order
10 actess all services of the BSS-based struclure, the STA must be associated with the BES. This assoniation may be sal
dynarmicaily and may include the use of g distiibution system service (D8S).

802 11 The direct 8TA10-STA distance in the systern may be limiled by physical laver (PHY) performance. In some cases, the
limit of this distance may be sufficient, but in some cases, communication between STAs at a longer dislance may be required.
A distribution system ([0S} can be configured {0 support extenged coverage.

(1S refers to a struciure in which BS8s are inlerconnected. Specifically, instead of the independent 838 as shown in FIG. 1, the
BES may exist 45 an extended component of a network composed of @ plurality of 8885,

D8 is a logical concept and can be speclfied by the characterstics of a distribution system medium (D8M}. in this regard, the
IEEE 802 11 slandard logically divides a wireless medium (W) and a distribution system medium (D3M}. Each logical medium
is used for a different purpose and is used by differeni componenis. The defindion of the [EEE 802 11 standard does not limit
these media {0 the same or different. In this way, in that the plurality of media are logically different, the flexibility of the struciure
of the IEEE 802,11 sysiem (08 shructure or other network structure) can be described. Thal is, the IEEE 802,11 system
structure may be variously implemenied, and the comesponding system structure may be independenily specified aceording to
the physical charactenstics of each implemeriation.

The DS can supporl the mobile device by providing seamless inlegration of mullipie B88s and providing ihe logical services
necassary to handie addresses 1o destinations.

The AP refers to an entily that enabies access to the DS through the WM for linked 8TAs and has STA functionalily. Data
mavement betwaen the BSS and the DS may be performed through the AP For example, STA 2 and STA 2 shown in FIG, 1
provide a function of allowing the associaled 8TAs (83TA 1 and STA 4) to access the DS while having the funclionality of an 8TA.
Also, since all APs basically corraspond to STAs, all APs are addressable entilies. The address used by the AP for
communication on the WA and the address used by the AP for communication on the DSM need nol necassarily be the same.

fiata transmitied from one of the STAs associated wilh the AF to the STA address of the AP is always received on an
uncontrolled port and may be processed by the IEEE 802.1X porl access entity. In addiion, when the cenirofied poit is
authenticated, fransmission daia (or frame) may be transmitted fo the D&
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A wireless network of arbitrary size and complexity may be composed of DS and BEE, In the IEEE 802,11 system, this type of
network is referred {0 as an extended service set (ES8) netwark. The ESE may comespond 10 a set of BESs conneclied to one
08, However, ESE dees not include DS, The ESS nelwoik is characlerized i that it s seen as an 388 network al the Logical
Link Control {LLC) laver, 8TAs included in the EES can communicaie with each other, and mobile STAs can move from ong
BES o another {within the same EESS) transparently o the LLC.

in the IEEE 802.11 sysiem. nothing is assumed wilh respact to the relative physical locations of the BESs in FIG. 1, and the
fcilowing forms are all possible.

Specifically, BESs may be parhisly overapped, which i3 a commoniy used form o provide continuous covarags, In addition, the
BS8s may not be physically connecled, and logically, there is no limit {o the distance batwsen the BSSs. In addition, BS8s may
be physically located at the same location, which may be used to provide redundancy. In addition, one {or one or more) iIBSS or
ESE networks may physically exist in the same space as one or more ESE networks. This is whern an ad-hoc network operales
in a location where an ESS nelwiork exists, when physically overlapping EEE 80211 networks are configurad by different
orjanizations, or when bwo or more differant access and securily policies are requirad at the same location. H may correspond
fo the ES8 nelwork type in cases, efc.

in the WLAN system, the STA is a dewvice thal operates accorging to the HEEE 302 11 Medium Access Control (MADYPHY
reguigtions. STAs may inchide AP STAs and nen-AF STAs (non-AP 8TAs) as long as the funchon of the STA is not individually
distinguished from the AP However, when communication is performed betweern the 8TA and the AR the 8TA may be
understood as a non-AR 8TA. iIn the example of FH3. 1, S8TA 1, 8TA 4, 8TA 5, and STA 8 correspond to non-AP 3TAs, and 8TA
2 and STA 3 comrespond 10 AP S§TAs,

Mon-AF 8TAs generally comrespond fo devices directly handied by users, such as laptop compulers and mobile phones. in the
following desoription. a non-AP STA s 3 wirsless device, a terminal, 8 user equipment (UE), a mebile siation {(MS). a mobiie
terminal, and a wireless temminal. ), 8 wirgless ansmitreceive unil (WITRL), a network interface device, a Machine-Type
Communication (MTC) device, a Machine-lo-Maching {MZR} device, or the ke,

in addition, the AP is a base stalion {BS: Base Station), Node-B (Node-8}, evolved Node-B (eNB: evolved Node-B), and a base
transceiver system (BTS) in other wirgless communication figlds. | A concept comresponding to a famio base siation (Femto 88).

Herginafter, in the present specification, downlink (D) refers o communication from an AP 10 a non-AP STA, and uplink {UL)
refers 10 communication from a8 non-AP STA to an AR In downlink, the fransmifier may be part of the AP, and the receiver may
be pad of the nen-AP 8TA. in the uplink, the fransmitier may be pait of the non-AP 8TA, and the receiver may be pari of the AP,

Fi3. 2 is a diagram dlusiraling a structure of a layer architecture of an IEEE 80211 sysiem o which the prasent invention can
be applied,

Refemng to Fi3, 2, the layar archilecture of the IEEE 802 11 system may include a MAC sublayer 210 and a PHY sublayer 220,

The PHY sublayer 220 may be divided into g Physical Layer Convergence Procedurs {(PLIOP) enlity and a Physical Madium
Blependent (PMD)Y entity. In this case, the PLCP entily serves {o connect the MAC sublayer and the data frame, and the PMD
antity serves {o wircleasly transmit and receive data with two or more 8TAs.

Both the MAC sublayer 210 and the PHY sublayer 220 may include a management entily, respectively, a MAC sublayer
nanagement entily (MLME) and a PHY sublayer management enlity (FLME: Physical Sublayer Management Entily, 240).
These management enlities 230 and 240 provide a laysr management senvice interface through the operation of a laver
management function. The MLME 230 is connected 1o the PLME 240 o perform a management operation of the MAC sublayer
210, and the PLME 240 s aiso connected o the MLME 230 to manage the PFHY sublayer 220, You can perfonm & management
aperation.

inn order o provide accuraie MAC operation, a Slation Management Entity (SME} 250 may exisl in each STA. The BME 250is 8
management entily independent of each iayer, and coliects layer-hased state mformation from the MUME 230 and PLME 248 or
sets values of specific parameters of sach layer. The SME 250 may perform these functions on behalf of general sysiem
management enlities, and may implament standard management prolocols.

The MLME 230, PLME 240, and SME 250 may inleract in varnious ways based on & prirmtive. Specifically, the XX-GET requast
prmitive is used to reguesi the value of 2 management information base attribute (MIB alinbute: Managemant Information Base
atiribute}, and the XX-GEToonfinm prmilive indicates the MIB atiribute value if the sialus B'SUCCESS. Return {relurn),
otherwise, return with an error indication in the status field. The XASET request primitive is usad to request to set the specified
MIB altribule 10 a given value. If the MIB sliribule implies a specific action, this request requasts the execution of that specific
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action. And, if the status of the XX-SET.confirm primitive i'SUCCEST', this means that the designated MIB altribule has been
set o the reguested value, Otherwise, the status feld indicates an ervor condition, If this MIB altnbule means a spesific
operation, this primilive can confinn thal the operalion has been perdormed.

A brief desconption of the operalion in each sublaver is as follows,

The MAC sublayer 210 includes a MAD header and a frame check seguence (FCS) in a MAC service data unit (MSDLH
received from an upper layer {8g, 4n LLC layer) or 4 fragment of an MSDUL : Frame Check Sequence) is allached to create one
or more MAC Protoco! Data Units (MPDUSs). The generated MPDU s deliverad o the PHY sublayer 220,

When an A-MEDU {(aggregated MESDLY scheme 5 used, a plurality of MEDUs may be merged info a single A-MBDU
{aggyregated MEDU). The MEDU merging operation may be pedormed in a higher MAC layer. The A-MEDU is deliverad to the
PHY sublayer 220 as a single MPDU (if { is not fragmenied).

The PHY sublayer 220 adds an additional fisld inchuding information required by the physical layer ransceiver to the physical
service data unil (FSEU) received from the MAGC sublaver 2106, and the physical protocol data unit (PFDLL Physical Protoced).
Bata Unit), The PPDU is iransmitied over a wirgless medium.

PSDU s received from the MAC sublaver 210 by the PHY sublayer 220, and the MPDU is transmitted by the MAC sublayer 210
to the PHY sublayer 220, so the PSDU is substanbially the same as the MPDLL

When an A-MPDU {(aggregated MPDU) schere is used, a plurality of MPDUS (at this time, gach MPDU may camy an A-MSOU.
} Can ba mearged inlo a single A-MPEDU The MPDU merging operation may be performad in the MAC lower fayer. In the A-
MPDU, various types of MPDUs {eg, QoS data, ACK (Acknowiadge), block ACTK {BlockAck), etc) may be merged. The PHY
subtdayer 220 receives the A-MPDU as a single PSDU from the MAC sublayer 210, That is. the PEDU consists of 8 plurality of
MPDUs. Therefora, the A-MPDU s transmittad ihrough a wirgless medium within a single PRPOUL

PPEU (Physical Protocol Data Unity format
PPDU (Fhysical Protocol Data Unit) refers to a dala block generated in the physical layer. Hereinalter, 3 PPDU format will be
described based on the EEE 802 11 WLAN system to which the prasent inveniion can be applied.

3 iBustratas a non-HT format PRPDU and an HY format PPDU in a wireless communication systam to which the presant invantion
can be applsd.

3A fHustrates a non-HT format PRPDU for suppoding an IEEE 802 11a/g system. The nen-HT PPDU may also be referred 0 as a
legacy FRPDUL

Reafaring to Figure 3 (&), the non-HT format PRFDU s L-8TF {(Legacy {or, Non-HT) Short Training fisld), L-LTF {Legacy {or, Non-
HT) Long Training field) and His configured by including & legacy format praamide consisting of a L-SIG {(Legacy {or Non-HT)
SIGNAL] field and a data fieid.

L-S3TF may wnciude a shord traming orthogonal frequency division muiliplexing symbol (OFDM). L-8TF can be used for frame
tiring acguisition, aulomatic gan control {AGQC), diversily delection, and coagrse frequencyfime synchronization, |

The L-LTF may include a long training orthogonal freguency division multiplexing symbol (OFER. L-LTF can be used for fine
freguencyfiime synchronization and channe! astimation,

The L-SIG field may be used to transmil gontrol information for demodulation and decoding of the dats field. The L-SIG fisld
may include information on a data rate and a dala length.

3(b} Hlustrates an HT-mixed format PPDU (HTymixed format PPDU) for suppodting both an [EEE 802,110 system and an IEEE
802 .11a/g system.

38, the HT mixed format PPDLU includes a legacy format praamble consisting of L-STF, L-UTF and L-SiG felds, an HT-SH3 (HT-
Signal field, and an HT-STF (HT Shot). Training field), an HT format preambie consisting of HT Long Training fleld HT-LTF),
and a data field.

Since the L-8TF, L-LTF and L-3iIG fields mean iegacy fields for backward compatibility, the L-8TF fo L-SiG fields are the same
as the non-HT format. L-8TA can interprel data fields through L-LTF, L-UTF and L-SIG figids even when receiving HT  mixed
PROUL However, the L-LTF may further inciude information for channel estimation 1o be performed in order 10 recaive the

HT-8TA HT mixed PPDU and demoduiate the L-SIG field ang  HT-SIG fisid,

The HT-8TA can know that #t is an HT-mixed format PPDU by using the HT-BIG feld following the legacy fieid, and can dacaids
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ihe data field hased on this.

The HT-LTF field can be used for channel estimation for demodulation of the data field. Since IEEE 302 1in supporis Single-
User Mull-input and Multi-Oudpat (SUSMIMO), & plurality of HT-LTF fields may be configurad for channel estimation for each
data fisld transmilted through a pluralily of spalial streams,

The HT-LTF fieid is data usad for channel astimalion for spabiat sireams, data HT-LTF {data HT-LTF), and an extension used
additicnally for full channel sounding, HT-UTF {extension HT-LTF} 1t can be composed of Accordingly, a plurality of  HT-LTFs
may ke equal {o or greater than the number of ransmitied spatial streams.

in the HT-mbed format PPDU, the L-8TF, L-LTF and L-8IG fields are transmitted first in order to oblain data by receiving L-8TA
s well Therealier, the HT-81G field is ransmitted for demodulation and decoding of the dals tranamitiad for the HT-STA.

The HT-SIG field is ransmilted withoul parforming beamforming so that L-8TA and  HT-8TA can reseive the corresponding
PPOU and obtain dala, and the  HTE8TF,  HT-LTF and data fields iransmilied aflerwards are precoding. The wiralass signal
transmission is pedormad through. Here, in order to taka inlo account the part where the power due 1o the precoding is changed
i the receiving STA after precoding. ihe HT-5TF field is fransmitied, and a plurality of HT-LTF and daia fields are ransmitied
thersafier,

(C) of FIG. 3 dlusirades an HT-GF  formal PRDU (HT-greaniiald format PRPDU) for supporting only an IEEE 802.11n system.

Refarning o (o) of FIG. 3, the HT-GF format PRPOU incluges  HYT-GF-8TF,  HT-LTFY,  HT-S8IG felds, a pluralty of  HT-
LTF2 and data fields.

HYT-GF-8TF is used for frame timing acguisition and AGC.
HT-LTH1 is used for channel eslimation.
The HT-SIG Heild is used for demoduiation and decoding of the data field.

HT-LYF2 is used for channel estimation for demodulation of a dala field. Likewiss, since the HT-8TA uses SUMIMO, channel
estimation s required for each of the dala felds transmiited in a pluralty of spalial streams, so0 the HT-LTFZ may be configured
it mudtiple numbers,

A phirabty of  HT-LTF2 can be composed of a plurglity of Data HT-LTFs and a plurality of exdended  HT-UTFs similar to the
HYLYF field of  HT mixeg PPDU

in FIG3. 3A io 3C, the daia field is a pavicad, a service lield, a scrambled PSDU field, a {ail b, and a padding bil. & may
include.

The [EEE 802.11ac WLAN system suppoits downlink multi-user muilipie input multiple ouipui (MU-MIMO) transmission in which
a plurality of 8TAs simultaneously ascess a channel in order 1o efficiently use a radic channel According to the MU-MIMO
fransmission schems, an AP may simultaneousiy transmit 3 packet io one or more STAs with MIMO pairing.

DL MU transmission {deownbnk mult-user transmission) refers {0 a technique in which an AP transmils a PPDU 1o g plurality of
non-AF STAs through the same Hime resource through one or mare antennas.

Herainafier, the MU PPDU refers to a PPDU that camies one or more PBEUs for one or more 8TAs using MU-MIMO technology
or OFDMA technology. in addition, the SU PPDU refers 1o a PRDU that can carry anly one PSDU or has g format in which the
PS8 does not exist,

For MU-MIMO transmission, the size of contrel information transmified to the 8TA may be relatively larger than the size of
802 1n control information. As an example of addiional control information reguired for MUMIMO suppord, information
indicating the number of spatial sirsams recaived by each STA, information relaled to modulation and coding of dala ransmitisd
to each STA, stc, Gan be.

Accordingly, when MU-MIMO {ransmussion is performed {o simultaneously provide daia services 10 a pluralily of $7As, the size
of the transmifted control information may be increased acoonding o the number of receiving STAs.

in grder to efficiently iransmit the moreased size of conirad informalion as describad above, a pluraiity of control information
required for MU-MIMO transmission is required for common conbrol information commaeniy required for all 5TAs and individually
requested for a specific STAL It may be transmitled by dividing into two types of information, which is dedicated control
information.
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4 fflusirates a VHT format PPDU formal of a wireless communication sysiem to which the present invention ¢an be applied,
4 Hlustrates a VHT format PPRU (VHT format PPDU) for supporting the IEEE 802 11ac system.

4, a VHT format PRDU includes a legacy format preamble consisting of L-8TF. L-LTF. and L-SIG fislds, a VHT-SIG-A (VHT-
Sigral-A} fisld, and VHT-8TF (VHT Short Training). fisld), VHT-LTF (VHT Long Training field), and VHT-3[G-8 (VHT-SignalB)
fields, mchuding a VHT format preambie and a data fieid

Since L-8TF, L-LTF, and L-81G refer 1o legacy fields for backward compalibility, the L-8TF 1o L-3IG fields are the sams as the
non-HT formail. However, the L-LTF may fwither include information for channel estimation {0 be performed 1o demedulate the L-
SIG field and the VHT-SIG-A field.

The L-8TF, L-UTF, L-SIG figlds, and VHT-SIG-A fields may be repeatedly fransmified in a 20MHz channel unit, For exampie,
when the PPDU s transmitted through four 20 MHz channels (... 80 MMz bandwidih), the L-8TF, L-LTF, L-SIG fields and VHT-
SIG-A Hisids are transmittad repealediy in every 20 Mtz channel. Can be.

The VHT-STA can know that # s 2 VHT format PPOU using the VHT-3IG-A figld following the legacy field, and can decade the
data fieid based on this.

inthe VHT format PPDU, the L-8TF, L-UTF and L-3IG fields are fransmified first in order to obiain data by receiving the L-8TA
as well Thersafier, the  VHT-SIG-A field is transmitted for demodulation and decoding of data tranamilted for  VHT-BTA.

The VHT-BIG-A field is a field for transmitling control information common (o the AP and MIMO paired VHT 8TAs, and includes
coniral mformation for interpreting the received VHT format PRDUL

The VHT-BIG-A field may include g VHT-SIG-AT field and a VHT-EIG-A2 fisld.

The VHT-SIG-AT field includes channal bandwidth (BW) information {o be used, whether or not Space Time Biock Coding
(STRC) s applisd, group identification information for indicaling a group of 3TAs grouped iIn MU-MIMO { Group 1D: Group
identifier), ihe number of streams used (NGTS: Number of space-time stream) / parial AID {(Pardial AID (asscciation
identification)) information, and iransmit power save forbidden information cgn do. Here, the Group 1D refers fo an identifier
assigned to a ransmission target STA group 1o support MU-MIMO transmission, and may indicale whether the currently used
MIMO fransmission method is MU-MIMO or S8U-MIMO.

Tabie 1 is a table flustrating the VHT-SIG-AT field.
Tabiz 1

The VHT-BIG-A2 field includes information on whether {o use a shori guard interval {Gl}, fonwarnd emor correction (FEC
information, information on g moduiation and coding scheme (MCRS) for a single user, and multiple Information on the type of
channel coding for the user, information related o beamforming, redundancy bits for cyclic redundancy checking (CRC), tall bils
of convolutional decoder, eic. | can.

Tabie 2 is a table illusirating the VHT-SIG-A2 field.

Tabie 2

VHT-8TF is used to improve the performance of AGC astimation in MIMO transmission.

The VHT-LTF is used by the VHT-8TA ic estimate the MIMO channel. Since the VHT WLAN system supports MU-MIMO, the

VHT-LTF can be set as many as the number of spatial streams in which PPOUs are tranamilted. Additionally, when full channel
sounding is supported, the number of VHT-LTFs may increase

The VHT-SH3-B fisld includes dedicated control information necessary for a phurality of MU-MIMO paired VHT-8TAsS {0 acquire
dala by receiving a8 PPDU. Therefore, the VHT-8TA may be designed {o decode the VHT-SIG-B field only when the currently
received PPOU indicates MUMIMOG bransmission in which cormon conbrol information included in the VHT.SIG-A field is
received. . ©On the other hand, when the commen contro! information indicates that ihe currenily received PRDU s for a singie
VHT-8TA (including SU-MIMO}, the 5TA may be designed not fo decode the VHT-GIG-B field,

The VHT-SIG-8 field includes information on modulstion, encoding, and rate-malching of each VHT-8TA. The size of the VHT-
SIG-B field may vary depanding on the fype of MIMO fransmission (MU-MIMO or SU-MIMO) and the channel bandwidth used
for PPDU transmission.

in order to fransmit g PPRDU of the same size o STAs palred with an AP in a system suppoiting MU-MIMO, information
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indicating the bit size of a dala field constituling the PPDU andior indicating 2 bil stream size constituiing a specific field
information may be included in the VHT-SIG-A figid,

However, in order to effectively use the PRPDU format, the L-BIG field may be used. In onder o transmit PPOUs of ihe same size
io all 8TAs, a lengith field and a rale field included in the L-BH3 field and transmitted may be used to provide necessary
information. In this case, singe the MPDU (MAC Protocol Data Unity andior A-MPDU (Aggregste MAC Protocol Data Linity are
set basad on the byle (or ect: octet) of the MAC layer, additional padding is required in the physical layer. May be reguired.

in FIG. 4, a dala field s 3 pavicad and may include g service field, a sorambled PSDU. tai bils, and padding bits.

As described above, since vanous PPDU formatls are mixed and used, the STA must be able {0 distinguish the format of the
raceived FPDUL

Hers, the meaning of classifying the PRPOU {or the meaning of clasaifying the PPDU formal) may have various meanings. For
exampie, the meaning of classiiying PPDOUs may include determining whether the received PRDU is a PPDU capable of
decading (or interpretation) by the 8TA. In addition, separaiing the PRI may mean determining whether the recaived PPOU is
a PPDU that can be supponied by the STA. in addition, the meaning of classifying the PPDU can alse be interpreted as the
meaning of classifying what information s transmitted through the received PPDUL

This will be described in more detail with referance to the drawings balow.

& is a diagram #usirating a constellation for classilying a formal of a PPDU in a wireless communication system to which the
presant invention can be applied.

5A Hustrales the consteliation of an L-SIG field includes in a non-HY format PPOU, and FiG. 88 dlusirales a phase rofation for
detecting an HT mixed format PPDU. And, Figure § () llusirates a phase rolation (phase rofation) for VHT format PRDU
datection.

in order for the STA {o classify non-HT format PPRU, HT-GF  format PPDU, HT mixed format PPDU and VHT format PPDU,
the consteliation of OFDM symbols transmitted after the L-81G feld and the L-SIG field The phase of is used. That is, the STA
may classify the PPDU format based on ihe phase of the consteliation of the OFDM symbol ransmitied afier the L-SIG field
and/or ihe L-BE3 field of the received PPDLL

54, BPSK (Binary Phase Shift Keying) is used as an OFDM symbol constifuting iha L-SHS field.

First, in order to identify the HT-GF format PPDU, when the first SIG field is delecied in the received PPDU, the 8TA
determines whether i is an L-8IG field. That is, the 3TA attempls decoding based on the constellation as in the example of FIG.
54, Hfihe BTA falls to decade, # may be delermined that the corresponding PPOU is an HT-GF formal PPDUL

Next, in order to classily a non-HT format PRPDU, an HY mixed format PPDU, and a VHT formal PRDU, the phase of the
consieliation of the OFDA symbol transmilted afler the L-8IG firld may be used. Thal is, the medulation methed of the OFDM
symbel fransmitied after the L-8IG field may be different, and the 8TA may classily the PPGU format based on the medulation
mathod for the field after the L-8IG fieid of the received PPDUL

Retfarring to FIG. 5B, in order to distinguish the HY mixed format FPDU, the phases of two OFDM symbols transmilted after the
L-SIG field in ihe HT mixed format PROU may be used.

Maore specifically, the phasas of OFDM symbol #1 and OFDM symbol #2 corresponding fo the HT-SIG field ransmitied after the
L-8IG field in the HT mixed format FPDU are rolated by @0 degrees in the counterclockwiss direction. That is, the medulation
method for OFDM symbel #1 and OFDM symbol #2 uses Quadraiure Binary Phase Shift Keying (QBPZK). The QBPSK
consieliation may be a constellation in which the phase is rofated by 90 degrees counierclockwise based on the BRFSK
consteliation.

The STA stiempts io decode the first OFDM symbol and the second QFDM symbol corresponding to the HT-BIG field
transmitted afier the L-Bi3 field of the recaived PPDU based on consiellations as illustrated in FIG. 58 i the STA succesds in
decoding, it determines that the coresponding PPDU s an HT format PRPDLUL

Mext, in order o distinguish between the non-HT format PRPDU and the VHT format PRPDU, the phase of the consteliation of the
QF DM symbol transmitied after the L-SIG field may be usad.

Refering to FiG, 8C, in order o classify a VHT format PPDU, phases of two OF DM symbaels transmitied after an L-SIG field in 2
VHT format PROU may be used.
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Maore specifically, in the VHT format PPDU, the phase of OFDM symbol #1 correspending to the VHT-SIG-A field after the L-SIG
fielkd is not rotated, but ihe phase of OFDM symbol #2 i rotated by 90 degress in the countarciookwise disection. . That is, BPFSK
is used for the modulation method for OFDM symbol #1, and QBPSK is usead for the moduiation maihod for OFDM symbol #2.

The STA attempls o decode the first OFDM symbol and the second OFDM symbol coresponding to the VHT-SIG fieid
transmified after the L-3IG field of the received PPDU based on a constellation as fllustrated in {¢) of FiG. 5 if the 8TA
succeads in decoding, # may determine that the coresponding PRDU is & VHT format PPOUL

On the other hand, i decading fails, the 8TA may determine that the corresponding PPBU IS a8 non-HT format PPDUL

MAC frame format

& Hlusirates a MAC frame format of an IEEE 802 11 sysiem to which the present invention can be applied.

Referring to FiG. 8, a MAC frame {ie, MPDLY) s composed of 2 MAC header, a frame body, and a frame check sequence (FOS).

MAC Header is a Frame Control field, a Duration/iD field, an Address 1 field, an Address 2 field, an Address 3 field, and a
Sequence Control field. Control} field, address 4 {(Address 4) field, QoS condrol (Qo8 Contrel) field, and is defined as an area
inchuding an HT Controi eld.

The Frame Conirol field contains informalion on the characieristics of the cerrasponding MAC frame. A more detailed
description of the Frame Control field will be describad iater

The Duration/lD fisld may be implemented ¢ have different values according 1o the typs and subtype of the corresponding MAD
frame.

if the type and sublype of the corresponding MAC frame is a PS-Poll frame for power save (PS) operation, the Duration/1D field
is an association identifier (AlD) of the STA that transmitted the frame. | may be set fo include. In other cases, the DurationiD
field may be sel to have a specific duraiion value according to the iype and subtype of the corrssponding MAC frame. In
addition, when tha frame is an MPDU included in an aggregate-MPDU (A-MPDU) format, the Duration/iD fields included in the
MAC header may all be set {0 have the same value,

The Address 1 {o Address 4 fields include 2 BESID, a source address (SA), g destination address (D4}, a fransmitling addrass
indicating & ransmitling 8TA address (TA: Tranamilling Addrass), and 8 receiving address indicaling a receiving STA address
RA: Recaiving Address).

Meanwhile, the address field mmplemented as ine TA field may be sai as a bandwidth signaling TA (TA) value, and in this case,
the TA field may indicale thal the comesponding MAC frame coniains additiong! information in the scrambling seguence,
Bandwidgth signaling TA may be expressad as the MAC address of the 87A tranamitting the comesponding MAC frame, bul the
individualfgroup Bl includad in the MAC address is set 10 g speaiiic value {eqg, "1'). toan,

The Seqguence Controf field is set to include a sequence number and a fragmeni number. The sequence number may indicate 3
seguence number allocated to a corresponding MAD frame. The fragment number may indicate the number of each fragment of
the comresponding MAC frame.

The Qal Control field coniains information related 1o Qe8. The Qo8 Control field may be included when indicaiing a QoS data
frame in a sublype subfield

The HT Control field includes control information related to HT andior VHT fransmussionfreception technigues. The HT Control
field is included in the Control Wrapper frame. in addition, it exists in a QoS data frame and & managemeni frame in which the
valg of the Order sublield is 1.

Tre frame body s defined as a MAC paylead, and the dala io be ransmitled from ine upper layer s iocatad, and has a variabie
size. For example, the maximum MPDU size may be 11454 oclels, and the maximum PPDU size may be § 484 ms.

FOS s defined as a MAC footer, and s used By error detection of MAC frames,

The first three fields (Frame Control field, Duration/iD field, and Address 1 field) and the last fiseld (FCE field) constituie the
rrnimum frame formal and are present in all frames. Cther fields can exdst only in 4 specific frame type.

7 i3 a diagram iusirgting a frame conirgl field in a MAC frame in a wireless communication system 1o which the present
invention can be appliied.

Refering to FiG. 7, the Frame Control field is a Prolocol Version subfisld, a Type subfield, a Subtype subfield, a8 To D8 subfisid,
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a From DS subfield, and zn addiional fragment (More Fragmenis). T consists of a subfield, a Retlry subfisid, a8 Power
Management subfield, 3 More Data subfield, 8 Protecied Frame subfield, and an Oder subfiald,

The Protocol Version sublield may indicats the version of the WLAN profocol applied to the corresponding MAC frame.

The Type sublisld and the Subtype subilield may be sel {o indicale information identifying the function of the comresponding MAC
frame.

The MAC rame type may includs three frame types: a management frame, a control frame, and a data frame.
And, sach frame lype can be further divided inlo sublypes.

For exampie, conlrol frameas are RTS {reguest to send)} frames, T8 {clearto-send) rames, ACK {(Acknowiedgment} framas,
F3-Poll frames, CF (contention free)-End frames, ang OF -End+OF-ACGK frame, Biock Acknowledgmeni request (BAR) frame,
Block Acknowledgment (BA) frame, Contrel Wrapper (ControltHToontrol) frame, VHT null data packet notification (NDPA) © Null
Bata Packet Anncuncement), Beamifonming Report Foll (Bearnforming Repaort Poll frame may be included.

Management frames include & beacon frame, an announcement traffic indication message {(ATIM) frame, a disassociation
frame, an association requestiresponss frame, a reassociation regquestiresponse Response) frame, Probe Reguest/Responsa
frame, Authentication frame, Deauthentication frame, Action frame, Action No ACK frame, Timing Adverisement f may include
a frame.

The To D8 subfield and the From DS subfield may include information necessary 1o interprel the Address 1 field to the Address
£ field included in the corrasponging MAC frame header. in the case of 2 conlrod frame, both the To DS subfieid and the From
1S subfield are set 10D, In the case of 8 management frame, ihe To DS subfield and the From DS subfiels are setio "1 ancg '
it order if the correspending frame i5 2 Go8 management frame (GMF}, and if the frame is not QMF, Both can be sel to ' and
i

The More Fragmenis subfield may indicate whether a fragment to be transmitted foliowing the corresponding MAC frame axists,
ifthere is another fragment of the current MSDU or MMPDU, # may be set o "1, olherwise it may be set o '0.

The Rebry subfield may indicate whether a corresponding MAC frame is based on relransmission of a previous MAC frame. In
case of relransrnission of the previcus MAC frame, § may be sel fo'?, oihenwise it may be setto 'T.

The Power Management subfield may indicate the power managemeni mode of the 8TA. i the value of the Power Managemeni
subfisle is 1, it may indicate that the 8TA switches 1o the power save miode.

The More Data subfield may indicate whether there i5 an addifional MAC frame fo be transmitied, If there is an addifional MAC
frame to ke transmitted, it may be set 1o "1, otherwise it may be sat o 00

The Protected Frame subfield may indicate whether the frame body field is encrypted. When the Frame Body field includes
information processed by an encrypled encapsuiation algorithm, it may be selto 'V, otherwise it may be setio ‘0.

information included in each of the fields described above may foliow the definition of the |EEE 802 11 system. In addilion, each
of ihe helds described above corresponds 10 an exampis of fields that may be included in the MAC frams, and is nol milsd
thereto. That is, sach fisld described above may be replaced with another field or adaitional fields may be further included, and
all fields may not be necassanly included,

hMeadia acoess mechanism

Since the comynunication in IEEE 80211 & performed in g shared wireless medium, § has fundamentially different
characteristics from a wired channel envirgnment.

in a wired channal emvironmeant, cormmunication i3 possible based on camisr sense muitiple access/coilision dalection
(COMALD). For example, once a signal is iransmitied from the transmiiting end, the channel environmant does not change
significantly, 50 the transmission s perdormed withoul experiencing a large signal altenuation (o the receiving end. Al this time,
when two or more signals collide, deleclion was possible. This is because the power sensed by the recsiving end s
instantaneousiy greaier than the power transmiitted by the ransmitting end. However, in the wireless channel environment, since
vangous factors {8 .g., signal atlenuation is large depending on distance or nsianianecus deep fading) afiect the channel, the
signal is aclually transmifted properly al the receiving end. Whether or not a collision has ocourred, the fransmitier cannot
acouraiely parform camier Sensing.

Accordingly, in a WLAN system according to IEEE 802,11, a8 CBMA/CA (Carrier Sense Mulliple Access with Collision Avoidance)
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mechanism was infroduced as a basic access mechanism for MAD. The CAMA/CA mechanism is also calied the Distributed
Coordination Function (DCF) of IEEE 802,11 MAC, and basically employs & "listen before {alk” acoess machanism. According o
this type of access mechanism, prior to staging transmission, the AP and/or 8TA senses a radio channe! or medium during a
predetermined time period {eg, DOF inter-Frame Space (DIFS). CCA Clegr Channel Assessment) for sensing) is performed.
As a result of sensing, I ft is determined that the medium 15 i an idle state, frame transmission is staried through the
corrasponding medium. On the other hand, if the medium is delected as ocoupiad siatus, the AP and/or S8TA does not stad its
own ransmission, and assumung that several STAs are already walling to use the medium, addiional media io DIFS After
walting more for a delay time for access (g, a randem backof period), it is pessible to attempt to fransmit the frame

By applying a random backeff period, assuming thal there are mulliple STAs for ranamitiing a frame, muliiple STAs will have
different backofl period values probabilistically, so i s axpecied that they will wall for different imes before afiempling frame
tranamission. | Collision can be minimized,

i addition, the IZEE 80211 MAC protocol provides HOF (Hylwid Coordination Function). HCF is based on the DOF and the
FPoint Coordination Function (PCF). The PCF is & polling-based synchronous acsess method and refers to a method of
pericdically polling so that all receving APs and/or STAS can receive data frames. In addition, HOF has Enhanced Distributed
Channel Accass (EDCA} and HCF Controfiad Channel Access {(HCCA). EDCA s a contention-based access methed for &
provider {o provide data frames {o mulliple users, and HCOCA 18 a conlenlion-iree channel access method using 2 polling
mechanism. In addition, the HCF inciudes a medium access mechanism for improving the quality of service (Qo8) of WLAN,
and can transmit (o8 data in both a contention period {CF) and a contention frae panod (CFP)

& i5 a diagram for expigining 2 random backed period and a frame transmission procedure in a wirgless communication sysiem
e which the present invention can be applied.

When a specific medium is changed from an occupied {occupy or busy) stale fo an idie state, several 3TAs may altempt o
transmit data {or frames). Al ihis time, as a method for minimizing coliision, the STAs may sach select a random backeli countd
andg wail for a corresponding slol iime before aitempting transmission. The random backoff count has a pseudo-random integer
valig, and may be determined as one of valuas uniformly distributed in a range from ¢ 10 a confention window (OW). Here, OW
is a contention window parameter vaiue, Aithcugh CWmin is given as an inifial vaiue of e CW parameter, it may take a doubie
valus when transmission fails {eg, when an ACK for a lransmitled frame s nol received). YWhen the CW parameter valus
becomes CWmax, data fransmission can be attempled while maintaining the CWmax value unbi data transmission is
successiul, and when data transmission is successful, the data transmission is reset fo the CWmin value. The values for CW,
CWinin and CWmax are 2<n>-1 (n=0, 1, 2, ..} Is preferably set

When the random backoff process stats, the STA counts down the backo# siol according to the determined backof count value,
and continuously monitors the medium during the countdown. When the media s monitered as ocoupied, ihe countdown stops
and wails, and when the meadia becomes idie, the counidown resumsas.

in the example of FIG, 3, when a pachei fo be transmitted io the MAC of STA 3 arrives, STA 3 may confirm that the medium is in
an idle state a5 much as DIFS and immediately ransmit the frame.

Meanwhile, the remaining STAs monilor and wail for the medium 10 be in a busy state. In the mesantime, data 1o be fansmitted
may also occur in gach of 3TA 1, 8TA £, and 8TA 5, and each STA wails for DIFS when the medium is montored in an idie
siale, and than backelf siols according io a random backolf count valuas selected by each STA. Couni dowi.

in e example of FIG. 8, 8TA £ seledts the smallest backoi cound value and STA 1 selecls the largest backeff count value, Thai
is, when STA Z finishes the hackoff count and slars frame iransmission, the remaming backeff time of STA 5 is shorter than the
remaining backoff time of 8TA 1,

STA 1 and 57TA 5 stop counting down and wait while STA 2 oocupies the medium. When the medium ocoupancy of 8TA 2 ends
and the medium becomes idle again, STA 1 and 3TA 5 wait for DIFS and then resume the stopped backoff cound. That is, frame
transmission can be started after counting down the remaining dackoff siots for the remaining backoll ime. Since the remaining
backolf time of $TA 5 is shorler than that of 8TA 1, frame transmission of 8TA & staris.

Meanwhile, while 87TA 2 ccouples the medium, dala to be tranamitted may also occur in 3TA 4. Al this time, the STA 4 walls for
as much as DIFS when the medium becomaes idle, and then counts down a backoff slot aceording to a random backoff count
value selectad by the 8TA 4,

in the example of FIG. &, a case in which the remaining backofi ime of 8TA § coincidentally coincides with 3 random backoff
count vaiue of STA 4, and in this case, a coliision may oocur belween STA 4 and STA 5. When a collision ooours, bolh 8TA 4
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and S8TA 5 do not receive an ACK, and thus data transmission faila, In this case, §TA 4 and STA § seiect 3 random backeff
count value after doubling the CW value and perform countdown of the backeff slot,

Meanwhie, STA 1 may wail whils the madium s occupied due 10 transmission of 8TA 4 and STA §, walt for DIFS when the
medium becomes idle, and then siar frame iransmission when the remaining backolf ime slapses.

The CSMA/CA mechanism includes virlual camier sensing in addition to physical carrier sensing in which the AP andior STA
directly senses the medium.

Virtual carrier sensing s intended to compensate for probiams that may occur in media access such as a hidden node problem.
Feor virtual carrier sensing, the MAC of the WLAN system uses a Network Allocation Vector (NAVY. The NAV is a value indicating
to other APs andfor 3TAs the time remaining unill the medium becomes available 10 the AP andfor 8TA that is currently using or
is authorized to use the medium. Therafore, the value set as NAV corresponds 10 a peried in which the medium is scheduled {0
be used by the AP and/or STA transmilting the corresponding frame.

The AP and/or 8TA may parform a procedure of exchanging 4 request {o send {(RTS) frame and a cigar {o send (CT8) frame in
order fo inform that they want 1o access the medivm. The RTS frame and CTS frame inciude informalion indicaling a fime period
irt which a radio medium required for transmission and recaption of an ACK frame is reserved for acoess when a substantial
data frame ransmission and acknowledgment {ACK) are supported. The other 87A thal has received the RTS frams transmiited
from the AP and/or the STA 1o which ihe frame is o be transmilied or the CTS frams transmitied from the frame fransmission
farget STA during the time period indicated by the information included in the RTS/CTE frame # can be configured not o aceass
the medivm. This can be implementad by selting ihe NAV during the lime period.

interframe space

The ime inlerval hetween frames is defined as an interirame space (IF8). The 8TA may delermine whether the channal is used
guring the IFS lime penod through carrier sensing. 862,11 In a WLAN systam, a plurality of iIFSs are defined 10 provides a priority
level for cocupying a wireless medium.

Y i5 a diggram illustrating an IFS reiglionship in a wirgless communication system {0 which the present invention can be applied.

Al timings may be delerminad with reference (o the ghysical layer interface primitive, that is, the PHY-TXKEND confirm primitiva,
the PHYTXSTART confirm primitive, the PHY-RXSTAR Tindication primitive, and the PHY-RXEND indicalion primitive.

rame intervals according to IFS fypes are as follows.
a} Reduced interframe space (RIFS)
by shord interframe space (8IFS)
¢} PCF frame interval (FIFS: PCF interframe space)
3 DCF frame interval (DIFS: DOF interframe space)
&) arhifration interframe space (AIFS)
f) Extended interframe space (EIFS)

Bhfferent IFSs are determined from an atiribute specified by the physical layer regardless of the bif rate of the STA. IFS timing is
definad as the fime gap on the medium. IFS tming except AIFS is fixed for each physical layer

SIFS is a3 PPDU Including an ACK frame. 8 CT8 frame, g block ACK request (BlockAckReq) frame or a8 block ACK (Blockack)
frame that is an immediate rasponse 1o an A-MPDU, a second or consecutive MPDGU of a fragmant burst, PCF | 5 used for
transmission of the STA's response fo polling by and has the highest priority, SIFS can also be used for point coordinator of
frames regardiess of the type of frame during the contention-free period (CFP) time. SIFS represents the time from the end of
the last symbol of the previous frame or the signal extension (f any) 1o the star of the first symbol of the preambie of ihe nexd
frame.

SIFS iiming is achisved when lransmission of conseacutive rames begins at the Tx8IFS slot boundary,

SIS s the shorlest among RS between transmissions from differant 8TAs, i can be used when the STA ooccupying the medium
needs io maintain the ocoupation of the medium during the period in which ihe frame exchange sequance is performad,

By using the smaliesi gap between transmissions in the frame exchange sequence, it 15 possible to prevent other STAs who are
required to wait for the medium to become idle for a longer gap from attempting to use the medium, Accordingly, prionity can be
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given when the ongoing frame exchange sequencs is completad.

PIFS is used to gain priority to access media.

PIFS can be used in the following cases.

~-3TA operating under PCF

-STA that ransmits & Channel Swilch Announcement frame

-STA that transmiis a Traffic indication Map (TiM; frame

-Hyhrid Coordinator (HQ) indigting CFP or Transmission Oppordunity (TXOP)

~HG or non-AP Qol STA that is a polied TXOP holder for recovering from the absence of expected reception in the CAP
{controiled acoess phasa)

-HT STA using dual CTS protection before transmission of £T32

-TAOP holder for condinuous transmission afler ransmission failure

-RD {reverse direction) initiator for continuous fransmission using emor recovery

-HT AP during the PEMP sequence fransmitling a power save multi-poll (PSMP) recovery frame

-HT 8TA performing CCA In secondary channel before transmitling 40MHz mask PPDU using EDCA channel ascess

Ameng the examples listed above, except for the case of perferming CCA i a secondary channel, the BTA using PiFS sians
fransmission after the C8 {carier sanse) mechanism that determines that the madium is idle at the TaPIFS siot boundary,

DIFS may be used by an STA operating to fansmil a data frame (MPDU) and a management frame (MMPDU: MAC
Management Prolocol Dala Unil) under DCF. The STA using the DCF may transmit at the TxBIFS slsi boundary when i is
determined that the meadium s idle hrough & camrier sense (C8) mechanism afier the cormrectly received frame and backoff time
expire. Here, the comrectly received frame refers 10 a frame in which the PHY-RXEND indication primitive does not indicate an
errorn, and the FOS indicates that the frame is not ervor free,

SIFS ime ('aSIFETima") and slot time (aSlniTime’} may be determined for each physical layer. The SIFS time has a fixed valug,
but the slot time can be dynamically changed according o a change in the radin deilay time (aAirPropagationtime).

‘aSiFSTima' s defined as in Eguations 1 and Z below.
Equation 1

Equalion 2

‘aSiniTime’ is defined as in Egquation 3 below,
Equation 3

in Eguation 3, the default physical layer parameter is based on'aMACProcessingDelay' having a vaiue sgual 1o or less than 1
us. Radio waves are spread at 300mfus in free space. For example, 3 us may be the upper limil of the BE8S maximum one-way
distance of ~450m (round trip is ~800m).

PHE and DIFS ave defined as in Equations 4 and 5 below, respectively.
Equation 4
Eqguation &

in Equations 1 to 5 above, the numerical values in parenthesas exemplify general values, but the values may vary for each 87A
or for each 87A location.

The SIFS, PIFS, and DIFS described above are measured based on the MAC siot boundary {TxSIFS, TxFIFS, TxDIFS) different
from the medium.

Each MAC siof boundary for SiFS, PIFE, and DIFS is defined a5 in Eguations 6 10 8 below,

Equation 8
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Equation 7
Equation &
Channei State information Faedback Method

The SU-MIMO fechnology, in which a beamiformer aliocstes all antennas 1o one beamiformes for communication, increasas
channel capacily through diversity gain and stream multiplex transmission using space-time. . The SLEMIMO technology can
condributs to improving the performance of the physical fgyer by increasing the number of anlennas compared {o when the
MIRC technology is not applisg,

in adddion, the MU-MIRAD fechnology in which the Beamiormer allocales antennas to a pluraiily of Beamformess, through a link
layer protocol for multiple access of g plurglity of Beamiormees connecled fo the Beamiormer, increases the transmission rale
per Beamformee or increases the reliability of the channel Can improve performance,

in a8 MIMO environment, since how accurately the Beamformer knows channel information can have a great influence on
parformance, a ieedback procedure oy oblaining channel information is required.

Twao types of feedback procedures for oblaining channel information can be supporied. One is a2 maeihod using a conbrol frame,
and the other s a method using a channel sounding procedure hat does not inciude a dala field. Scunding refers fo using a
corresponding training fiold o measure a channel for purposes other than data demodulation of a PPDU ingluding a preambile
training field.

Herainafier, a channel information feedback method using a8 control frame and a channad information feedbask method using a
null data packet (NP} will be described i more detall

4

Feedback meihod using control frame

in a MIMO environment, Beamformer may indicate feedback of channet state information through an HT control field included in
the MAC header, or Beamiormee may report channel staie information through an HT conirol field included in the MAC frame
header.

The HT control fisld may be included in 3 Conlral Wrapper frame, a Qo8 Data rame, or 8 management frame i which the
Order subfield of the MAT headeris setio 1.

10 #ustrates a VHT format of an HY Controd field in 2 wireless communication system {o which the prasent invention can be
applied,

Refamng to FHZ. 10, the HT Conbrol fleld includes a VHT subbield, ap HT Control Middiz subfisld, an AC Consiraint subfield, and
a reverse direction grant (RDG) additional PPDU (More PPDU;}. It can be composead of subfields.

The WHT subfield indicates whether the HT Control fisld has the format of the HT Control field for VHT or the format of the BT
Control field for HT. in FIG. 10, an HT Controd fisld for VHT 8 assumed. The HT Contred field for VHT may be referred 1o a5 8
VHT Conirol fielg.

The HT Control Middle sublield may be implemenied to have a difierent format according o the instruction of the VHY subfieid.
A more detailed description of the HY Control Middie subfisld will be described laler,

The AC Constraint subfisld indinates whather or not the mapped AC (Access Calegory) of a revarsa direction (RD) data frame is
fimited to a singie AC.

The RDG/More PPEU subfield may be interpreted differently depending on whether the corresponding fleld is transmiited by an
R indliator or an RO rasponder,

When transmitied by the RD initiator, the RBGAlore PPDU field is sel o 'V when there is an RDG, and is setto 0 when there is
no RDG. When transmitted by the RD responder, if the PPDOU including the corresponding subfisld is the last rame transmilted

by the RD responder, # is set to 'l and i ancther PPDU is ransmittad, itis set o "¢

HT Controt Middle subfiekd Is a reserved bif, MUS feedback request (MRGQ: Modulation and Ceding Scheme) feedback requast
(MRQ) subfield, MRQ sequence identifier (MSh MRQ Seguence identifier) / space-lime block coding (STEC: space -Hime bluck
coding) subfield, MCES feedback sequence identifier (MFSH/group 1D least significant bit (GID-L: Leasi Significant S (LSE) of
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Group D) subfield, MCE feedback (MFE: MCE Feedback; } Subfield, group D maost significant bit (GID-H: MEB (Most
Significant Bify of Group D) subfield, coding type subfield, feedback transmission type {(FB Tx Type: Feedback Transmission
type) subfisld, and li may be camposed of a veluntary unsoliciied MFB (MFEB) subfield.

Tabie 2 shows a descrption of each subfield includad in the HY Conirol Middie subfieid of the VHT formal.
Tabie 3

in addition, the MFB subbeld i3 a VHT number of space time streams (NUM_STS) subfield, a VHT-MCS subiield, a bandwicth
(DY Bandwidth) subfield, and a signal io noise ratio (SNR). May include subfields.

The NUM _STS sublield indicates the number of recommended spalial sireams. The VHT-MCS subfisid indicates the
regommended MCS. The BW subfield indicates bandwidih information related o the recommendsad MCS. The SNR subfisid
indicaies an average SNRE value on a data subcarrer and a spalial stream,

information included in each of the fislds desoribed above may follow the defintion of the [EEE 802 11 aystem. In addition, sach
of the fields described above corresponds o an exampie of fislds that may be included in the MAC frame, and is not fimited

thereio, That is, each field descnbed above may be replaced with another field or additional fieids may be further included, and
all fields may not be necessarily included,

£}

Feedback method using channeil sounding
11 is g dimgram conceplually showing 4 channel sounding methad in g wireless communication system to which the present
invention can be applied.

11 illustrates a method of feeding back channel stale information betwaen a Beamiormer {eg, an AF) and a Beamiformee (eg, a
non-AR STA) based on a sounding protocol.

The sgunding protocsl may refer io a procedure for receiving feedback on channel state information,

A method of sounding channel stale information belween Beamformer and Beamiormes based on a sounding prolocel may be
parformed in the following steps.

(1) Beamiormer ransmits @ VHT Mull Data Packet Announcement (VHT NDPA; frame indicating sounding transmission for
Beamformee feedback.

The VHT NDPA frame refers to 3 control frame used to inform that channel sounding is staded and that a null data packet (NDF)
is to be transmilied. In ether words, by ransmutling the VHT NDPA frame belore transmitting the NDP, Beamformes can prepare
1o fead back channsai siate information before recaiving the NDP frame.

The VHT NOPA frame may include AlD {association identifier) information and feedback type information of DBeamiormee to
transmit NDP A miore delailed description of the VHT NDPA frame will he described iater,

The VHT NDPA frame may be {ransmifted in different fransmission schemes when data is fransmitied using MU-MIMO and
when dala is transmitted using SU-MIMO. For example, when channel sounding for MU-MIMO is performead, a VHT NDPA frame
is ransmitied in 3 broadeast method, but when channe! sounding for SU-MIMO s performed, a VHT NOPA frame is sent to one
target 8TA. Can be fransmitied in a unicast manner,

{2} Beamformer transmits ihe VHT NDPA frame and then transmits the NOP afler SiFS fime. NDP has a struclure of  VHT
PPDOU excluding data felds.

Beamformeses that have received the VHT NDPA frame can check ihe AlD12 subfield value included in the STA information field
and check whaiher they are ihe sounding target 8TA

in addition, Beamformeas can know the order of feedback through the order of the 3TA Info field included in the NDPA. In FIG.
11, a8 case in which ihe order of feedback is performed in the order of Beamiormee 1, Beamivmmee 2, and Beamformes 3 s
Husirated,

{3}

Beamformee 1 acquires downlink charne! state information based on a fraining field included in NDP, and generates feedhack
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information o be transmifted 1o Beamformer,

Beamformes 1 transmils a VHT compressed beamforming frame including feedback information 1o Beamformer after SiFS affer
receiving ihe NDP frame.

The VHT Compressed Beamiorming frame may include an SNR value for a space-time stream, informnation on a compressed
beamferming feedback matix for a subcarrer, and the like.

A mnore delailed description of the VHT Compressed Beamforming frame will be described iater,

#)

After raceiving the VHT Compressed Beamforming frame from Beamformee 1, Beamiormer transmits & Beamiorming Report
Poil frame 1o Beamiormee 2 1o ebiain channel information from Beamformes 2 afier BIFS,

The Beamforming Report Poli frame 5 g frame that performs the same mole as the NDP frame, and Beamformee 2 may
measure a channel slale based on the ransmitted Beamforming Report Poll frame.

A more detailed descrplion of the beamforming report podl frame frame will be described laler

{8}

Baamformae Z receiving the Beamforming Hepot Poll frame transmils a VHT Compressed Beamiomming frame including
feagback information {o Beamformer alter SiFS.

{8}

After receiving the VHT Compressed Beamforming frame from Beamformee 2, Beamiformer transmiis & Beamiorming Report
Poll frame to Beamformes 3 to obiain channel information from Beamiformee 3 after SIFS.

7}

Beamformee 3 receiving the Beamforming Report Poll frame transmits a VHT Compressed Beamionming frame including
feegback information o Beamiformar aiter SIFS.

Hereinalier, a frame used in the aforemeniioned channel sounding procadure will be desaribed,

12 15 a diagram iliustrating a VHT NDPA frame in a2 wireless communication system to which ihe present wnvention can be
applied,

12, the VHT NDPA frame includes a frame control field, a duration field, a receiving address (RA) field, a transmifting addrass
(TA) field, a8 sounding dialog tokern field, and l may be composed of a 8TA Info 1 field. an STA Infe n field, and an FCS.

The RA figld value represents a receiver address or an STA address for receiving a VHT NDPA frame.

When the VHT NDPA frame includes one STA info field, the RA field value has the address of the 8TA identified by the AlD in
the STA info fieid,

For example, when transmitting 3 VHT NDPA frame {o one targst 8TA for SU-MIMO channel sounding, the AP transmits the
VHT NEHPA frame to the targel 8TA In unicast.

Cn the other hand, when the VHT NDPA frame includes one or more 8TA Info fislds, the RA fislg value has a broadoasi
address

For example, when transmitting a VHT NDPA frame 10 at least one fargel STA for MU-MIMC channel sounding, the AP
broadeasts the VHT NDPA frame.

The TA fieid vaiue indicates g transmiller address for fransmitiing a VHT NDPA frame, an address of a fransritiing STA, or 3
bandwidgth signaling TA.

The Scunding Dialog Token field may aiso be referred o 45 a sounding seguense field,

The Scunding Dialog Token Number subfield in the Sounding Dialeg Token field containg a value selected by Beamiormer {o
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identify the VHT NDPA frame.
The VHT NDPA frame includes at least one STA Info fieid,

That i, the VHT NDPA frame includes an STA Info field including information on g sounding target 8TA. One STA Info fisld may
be included for each scunding target 3TA,

Each STA info field may include an AID1Z subfield, 3 feedback type subfield, and an No index subfisld,
Tabie 4 shows subiields of the 874 Info field ncluded in the VHT NDPA frame.
Tabic 4

information included in each of the fields desoribed above may follow the defintion of the [EEE 802 11 aystem. In addition, sach
of ihe finids descnbed above corresponds {0 an exampls of fields that may be included in the MAC frame, and may be replaced
with other fislds or additionat fields may be furihar included,

13 is a diggram iHustrating an NOP PPIN in & wireless communication system to which the present invention can be appiied.

Referring 1o FiG. 13, the NDP may have a formal in which a data field is omitied from the VHT BPOU format as shown in FiG. 4
ahove. The NDP may be precoded based on a specific precoding matrix and fransmilied o a sounding targel STA,

in the L-SH3 field of the NDP, the length field indicating the PSDU length included in the data field is sel o 0"

in the VHT-SIG-A field of NDP. the Group I field indicating whether the transmission scheme used for NDF transmission is MU-
MIMO or SU-MIMO is set to a value indicating SU-MIMO transmission.

The data bils of the VHT-SIG-B field of the NDP are sei as a fixed bit patiern for each bandwidth,

When the sounding larget STA receives the NDPF, it estimates a channel based on the  VHT-UTF field of the NDP and obtains
channet siale nformation.

14 is g diagram dlustrating 8 VHT compressed peamforming frame formal in a wireless comynunication system io which the
presant invention can be apphed.

Referring 1o FIG. 14, & VHT compressed beamforming framea s a VHT aclion frame for supporiing a VHT funclion, and includes

an Action field in & frame body. The Action field is included in the Frame Sody of the MAC frame and provides a mechanism for
specifving exdended managemeant actions.

The Action field i85 a Category field, VHT Action fieid, VHT MIMO Control field, VHT Compressed Beamforming Report field, and
S Exciusive Beamforming Repord. Repodd) fisid.

The Category field is set to 3 value indicaling a VHT category (ie. & VHT Aclion rame), and the VHT Aclion fisld is set to a value
indicating a VHT Compressed Beamforming frame.

The VHT MIMO Control field is usad to feed back conirol information related {0 heamforming feadback. The VHT MIMOC Control
field can always be presentin a VHT Compressed Beamforming frame,

The VHT Compressed Beamforming Repori field is used to fead back information on a beamiorming meindc including SNR
information on a space-time siream used {0 transmil data.

The MU Exclusive Beamforming Repod field is used to feed hack SNR information for a spatial stream when MU-MIMG
transmission is performad.

The presence and content of the VHYT Comprassad Beamforming Report field and the MU Exclusive Beamforming Repord field
include the Feedback Type subfield, Hemaming Feedback Segmenis subfield, and the first feadback segment of the VHT MIMO
Control field. Feedback Segment} may be determined according o the value of the subfield.

Herginafter, the VHT MIMO Control field, the VHT Compressed Beamforming Repor field, and the MU Exclusive Beamiforming
Raport field will be described in mose detail,

13 The VHT MIMO Conirol field is an No index subfield, My Index subfield, Channel Width subfield, Grouping subfisld, Codebook
information subfield, and ieadback typa. (Feadback Type) subfield, Remaining Fesdback Segmeants sublield, First Feedback
Sagment subfield, reserved subfield, and Sounding Dialeg Token Number sublield. is compossd.

Tabiz 5 shows the subiields of the VHT MIMO Coniroi fisld.
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Tabie &

When the VHT Compressed Beamiorming frame does not convey all or par of the VHT Compressed Beamforming Repor field,
the M index sublield, Channel Width subfisld, Grouping subfield, Codebook Information sublield, Feedback Type sublisid, and
Sounding Dalog Token Number subfield is set as a spare field, the First Feadback Segment subfield is sel to 0, and the
Remaining Feedback Segments subfield is sei to '7,

The Sounding Dialog Token Number subfield may be referred 10 as a Sounding Seguence Number subfield.

2y The VHT compressed bheamforming repord field represents exphcit feedback information representing the compressed
beamforming feedback malnixdV' used by the fransmission Beamformer o delermine the sieering matriX'Q' in the form of an
angle. IUis usad o convay,

Tabie 68 shows subfiplds of the VHT compressad heamforming report field.
Tabie &

Referring to Table 8, the VHT compressed beamiforming report field may include an average SNR for each space-time siream
and a compressed beamforming fzedback matriV for each subcaurier. The compressed heamforming feedback matrik is a
matrix including information on channel condiffons and is used to caloulate a chanpel matrix {ie, a slesring maix "Q7% in a
transmission method using MIMO.

scidx{y means 4 subcarmian in which the Compressed Beamforming Feedback Malrx subfield is transmitted. Na is fixed by the
valus of Nr x Ne {e.g., i Nr 2 No =2 x 1, 11, W21, ...}

Ns denotes the number of subcarriers through which the compressed beamforming feadback malrix i3 fransmitied o the
Beamiormer, Beamformee can reduce the number of Ns through which the compressed bearnfonmng fesedback malrix is
transmitted using a grouping methed. For example, it is possibiz o reduce the number of compressed Deamforming feedback
matrices fed back by grouping a plurality of subcarders into a group and fransmilling 2 compressed heamforming feedback
matiix for each group. Ns may be calculated from the Channel Widih subfield and the Grouping subfisld included in the VHT
MIMO Controf field.

Tabis 7 exemplifies an average SNR of Space-Time (SNR) Siream subfield of 2 space-time stream.

Tabie 7

Feferring lo Tabie 7, the average SNR for each spatic-temporal siream s calculated by calculating an average SRR value for all
subcarriers included in the channel and mapping the value 10 8 range of -128 to +128.

3} The MU Exclusive Beamforming Report field is used io deliver explicht feadback information exprassed in the form of delfa (&)
SR, information in the VHT Compressed Beamforming Report field and the MU Exclusive Beamforming Repost field may be
ussd by the MU Beamirmer fo delerming a sleering malaix'@’.

Tabie 8 shows subfields of the MU Exclusive Beamfonming Repor field included in the VHT compraessad beamforming frame.
Tabie &

Referring to Table 8, in the MU Exclusive Beamforming Report fleld, SNR per space-time stream may be included for each
sulicarrier.

Each Delia SNR sublieild has a vaiue in inoraments of 1d8 belween -8dB and 7diE.

scigx{} refers o the subcarrier(s) ihrough which the Della SNR subfisld is transmitied, and Ns refers o the number of
subcarrers through which the Deifa SNR subfield is transmitted to the Beamformer

18 is a gisgram exempiifying a baamicrming repod poll frame format in a wireless communication system to which the present
imvention can be applied.

Referming 1o FIG. 15, the Beamforming Repon Poll frame includes 2 Frame Control field, a Duralion field, a Receiving Address
(RA} field, 8 Transmilting Address (TA) field, and a Feedback Segment Retransmission Bilmag. § Field and FCS.

The RA field value represents the address of an intended recipient.

The TA field value represents the address of the STA franamilting the Beamiformming Report Poll frame or the bandwidth signaling
the TA.
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The Feadback Segment Retransmission Bitmap field indicates g feedback segment requesied in 2 VHT Compressed
Beamforming report

if the bt of position n in the Feedback Segment Relransmission Bitmap field value i "1 {(n=0 for LBH, n=7 for MBE), the value
corresgonding to n in the Femaining Feedback Sagments subfield in the VHT MIMO Control field of the VHT compressed
beamforming framea. A feedback segment is requested. On the other hand, if the bit of position r i5 ', a feedback segment
carresponding 1o n in the Remaining Feedback Segmenis subfield in the VHT MIMO Control field is not reguesied,

Groug D

Since the VHT WLAN system supporis the MUMIMO transmission method for higher throughoul, the AP may simullanesusly
trarsmit a data frame 1o al last one MIMO paired STA. The AP may simulfancously transmit data fo an STA group including al
least one or more STAS among a pluralily of STAs associated with £, For example, the number of paired 8TAs may be up fo 4,
and when the maximum number of spatial streams is 8, up (o 4 spatial streams may be aliocated o sash STA

in addition, in a WLAN system that supports TOLS (Tunneied Direct Link Setup), BLS (Dhrect Link Setup). or 8 mesh network,
the STA that wanis 1o transmil data uses the MUMIMO fransmission methoed o transmil the PPDU 10 a plurality of STAs. Can
be sentio

Herainafler, an example will be described that ihe AP fransmits the PFDU to a piurslily of 8TAs according to the MU-MIMO
transmission scheme

The AP simultaneously transmiis PPDUS to 87TAs belonging to the paired transmission target $TA group through different spatial
streams. As describad above, the VHT-SIG A field of the VHT PPDU formatl includes group 1D information and spatictemperal
stream information, so that each STA can check whether # is 2 FPDU tranamitied {o it In this case, data may not be fransmitied
becauss a spatial stream s nol sliocaled to a specific 8TA in the transmission target 8TA group.

A Group 1D Management frame is used (o assign or change a user position coresponding 1o one or more Group (Ds. That is,
the AP may inform STAS connected 10 a specific group 1 through a Group D Management frama before performing MU-MIMO
transmission.

145 is a diagram illustrating a Group 1D Management frame in a wireless communication system 1o which the present invention
can be applisd

Refering to FIG. 18, 3 Group 1D Manzsgement frame is a VHT action frame for supporting a VHT function, and includes an
Action field in a frame body. The Aclion field is included in the Frame Body of the MAC frame and provides a mechanism for
specifying extended management actions.

The Action fisld is composad of a Category field, a VHT Aclion field, a Membership Stalus Amay field, and a User Position Array
field.

The Category fisld is sel to 8 value indicating the VHT category e, VHT Aclion frame), and the VHT Action field is setto 5 value
indicating the Group 1D Management frame.

The Membership Stailus Array field s composed of a 1-bil Membership Status subfieid for each group. When the Membership
Stabus subfield is set to "¢, i indicates that the STA is not a membear of the corresponding group, and when sei o 17, the STA s
a member of the corresponding group. The STA may be assigned one or more groups by selting one or more Membership
Status subfields m the Membership Status Amay fiekd o "1

The 8TA may have one user position in each group to which ¥ belongs. Here, the user position indicates the position in whish
the spatial siream set of the STA corresponds {0 the otal spatial stream according o the MU-MIMO transmission when the 8TA
belongs o the corresponding group iD.

The User Posilion Array lield is composed of a 2-bil User Position subfield for sach group, The user posilion of the 8TA in the
group 1o which i belongs is ingicated by the User Position subfield in the User Position Array fisid. The AP may aliocate the
same user position to diferent 8TAs in each group.

The AP may transmit a Group D Maragemeni frame only when the det11VHTOplionimplemented parameier igirug’. The Group
iD Management frame is transmitted only to the VHT STA in which the MU Beamiormee Capable field in the VHT Capabilities
slement fisld is set to ', The Group 1D Managemeni irame is transmitted as a frame addrassed i each STA,

The S7TA receives a Group 1D Management frame having an BA field maiching s MACU address. The STA updales ihe
PHYCONFIG_VECTOR parameter GROUP D MANAGEMENT based on ihe contenis of the received Group 1D Management

404



frame.

Transmission of the Group D Managesment frame {o the 8TA and iransmission of the ACK from the STA are completed before
transmilling the MU PRDU o the STA.

The M PPOU is most recently transmitied to the 8TA and transmitied to the STA based on the contants of the Group ID
Management Fame in which the ACK was received,

Drownlink M-MMO Prams

17 & a diagram illustrating a downlink multi-user PPDU format in a wireless communication syslem io which ihe present
invention can be applled.

Figure 17 assumes that the number of 8TAs recaiving the PPDU is 3 and the number of spatial sireams aliocaled to sach 8TA s
1, but the number of STAS paired to the AP and the number of spatial streams allocated 10 each STA Is not imited to this.

Referring to FIG. 17, the MU PPDU includes an L-TFs field (L-8TF field and L-LTF field), L-SH3 field, VHT-SH3-A field, VHT-TFs
field (VHT-STF fisld and VHT-LTF fieid). Fieid), VHT-SIG-B field, Service field, one or more PSDU, padding field, and Tail hit,
Since he L-TFs field, the L-8IG field, he VHT-8IG-A fieid, the VHT-TFs field, and the VHT-SIG-B field are the same as hose in
the example of FIG. 4, detailed descriptions will be omitted below.

information for indicating the durgtion of the PPDU may be included in the L-SIG field. Within the PPDU, the PPDU duration
indicaied by the L-BIG field is a symbol {o which & VHT-SIG-A field 15 assigned, a symbol o which 2 VHT-TFs field is assigned,
a fieid to which & VHT-8IG-B field is assigned, and a service fieid. it includes a constituting bit, 2 bit constituling the PSDBU, a bit
constiitling the pacding field, and a bit constiuting the Tail feld. The S7TA receiving the PPDU may obtain information on the
duration of the PPDU fhrough information indicating the duration of the PPDU included in the L-8iG figid,

As described above, Group D information and information on the number of spalictemporal streams per user are ransmitied
through VHT-SIG-A, and coding method and MCS information are fransmitied through VHT-SIG-B. Accordingly, Beamformess
can check VHT-SIG-A and VHT-3IG-B and know whether the MU MIMO frame o which they belong. Therefore, if the STA IS not
a member of the Group 1D, or the STA with a member of the Group 1D or the number of aliocaled streams is "D, power
consumption s raduced by setting 10 stop receiving the physical layer from the VHT-SIG-A field {0 the end of the PPDUL can do.

The Group {0 raceives a Group 1D Mansgemeni frame transmilied by Beamiormer n advance, so ihal it is possible o know
which Ml group Beamformee belongs to, which user is among the grouns to which i belongs, that is, through which siream the
PPDU is received.

80211 Al MPDUs ransmitied in the ac-based VHT 80U PRDU are included in the A-MPDOUL In the date fisid of FIG. 17, the
upper box exemplifies the VHT A-MPDU transmitted 1o 8TA 1, the muddle box exemplifies the VHT A-MPDU fransmitied o STA
2, and the lower boxis VHT fransmified to STA 3 Hlusirate the A-MPDUL

The A-MPDL includes one or more gontiguous A-MPDU subframes and end-of-frame pads having a length of 0 fo 3 colsts.
Each A-MPDU subframe includes one MPDU delimiter field, and may be configured by optionally including an MPDU later,

Each A-MPDU subirame not localed at the end of the A-MPDL has g pad field so that the length of the subframe s 3 multiple of
4 oclels,

in FIG. 17, since the size of data tranamitiad io each STA may be different, each A-MPDU may have a different b size.

i this case, null padding may be performed so thal a time when transmission of a plurality of dala frames transmitted by
Beamiformer is lerminaied s the same as a lime when transmission of 8 maximum pericd ransmission data frames is terminated.
The maximum pericd transmission data frame may be a frame in which effective downlink data is transmittag fr the longeast
period by 2 Beamformer. Effective downlink data may be downlink data that is nof null-padded. For exampie, effective downlink
data may be included in the A-MPDU and fransmutied. Among the plurality of dala frames, null padding may be performed on
data frames other than the maximum peried fransmission dats frame.

For null padding, the  Beamformer may fill ong or more A-MPDU subframes that are temporally subordinated to each other in
a plurality of  A-MPDU subframes within the A-MPDU frame by encoding only the MPDL delimiler fiald,

Vihen the MAC layer of the receiving STA delects the EOF field, power consumption can be reduced by setiing the physical
layer {0 stop receiving.

Block ACK (Block Ack) procedure
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18 is a diagram #usirating a downiink MU-MIMO transmission process i 4 wireless communication system fo which the present
invention can be applied.

202 11 In ac, MU-MIMO is delined i the downlink rom the AP {o the chent {ie, non-APF STA) In this case, a muithuser frame is
simuitansously transmitied to multiple recipiants, byl an acknowledgmeant musi be individually iransmitied in the uplink.

802 118ince all MFDUs fransmitied in the VHT MU PPDU based on ac are included in the A-MPDL, the response to the A
MPDU in the VHT MU PPDU, not the immediate response to the VHT MU PPDU, is a block ACK reguest by ihe AP {BAR: Biock
Ack Reguesty i3 transmilted in response {0 a frame.

Firsl, the AP fransmits a VHT MU PPDU (e, preambie and data) 1o all recipients e, BTA 1, 8TA 2, and STA 3). The VHT MU
PPOU includas a VHT A-MPDU transmittad 1o each STA,

Upan receiving the VHT MU PRDU from the AR, 8TA 1 transmils a block acknowiedgment {ACK) frame {o the AP after 8IFS. A
more detailed description of the BA rame will be described later

Afer receiving the BA from STA 1, the AP transmils a block acknowiedgmant request (BAR) frame (o the nexd 87TA 2 alter SIFS,
and the 8TA Z transmits the BA frame to the AP afler SiFS. The AP receiving the BA frame from S8TA 2 transmits the BAR frame
io STA J after SIFS, and the §TA 3 transmiiis the BA frame {0 the AP after SIFS.

Multi-user uplink data transmission method

IEEE 802 1tax is one of the newly proposed WLAN systems 45 g naxt-generation YWLAN system to support higher data rales
and handie higher ussr inads, and is known as high-efficiency WLAN (HEW). Efficiancy WLAN)

The IEEE 802 11ax WLAN system can operate in the 2.4 GHz frequenscy band and the 5 GHz frequency band fike the exisling
WLAN system. i can alse operale in the & GHz or higher 80 GHz frequency band.

18 i a diagram dHusirating a high efiiciency (HE) formal PPRU according to an embodiment of the present invention.

FiG, 18A Hiusiraies g schamalic siructure of an HE format PFDU, and FiGES, 188 to 180 Hiustrate 3 more specihc sirycture of an
HE format PRPOU.

Refemng o FIG. 18A, an HE fermat PRPDU for HEW may be largely composed of a legacy part {L-part), an HE par (HE-parf},
and a daia field (HE-data).

The L-part consists of an L-8TF field, an L-LTF field, and an L-8iG field in the same manner as the existing WLAN system
maintans,

The HE-pat is a pard newly defined for the 802.11ax standard and may include an HE-STF field, an HE-SIG field, and an HE-
LTF field. 18A illustrates the order of the HE-STF field, the HE-SIG field, and the HE-LTF field, but may be configured in a
different order. In addition, HE-LTF may be omitled.

The HE-SIG may include informalion (eg, OFDAMA, UL MU MIMO, enhanced MCS, eic)) for decoding the HE-data held.

The L-part and the HE-part may have different Fast Fouder Transform (FFT) sizes e, subcamier spacing), and may use
diffarent Cyolio Prefix (OF)

Refering to FIG, 188, the HE-SI2 fiskd may be divided info an HE-SIG A field and an HE-SIG B field.

For example, the HE-part of the HE formal PPRU includes an HE-SIG A field having a length of 12.8 s, an HE-STF field of 1
OFDM symbod, one or more HE-LTF fields, and an HE-SIG B fisld of 1 OFDM symbel. can do.

in addition, from the HE-8TF field except for the HE-SIG A field in the HE-part, an FFT having 4 size 4 fimes larger than that of
the existing PPDU may be appliad. That is, 258, 512, 1024, and 2048 size FFTs may be applied from the HE-STF field of the HE
format PPDLU of 20 MHz, 40 MHz, 50 MHz and 180 MHz, respeclivaly.

However, when HE-SIG is divided inio a HE-BHIZ A field and an HE-SIG B field and transmittad as shown in {8) of FH3. 19, the
positions of the HE-SIG A field and the HE-SHZ B field are { may be different from b} For example, the HE-SIG B field may be
fransmitted afler the HE-SIG A field, and the HE-STF field and the HE-LTF field may be transmitted afier the HE-SIG B fieid.
Likewise in this case, an FFT hawng a size 4 Hmes larger than that of a convantional PHFDU may be applied from the HE-BTF
field.

Refamng to (€} of FH3. 18, the HE-SHS field may not be divided into an HE-SH3 A fisld and an HE-SH3 B fisld.
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For example, the HE-pan of an HE format PPDU may include an HE-8TF field of 1 OFDM symbel, an HE-SIG field of 1 OFDM
syivibel, and one or more HE-LTF flelds.

Similar to the abovs, {he HE-part can be applied with an FFT of 4 thmas larger than the conventional PPDUL Thal is, 288, 512,
1024, and 2048 size FFTs may De applied from the HE-STF field of the HE formal PPDU of 26 MHz, 40 MHz, 80 MHz and 180
Mz, respectively.

Referring to (0} of FiG. 18, the HE-SIG field is not divided into the HE-BIG A figid and the HE-SIG B fieid, and the HE-LTF field
may ke omitted.

For example, the HE-part of an HE format PPDU may include an HE-STF field of 1 OFDM symbol and an HE-BIC field of 1
OFDM symbol

Similar {6 the above, the HE-part can be applied with an FFT of 4 times larger than the conventional FPDUL That is, 258, 512,
1024, and 2048 size 715 may be applied from the HE-STF feld of the HE format PPDU of 20 Mz, 40 MHz, 80 MMz and 1680
Mz, respectively.

The HE format PPDU for the WLAN system accerding to the present invention may be transmitted through ai lsast one 20MHz
channel For example, the HE format PPDU may be transmiited in 3 40MHz, 800MHz, or 180MHz frequency band through a tolal
of four 206MHz channels. This will be described in maore detail with reference o the drawings below,

Herelnaiter, the PFDU formatl o be described is desonbed based on (b) of FIG. 18 above for convenience of descriplion, but the
presant invention is nol imited thereto.

20 is a diagram iHustrating an HE format PRDU according o an embodiment of the present invention.

20 lustrates a PPDU formeat when 80 Mz is aliocatad 10 one 8TA or when different streams of 80 MiHz are each aliocaled o g
pluraiity of STAs.

Refemng to FEG. 20, L-8TF, L-UTF, and L-8IG may be transmitted as OFDM symbels generatad based on 84 FFT points {or 84
subcagrriers) i each 20 MHz channel

The HE-SIG A field may include common control information commonly fransmitied to 8TAS receiving PPDUs. The HE-SIG A
field may be fransmilted in 1 to 3 OFDM symbols. The HE-SIG A field is copied in units of 200MHz and contains the same
informalion. In addition, the HE-SIG-A field informs {he total bandwidth information of the sysiem.

Tabiz 9 5 a table lusirating nformation included in the HE-SIG A fieid.
Tabie 8

information included in each of the helds #usiraled in Table 8 may foliow the definition of the IEEE 802,11 systam. In addition,
each of the fields described above corrasponds 10 an examplz of felds that may be included in the PPDL, and is not limited
thereto, That is, each feld described above may be replaced with another field or additional fields may be further included, and
all fields may not be necessarily included.

HE-STF is used to improve the performance of AGC estimation in MIMO transmission.

The HE-SIG B field may include yser-spacific information reguired for sach STA to receive #s own dala (eg, PSDU). The HE-
SIG B field may be tansmitled in ons or two OFDM symbols. For exampie, the HE-SIG B field may include information on a
maoduiation and coding schemse (MCS) of 2 comresponding PBDU and a length of a comesponding PSDUL

The L-87TF L-LTF L-SIG and HE-SIG A fisids may be repeatediy fransmilted in a 20 MHz channel unit. For example, whan the
PPOU s transmitied through four 20 MHz channels (e, 80 MMz band), the L-STF, LLUTF, L-SIG and HE-SIG A fields may be
repeatadly ransmitled in evary 20 MHz channal. .

When the FFT size increases, a legacy STA supporting the existing IEEE 802 11a/g/n/ac may not be able to decode the
corresponding HE PROU In opder for the legacy STA and the HE STA to coexdst, ihe L-BTF, L-LTF and L-SIG felds are
transmified through 84 FFT in a 20 MHz channel 50 that the leggacy STA can receive it. For example, the L-8H3 field cccupies
one OFDR symbol, one OFDM symbol time is 4 s, and the Gl may be 0.8 ps.

The FFT size for each frequency unil may be increased from HE-STF (or HE-SIG A} For example, 256 FFT may be used in a
20 MHz channel, 512 FFT may be usad in a 40 Mz channel, and 1024 FFT may be used in an 80 MHz channel When the FFT
size inoreases, the interval bebween OFDRM subcariers decrsases, so the number of OFDM subcarriers per unil frequancy
increasas, pul the OFDA symbeol time increases. In order to improve the efficiency of the system, the length of the G after HE-
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STF may be set equal fo the length of the Gl of HE-8IG A

The HE-SIG A field may include information required for an HE STA {0 decode an HE PPDU. However, the HE-SIG A field may
b transmiltad through 84 FFY in 8 20 MMz channel 8o thal both the legacy 8TA and the HE 8TA can receive. This is because
the HE STA can receive not only the HE formal PPDU but alse the existing HT/VHT format PPDU, and the legacy STA and the
HE 8TA must distinguish between the HT/VHT format PPDU and the HE format PRPDUL

21 is & diagram iHustrating an BE format PPDU according 1o an embodiment of the present invention.

Referring lo FIG. 21, except ihal the HE-BIG B field is located afier the HE-SIG A field, # is the same a5 the example of FIG. 20,
in this case, the FFT size per unit frequency may be further increased alter HE-STF (or HE-SIG B). For exampie, from HE-STF
(or HE-SIG B}, 258 FFT may be used in 3 20 MHz channel, 512 FFT may be usaed in a 40 MHz channel, and 1024 FFT may be
used in an 80 MHz channel

22 is a diagram iHustrating an HE format PRPDU according lo an embodimerd of the present invention.
in FIG. 22, it assumned that Z00MHz channeis are allocated o different 87TAs (g, STA T, STAZ, STA S, and STA 4},

Referring lo FiG. 22, the HE-SIG B field is located afier the HE-SIG A fislg. In this case, the FFT size per unit freguency may be
further increased from HE-STF {or HE-SIG B). For example, from HE-STF {or HE-SIG 8), 258 FFT may be used in a 20 MHz
channel, 512 FFT may be used in 3 40 Mz channel, and 1024 FFT may be used in an 80 MHz channsl,

Since the information {ransmitied in each field inciuded in the PPDU s the same as the example of FIG. 20 above, a description
thereof is omiltad.

The HE-BIG B field may include information specific 1o each 8TA, but may be ancoded over the antire hand {ie, indicatad in the
HE-SIG-A field). Thal is, the HE-SIG 3 field includas information on all STAs and is received by all STAs.

The HE-SIG B feld may inform frequency bandwidih information aliocaled for sach STA andfor stream informalion in a
corresponding frequency band. For exampie, in FH3. 22, for HE-BI3-B, 8TA 1 may be allocated 20 MHz, 8TA 2 may be
alfocated the next 20 MHz, 8TA 3 may be aliocated the naxt 20 MHz, and STA 4 may be aliogated the nexd 20 MHz. In addition,
STA 1 and 8TA 2 may allocate 40 MHz, and STA 3 and 8TA 4 may allocate 4G MHz. In this case, STA 1 and 87A 2 may aliocate
differant sireams, and STA 3 and 5TA 4 may aliocals different streams.

in addition, by dadfining the HE-8IG-C field, the HE-SIG C fisid may be added o the example of FIG, 22, In this case, information
on all 8TAs is transmitted over the entire band in the HE-SIG-B field, and control information specific 1o each 8TA may be
transmittad i units of 20 Mz through the HE-SIG-C field.

in addition, in the exampies of FIGS. 20 1o 22, the HE-SIG-B field may not be ransmitted over the entire band and may be
transmilied in the same 20 MiHz unit as the HE-8IG-A field. This will be described with reference to the drawings baiow.

23 is a diagram ilustrating an HE format PPDU according lo an embodiment of the present invention.

i FIG. 23, it is assumad that 200MHz channels are allocated to diferent S3TAs {eg, STA 1, 8TAZ, BTA S, and STA 4.

Refarring to FIG, 23, a8 in FiG, 22, the HE-SIG B field is located affer the HE-SIG A field. However the HE-SIG B field is not
iransmiited over e enlire dand, but s transmitied in units of 20 MHz, the same 35 the HE-SIG A fisid,

i this case, the FFY size per unit frequency may be further increased from HE-8TF (or HE-SIG 8). FFor exampis, rom HE-STF
for HE-SIG 8}, 258 FFT may be used in a 20 MHz channel, 512 FFT may b used in a 40 MHz channel, and 1624 FFT may be
used in an 80 MHz channel

Since the information transmitied in each field inciuded in the PPDU is the same as the example of FIG. 20 above, a descriplion
thereof is omilted.

in the HE-SIG A Held, the HE-BIG A fisld is dupdicated and transmitted In unils of 20 Mz,

The HE-BIG B field may inform frequency bandwidih information aliocated for each STA andfor stream information in a
corresponding frequency band.

Like the HE-SIG A field, the HE-SIG B field may be bansmitled in unils of 20 Mz in this case, since the HE-BIG B fieig
includes information on each 8TA, information on each 8TA may be included for each HE-SIG B field in units of 20 MHz. in ihis

case, the example of FiG, 28 illusirates a case in which 20 MHz is aliocated fo each STA. For example, when 40 MHz is
alivcated io the STA, the HE-BIG-B field may be copled and transmitted in unils of 20 MHz.
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in addition, the HE-SIG B feld includes information on all STAs (that is, nformalion specific to each 8TA s added together) and
may be duplicated and ransrnitted in units of 20 MHz, similar to the HE-SIG A field.

21 10 23, when the HE-SIG-B field is locatad in front of the HE 8TF figld and the HE-LTF fisld, the symbaol length is shorienad by
using 84 FFT ai 20 Mz, as in the example of FIG. When the HE-SIG-B field is lncated aler the HE 8TF field ang the HE-LTF
field, the symbol length can be lengthenad by using 256 FFT at 20 MHz.

in a situation in which different bandwidths for each BSE are supported, in the case of gliocaling some bandwidihs with a small
interferance lavel from adjgcent BEEs 0 an 8TA, i may be more preferable ol 1o transmit the HE-SIG-B field over the entire
kand as described above. |

in FIGE. 20 to 23, the datla field s a pavioad and may include a service field, g scrambled PSDU, {ad bils, and padding bils,
24 Hlustrates a phase rofation for detecling an HE formal PPDU according to an embodiment of the present invention.

in arder o classify the HE format PPDU, the phases of three OFDM symbols fransmitied afler the L-8IG field in the HE formal
PREU may be usad.

Referring to FiG. 24, the phase of OFDM symbol #1 anc OFDM symbol #2 transmitted afler the L-SIG feld in the HE format
PPDU is not rotatad, but the phase of OFDM symbol #3 is rotated by 80 degrees counterciockwise. { can. That is, BPSK may be
used as a modulation method for OFDA symbol #1 and OFDM symbol #2, and QBP3K may be used a5 a modulation method
for QFDM symbol #3.

The STA altempis 1o decade the first OFDM symboi 1o the third OFDM symbad ransmitied after the L-8IG fieid of ihe received
FROU based on the constellstions as Hlustrated in FiG. 24, i the &8TA succeeds in gecoding, # may deternmine that the
corresponding PPDU is an HE format PRPDUL

Here, if ihe HE-SIG A fisld s transmittad in ihree OFDM symbols afler the L-8i3 field, this means thal both OFDM symbals #1
10 #3 are usad to fransmit the HE-SIG A fisld,

Herginaiter, 2 method for transmilting a muit-user uplink in 2 WLAN system will be described.

A method in which a plurality of STAs operaling in the WLAN system fransmil data io the AP on the same fime resource may be
eferred to as "UL MU fransmission (uplink muli-user transmission)”.

Uplink transmission by each of the pluraiity of STAs may be multiplexed on a frequency domain or g spatial domain.

When uplink transmission by each of the plurality of 8TAs is mulliplexad on the frequency domain, different frequancy resaurces
may be allocaied as uplnk iransmission resources for each of the plurality of STAs based on orthegonal frequency divisien
muitiplexing (OFDMA). The fransmission method through these different frequency resowrces may be referred to as "UL MU
OFDMA transmission”.

When uplink fransmission by each of the plurality of STAs s multiplexed on the spalial domain, different spatial streams are
allocated fo each of the plurality of 3TAs, so that each of the plurality of STAs can transmil uplink data through different spatial
streams. A lransmission mathod through these different spatial streams may be referred to as'UL MU MIMO transmission’.

The current YWLAN system cannol support UL MU ransmission due to the foliowing restrictions.

inn the current WLAN system, synchronization for iransmission timing of uplink data transmitted from a plurality of 87As is not
suppored. For example, assuming that a pluraiily of 3TAs transmit uplink data through the same time resource in an existing
WLAN system, in the current WLAN system, each of the plurality of STAs can know the transmission timing of the uplink data of
ancther STA. none. Theraiore, it s difficull for the AP 10 recaive uplink data from each of the plurality of 3TAs on the same time
FES0LTCE,

in adgdition. in the cument WLAN system, overiap between fraguency rescurces used to transimit uphnk data by a pluraity of
STAs may occur, For exampie, when the ascillaiors of each of the plurality of STAs are different, the frequency offset may be
different. If g plurality of 8TAs having different frequency offsets simultaneously perform uplink transmission through different
frequency resources, some of the frequency domains used by sach of the pluralily of 83TAs may overlap.

in gddition, power condrod for each of the plurality of 8TAs is not periormad in the existing WLAN system. Depending on the
distance behween =ach of the plurality of 8TAs and the channel environment and the channel environment, the AP may receive

signals of different powers from each of the plurality of 8TAs. In this case, a signal ariving with weak power may be relatively
difficult to detect by the AP than a signal ariving with strong power.
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Accordingly, the present invention proposes a UL MU transmission method in g WLAN sysiem.
2515 a disgram iHustrating an uplink multi-user ransmission procedure aeoording o an embodirment of the present invention.

Referring to FIG. 25, an AP Insiructs STAs paticipating In UL MU transmission io prepare for UL MU transmission, recaives UL
M data frames from corresponding 8TAs, and receives an ACK frame in response lo the UL MU data frame. send.

First, the AP instructs STAs fo fransmit UL MU daia {o prepare for UL MU transmission by transmitting a UL MU scheduling
frame 2510, Here, the UL MU scheduling frame may be relferred to as a lerm of "UL MU lrigger frame” or "rigges frame”,

Hare, the UL MU scheduling frame 2510 may include conirol information such as SYA identifier {(iD)yaddress information,
resourca aliocation information, and duration infermation.

The STA iDfaddress information means information on an dentifier or address for specifying sach STA that iransmits uplink
data,

Resource alipcation information is assigned {0 uplink fransmission rescurces allocated for each STA (e.g., reguency/suboarrier
information aliccaled to each 7A in case of UL MU OFDMA transmission, and stream index allocaled to each 87TA in case of
UL 83U MHIMO transimission) Means information about.

The durgtion information means wiormation for delfermining a time resource for transmission of an uplink data frame transmilted
by 2ach of 2 plurality of STAs. Hereinalter, duration information is referred to as'™MAC duralion”

For exampie, the MAC duration may include informaiion {8g. bis or symbois) on the length of an uplink frame or inferval
information of 2 TXOPR {(Transmit Opperiunity) afiocated for uplink iransmission of each 8TA.

in arddition, the UL MU scheduling frame 2510 may further include control information such as MCS information and coding
information to be used when transmitting the UL MU data frame for sach 8TAL

The above sontrol information includes the HE-pant of the FPDU canying the UL MU scheduling frame 2510 (e.g., HE-SIG A
field or HE-BIG 8 fizid) or 3 control field of the UL MU scheduling frame 2510 {e.g. For exampie, § may be transmitied in the
Frame Condrol fisld of the MAC frama),

The PRPDU canying the UL MU scheguling frame 2510 has a structure starting with an L-part {gg. L-87F field, L-LTF fieid, L-8IG
field, etc). Accordingly, legacy STAs may perform Network Allocation Vector (NAV) setling from the L-8IG feld, For exampie,
legacy STAs may calculate an interval for seiting the NAV (hersinafler, "L-SIG guard interval") based on daia length and data
rate infermation in L-SH3. In addilion, legacy 3TAs may determine that there is no dala to be transmilied o them during the

caloulated L-SIG guard period.

For example, the L-8IG guard pericd may be determined as the sum of the MAC duration value of the UL MU scheduling frame
2510 and the remaining period after the L-SIG field in the PPDU carrving the UL MU scheduling frame 2510, Acoordingly, the L-
SIE guand perniod may be sei 1o a value up {0 the pericd in which the ACK frame 2830 ransmitied to each 8TA is ransmitisd
actording 1o the MAD guralion value of the UL MU scheduling frame 2514

Hersinafler, a method of allocating rescurces for UL MU ransmission o each STA will be described in mare detail. For
canvenience of explanation, fields inchuding controd information are classified and described, but the present invention is not
limited thereio.

The first field may indicate UL MU OFDMA transmission and UL MU MIMO transmission separaiely. For example, s '07 #
may indicate UL MU OFDMA transmission, and i | s "1, i may indicate UL MU MIMO transmission. The size of the first field
may consist of 1 bit

The second field {eg, STA iD/address field) indicates STA D or §TA addresses 10 panicipaie in UL MU fransmission. The size of
the second field may consist of the number of bils for indicating the STA 1D x the number of $TAs panicipaling in the UL MU, For
example, when the second fisld consisis of 12 bifs, the ID/address of each 8TA may be indicated for each 4 bifs,

A third field (eq. a resourcs alfocation field) indicates a resource region allocated 1o each 87TA for UL MU transmission. In this
cass, the resourcs region aliocated to cach 8TA may be seguentiaily indicaled to each 8TA according to the order of the second
field.

if the first fisld value Is D, frequency information (egq, frequency index, subcarrder index elc) for UL MU transmission is
indicated in the order of STA ID/address included in the second field, When the 1 field valug is "1, MIMO information {eg, stream
index, eic) for UL MU transmission s indicated in the order of STA 1D/address included in the second field.
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At this time, since mullipie indexes {ie, frequency/subearier index or stream index} may be reporiad 1o one STA, the size of the
third fieid may be a plurality of bils {or may be configured in 8 bitmap format}, x It can be configured with the number ¢ STAs {0
participale in UL MU ransmission.

For example, # s assumed that the second fiald is sat in the order of 3TA 1and'STA 2, and the third field is sel in the order of 2
andg ‘2",

in this case. when the firs! field s 0, the §TA 1 may be aliocated frequency resources from the upper {07 lower) frequency
domain, and the STA 2 may be saquentially allccated the next frequency resourses. For axample, in the case of supporting
QFDMA in unils of 20 MHz in an 80 MHz band, 8TA 1 may use an upper {or iowsr) 40 MHz band, and 8TA 2 may use a nexi 40
hdz band.

On the other hand, when the first fieid 5 'Y, an upper (o1 lowsn) stream may be aliocated 1o 8TA 1, and a subseguant stream
may be sequentially alivcated 1o 8TA Z. in this case, the beamiorming method according to each stream may be specified i
advance, or more delaiied information on the beamiorming method according to the siream may be included in the thind field or
the fourih fisld.

Each STA transmils UL MU data frames 2521, 2522, and 2523 to the AP based on the UL MU scheduling frame 2510
trapnsmiited by the AP Here, each STA may transmit the UL MU dats frames 2521, 2522, and 2523 {o the AP after 3IFS after
receiving ihe UL MU scheduling frame 2510 from the AR

Each 8TA may delerming a specific frequency resource Tor UL MU OFDNA fransmission or a spatial stream for UL MU MIMO
transmission based on resource aliccation information of the UL MU scheduling frame 2510,

Specifically, i the case of UL MU OFDMA transmission, 2ach STA may lransmit an uplink data frame on the same time
resourse through different frequency resources.

Here, each of 8TAs 1 to 3 may be alivcated different frequency resources for uplink dala frame fransmission based on STA
ilifaddress information and resource allocation information included in ihe UL MU scheduling frame 2510 For example, 8TA
iDifaddress information may sequentially indicate STA 110 8TA 3, and resource allocalion information may seguentially indicale
frequency resourse 1, frequency rescurce 2, and frequency resource 3. In this case, 8TAs 1 i 3 sequentially indicated hased
on the STA iD/address information may be assigned freguency rescurce 1, frequency resource 2, and fregquency resource 3
sequentially indicated based on resource allocation information. That s, STA 1 may ransmit uplink data frames 2521, 2522, and
2523 1o the AP through frequency rescurce 1, STA 2 frequency resource 2, and STA S frequency resource 3,

in addition, in the case of UL ML) MIMO transmission, each STA may iransmit an uplink daia frame on the same lemporal
resoures through at feast one different strearm among g plurality of spatial streams,

Hera, each of STAs 1 o 3 may be aliocatad a spalial stream for tranamission of an uplink data frame bassd on 3TA iDiaddrass
information and resource alfocalion information included in the UL MU scheduling frame 2510, For example, 8TA iD/address
information may sequentially ingicale STA 1 1o 8TA 2, and resource aliocalion information may ssquentially indicats spatial
streamn 1, spatial stream 2, and spatial siream 3, In this case, 8TAs 1 1o 3 sequentially indicated based on the STA DVaddress
information may receive spatial stream 1, spatial stream £, and spatial stream 3 sequentially ingicated based on resource
allocation informalion. Thatis, 8TA 1 may transmil uplink data frames 2521, 2524, and 2523 o the AP through spatial stream 1,
STA 2 spatial stream 2, and STA 3 spatial siream 3.

As destnbed above, the Iransmission duration {or fransmission end time) of the uphnk data frames 2521, 2522, and 2823
transmitted by each STA may be determined by MAC duration information included in the LiL MU scheduling frame 2510, have,
Therefore, sach STA schedules UL MU scheduling of the transmission end time of the uplink data frames 2521, 2522, 2523 (or
the uphnk PFDU carrying the uplink data frame) through bit padding or fragmentation. Synchronization may be perfonmed based
on the MAC duration vaiue included in the frame 2510,

PPDUs carrying uplink data frames 2521, 2522, and 2523 can be configured in a new siruciure withou an L-part.

in addition, in the case of UL MU MIMO transmission or UL MU OFDMA fransmission in a subband type of less than 20 MHz,
the L-part of the PPDU canying the uplink datg frames 2521, 2822, 25823 is In the form of SFN (that is, all 3TAs are e same L~
parl configuration and content can be ransmitied simuitanecusly). On the other hand, in the case of UL MU OFDMA
transmission in the form of a subband of 20MHz or higher, the L-part of the PPDU carrying the uplink data frames (2521, 2522,
25231 is each L-part in 20MHz unils in the band {o which each 8TA is assigned. Can be ransimitied.

As descoribed above, the MAC duration value in the UL MU scheduling frame 25810 may be set as & value up io the perioid in
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wihich the ACK frame 2530 is transmiliad, and the L-8IG guard period may be determined hased on the MAC duration valua,
have. Accordingly, the legacy STA may set the NAV up to the ACK frame 2530 through the L-8IG field of the UL MU scheduling
frame 2510,

if the UL ML} schedubing rame 2510 can be sufficienily configured with the information of the UL MU schaduiing frame 2510, the
SIG fieid in the PPDU camying the UL MU scheduling frame 2510 (Le., transmitting conirol information on the configuration
method of the data frame) Area) may not be needed. For example, the HE-SIG-A field and/or HE-BIG-B may not be transmiited.
in addilion, ihe HE-SIG-A field and the HE-SIG-C field may be bransmitied, and the HE-SIG-B field may nol be ransmitied.

The AF may ransmit an ACK frame 2530 in respense o the uplink dala ames 2821, 2882, and 2523 received from each STA.
Here, the AP may receive the uplink dala frames 25821, 2522, and 2523 fram each STA and transmil an ACK frame 2530 to each
STA afler SIFS.

if the structure of the axisting ACK frama is used in the same manner, the RA field having a size of § cotets may be configured
i include AlDs (or partial AlDs) of STAs participating in LiL MU transmission.

Alternatively, if an ACK frame of 2 new struciure 5 configured, it can be configured in a form for DL SU transmission or DL MU
trapsmission. That is, in the case of DL SU transmission, the ACK frame 2530 may be sequentially transmitted to each STA
participating in the UL MU fransmission, and iy the case of DL MU transmission, the ACK frame 2532 s a resource allecated {0
each 8TA (Le., frequancy Or, it may be simulianscusiy transmilted to each STA paricipating in UL MU transmission through a
streamy.

The AP may transmil only the ACK frame 2530 for the UL MU data frame that has been successiully receivad to the
corresponding STA. In addition, the AP may inform whalher receplion is successiul through the ACK frame 2530 through ACK
ar NACK. if the ACK frame 2530 includes NACK information, a reason for NACK or information for a subsenuent procadure {8y,
UL MU schaduling information, ete) may also be included.

Alternatively, the PPDU canrying the ACK frame 2830 may be configured with a new structure without an L-pasi,

The ACK frame 2530 may include STA i) or address information, but if the order of §TAs indicatad in the UL MU scheduling
frame 2510 is applied in the same manner, the STA D or address information may he omitted.

in addition, a control rame including a frame for the nexd UL MU scheduling or correction information for the next UL MU
{fransmission by extending the TXOP {Le., L-SiG guard interval) of the ACK frame 2530 is included in the TXOF. May be.

Meanwhile, for UL MU transmission, an adjustment process such as synchronization between STAs may be added.
28 is a diagram iHustrating an uplink muilti-user transmission procedure according to an embodiment of the prasent invenlion.
Hereinafter, ior convenience of explanation, the same descriplion as the example of FiG. 25 will be omitled.

Referring to FIG. 268, an AP instructs S8TAs o be used for UL MU fo prepare a UL M, and transmits a UL MU data frame afier
performing an adiustment process such as synchronization between S§TAs for UL MU i can recewe and fransmut an ACK.

First, ihe AP instructs STAs to fransmit UL MU data to prepare for UL MU transmission by transmiting a UL MU scheduling
frame 2810

Receiving the LIl MU scheduling frame 2618 from the AP, sach STA transmils a sync signal 2821, 2822, 2623 1o the AR Here,
each STA may receive the UL MU scheduling frame 2810 and transmil synchronization signals 2821, 2822, 2623 fo the AP after
SIFS.

in addition, the AP, which has received the synchionization signals 2821, 2822, 2623 from each STA, fransmils an adjustment
frame 2830 io each STA. Here, the AP may receive synchronizalion signals 26821, 2822, and 2623 and transmit the comection
frame 2630 after SIFS,

The procedure for transmitling and receiving the synchronization signals 2821, 2822, 2623 and the comrection frame 2630 is &
procadure for correcting the Hmefrequency/power between STAs for fransmission of the UL MU data frame. That is, 8TAs
transmit their respeciive synchronization signals (2821, 2822, 282%), and the AP provides correction information for comrecting
errors such as timeffrequency/power o each STA through the correction frame 2830 hased on the values. This is a procedure
for correciing and transmitling the value in the UL MU data frame 10 be transmilied nexd by nolifying. In addition, since such a
procedure s parformed afler the UL MU scheduling frame 2810, the BTA may have ime o prepare the data frame configuration
acnording io the schagduiing.
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Maore specifically, STAs indicated in the UL MU scheduling frame 2810 transmit synchronization signals 2621, 2622, 2623 1o the
indicated or designated resource regions, respactively, Here, the synchronization signals 2821, 2622, and 26823 transmitted from
each 8TA may be mulliplexed in a time division muliiplexing {TDM), code division multiplexing (CDM)}, andier spatial division
mulfiplexing {SDM) meihod.

For example, if the order of STAs indicated in the UL MU scheduling frame 2810 is STA 1, 8TA 2, and 8TA 3, and the
synchronization signals 2621, 26822, and 2823 of each 8TA are multiplexed by CDM, sach in the order of the designated STAs
Assigned Sequence 1, Segquence 2, and Sequence 3 may be ransmitied to the AP

Here, in order for the synchronizalion signals (2821, 2822, 2623) of each STA to be mulliplexed with TOM, COM and/or SOM {o
be transmiited, resourcas {e.g., iimelsequenca/sireant, etc) o be used by sach STA are determined in advance. Can be
directed or defined {o

ey

in addifion, the PPDU carrying the synchronization signais 2821, 2622, 2623 may nol include an L-pad or may be transmilted
oniy with a physical layer signal without configuring & MAD frame.

Lipon receiving the synchronization signals 2821, 2622, 2623 from each STA, the AP franamits an adjustiment frame 2830 to
cach 8TA.

in this case, the AP may fransmit the correclion frame 2630 fo each STA in a DL 38U transmission method or to each 8TAIn 3
[ 8L fransmission method. Thatl is, in the case of DL 84U fransmission, the comsclion frame 2830 may be sequantially
transmitted to each STA pariicipating in the UL MU transmission, and in the case of DL MU transmission, the correction frame
2830 is a resource aliocated to sach 8TA {ie, frequancy Or, it may be simultaneously fransmitted o each STA participating in UL
MU transmission through a stream).

The comechion frame 2830 may include STA 1D or address information, and i the order of 8TAs indicaied in the UL MU
scheduling frame 2610 15 the same, the STAID or address information may be omitled,

in addition, the correclion frame 2830 may incilude an adjusiment fieid

The adjustment field may include information for comecting emors such as fimeffrequency/power. Here, the comection
information refers to information indicating that an error such as timeffrequancy/power may ocour in signals of STAS received by
the AP, and fo correct e error gap. in addition, any mformation may be included in the correction frame 2820 as long as
information capable of more accurately comecting emors such as Hmeffrequency/power of each STA based on fhe
synchronization signais 2621, 2622, 2623 received by the AP, |

The PRDU carrying the correction frame 2630 may be configured in 8 new sliucture without an L-parl,

Meanwhiie, the procedure Tor transmilting and receiving the synchronization signals 2821, 2822, 2623 and the comeclion frame
2830 may be performead before transmitting the UL MU scheduling frame 2610 of each STA

in addition, transmission of the synchronization signals 2621, 2822, 2623 may be omitied, and the AP may transmit the UL MU
scheduling frame 2810 including correction information through implicit measurement, For example, in a pre-procedure o be
described later, the AF can comect sirors in timefrequency/power balween each STA through an NDP or buffer siatus/sounding
frame transmitted from each 8TA. Correction information for correction may be generated and the correction information may be
transmitted 10 each 8TA through the UL MU scheduling frame 2610,

in addition, if STAS that do nol need to be corrected (8.q., when a correciion procedure has been completed between each 8TA
that will perform UL MU transmission previously, ele), the synchronizalion signals 2621, 2622, 2623 and the corection frame
2830 are transmitied and raceived. The procedure may be omilted.

in addition, if only some corraction procedures are needed, only those proceduras can be comected. For example, when the
length of the cychic prefix (CF) of the UL MU data frame is long enough thal misaligned synchronization between STAs isnoi g
probiam, a procedure for comecling the fime difference may be omilted. Alternatively, i there is sufficient guard band between
STAs when parforming UL MU OFDMA transmission, & procedure for comecting the frequency difference may be omitied.

Each STA transmits UL MU data frames 2641, 2842, and 2843 {o the AP hased on the UL MU scheduling frame 2810 and the
correchion frame 2830 ransmittad by the AR Here, each STA may transmit the UL MU data frames 26417, 2842, and 25843 o the
AR afier SIFS alter recewing the correction frame 2630 from the AP

The AP may transmit an ACK frame 2850 in respense o the uplink daia ames 2641, 2642, and 2643 receivad from each STA.
Herg, the AP may receive the uplink data frames 2461, 2642, and 2843 from sach §7A and fransmil an ACK frame 2850 1o each
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STA after SIFS.

in the above FIGS. 25 and 26, the structure of a UL MU fransmission-related downlink PPDU such as a UL MU scheduling
frame, a comection frame, and an ACK frams may be configured basad on 20 MHz, This will be described in more delad with
reference o the drawings beiow.

FiG. 27 is a diagram #lustrating 2 structure of a downiink PPDU related to uplink mulii-user transmission according o an
embodiment of the present invention,

in FiG. 27, it 15 assumed thal the antire band s 80 MHz, and a bandwidth is allocaled in units of 20 MHz for sach STA for UL
OFDMA transmission.

Referring {0 (a8} of FIG. 27, all the information of the STAs of the UL MU is included in the 20MHz PPDU, and the same
information may be copled and tranamiited {0 other 20MHz channeis,

When a primary channel is configured in the comesponding BES, the STA first checks the information transmitied in the primary
channel configured in the comesponding BSS, and thus the information of the STAs of UL MU ransmission may be transmilted
only i the primary 20 MHz channal have. However, In this case, information loss may ooour | interference coours in the
corresponding primary channel due 1o adjacent BSE.

Each STA can read all possible channels aocording to its capabilities, For example, when 8TA 1 is an 87TA supparting 8 40 MHz
band, STA 1 may read the frst and second channels from the top. In addilion, when 8TA 4 is an STA supporting the 806 MHz
band, STA 4 can read all four chanpels,

Therefore, in order 1o prevent the above problem, it may be dasirabls to ransimit information on all STAs in all channels for each
20 MHz as in the case of FIG. 27A. That is, even if information is lost due to interference in a specific channel, information may
be successfully transmitied through another channel.

Referring fo FIG. 278, information on UL MU transmission of each of STAs {0 be aliocated for sach 200MHz unit may be
transmitted.

i addition, uplike FIG. 27}, when 2 40MHz channel is allocaled fo 8TA 1, a PPDU structure copied to STA 1 in ZOMM2 units
may be {ransmitted through a 400z channel, In addition, it may be transmitied in a 400z PPDU struciure.

As described above, sach STA can check information ransmiied {o itself by reading all possibie channels acoording o #is
capabilities

in the case of (b) of FIG. 27, 4 may be preferable when a primary channel is not configured in the corresponding 888,
Referring to (o) of FIG. 27, HE-part and daia other than the L-pad may be fransmitied in a full-band PRPOU structure,
in this case, it may be preferabie when the AR knows in advance that all terminals related to the UL MU support 80 MHz

The bandwidths of 80MHz and 20MHz Hlustrated in FIG. 27 are merely examplary values for convenience of descriplion, and
the present invention is not limited therelo,

in addition, some of ihe HE-parts {gg. at least one of the HE-SIG A field, HE-8TF field, HE-LTF fislg, and HE-SIG B fieid) may
follow the structure of the L-pait. That is, i can always be configured in units of 200Hz, ke L-parl.

in addition, UL Mil-related DL PFPDUs may have different structures for each frame. For example, the UL MU scheduling frame
follows a structure in which the same information s ransmitted by being copied o al bands in unils of 20 MiHz as shown in (8)
of FiG. 27, and the downlink ACK frame is one 28 MHz unit in FIG. 27(za). i may be transmitied only through PRDU,

Meanwhile, the DL PPDU structure reiated to UL MU fransmission according to FIG, 27 has been described on the assumption
that a channel is allocated in unite of 20 MHz for each STA in UL MU OFDMA transmission for convenience of explanation. The
same method can be appiied.

For example, when the UL MU MIMO {ransmission is performed by sequentially assigring streams 110 4 in units of 20 MHz to
STAs 1o 4 at 20 Mz, information on all 87TAs in each stream as shown in (8) of FIG. 27 May be included and transmilted.

i addition, as shown in (I of FIG. 27, only information on an STA to which & comresponding stream is allocaled for aach siream
in & 20 MHz unil may be included and ransmitied.

in addition, in the case of supporbing UL MU MIMO transmission in unils of 80 MHz for each 3TA in a2 fulkband 80 MHz,
information on all 8TAs may be included and transmittad for each stream in uniis of 80 MBz as shown i FIG. 27(¢).
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However, in order (o sinulfanecusly support UL MU OFDMA transmission and UL MU MIMO transmission, g PPDU structure a3
shown in (4 of FIG. 27 may be desirable. For exampie, in order fo support UL MU OFDMA transmission in units of 20 MHz for
each STA inn a huil-band 80 MHz, a PPDU Is configured as showr in {8} of FIG. 27, and UL OFDMA In units of 5 Mz or 20 8Hz
for each STA in a full-band 20 MHz, This is because in order 1o support UL MU MIMO transmission of FIG, 27, only ene 208Hz
PPOU structure may be transmitied in the example of FIG. 27A. In this case, a DL frame structure related 1o UL MU QFDMA
transmission and UL MU MIMO transmission may be configured irough the same FPPOU struclurs.

For UL MU transmission described above, a pre-procedure for UL MU transmission is requirad.

The pre-procedure refers 10 a step of prepanng for reporting on a channei stale of STAS required for UL M lransmission and/or
a buffer status of STAs,

Hare, the puffer stalus information is what type of data o be transmilted by the STA In the uplink {sg, AC {(Access Catagony)
information {eg, voice, vidao, data, elc.}, How much is accumulated in the qusue {(e.g., the size of the uplink dala, the size of the
gueue where the uplink data s accumuialed, elc), and how urgent the uplink data hransmission 5 (e.q.. backoff ocount} |
Corntention window (Conlention Window) value, efe).

1) How to use the NDP procedurs

A pra-procedure for UL MU transmission may de performed using an NDP similar to the example of FIG. 11 above. That is, by
receiving the NP from sach STA participating in the UL MU transmission, the AP may acquire uplink channel siale information
and/or buffer state information for each STA. This will be described with reference {o the drawings.

28 18 a diagram ilusiraling a pre-procedure for uphink multi-user ransmission according 1o an embodiment of the present
invention.

in FIG. 28, it is assumed that three STAS (2TA 1, BTA 2, and 3TA 3) pastisipate in UL MU transmission,

Referring fo FIG. 25, the AP transmiis a null data packe! announcement (NDPA) frame 2810 o request a buffer sialus/sounding
to each STA participaiing in UL MU transmission.

Hera, the NDPA frame 2810 may be configured in the same format as the example of FIGL 12,

However, in order {o distinguish the NDPA frame 2810 from {he NDPA frame used in the axisling downlink sounding procadure,
UL MU is ransmitied using a reserved bif {e.g., 2 raserved bits of the Sounding Dialog Token Held). H can be announced that i
is an announcement for

The NDPA frame 2810 inciudes g 8TA Info field that includes information on & targe! STA paddicipating in the UL MU, One 8TA
info field may be included for each sounding tamet STA, and an AID for identifying a targel 8TA participating in UL MU
transmission is included in the AD1Z sublield.

in addition, the NOPA frame 2810 may further include a resource allocation field for UL MU transmission. Alternatively, resource
allocation information for UL MU iransmission aliocated i each STA may be transmiited using the Ne Index subfield of the STA
info field. Hereinafier, a fisld including resource allocation information is collectively referred 1o as a'resource allocation fisld'

The resource aliocation field s a resource region for reponing frequency/siream channel staius of sach 8TA for UL MU
transmission Jor example, in case of UL MU OFDMA iransmission, frequency/subcarnier information for each STA fo report
channel status, UL In the case of MU MIMO transmission, each STA indicates a stream indax for reporting channel conditions).
in ihis case, the rescurce region allocaied to each 8TA may be sequentiaily indicated 1o each 8TA according to the order of the
AlDA2 subbelds.

in the case of UL MU MIMO transmission, & spatial siream atiocated to sach STA may be indicated based on n AlD12 subfields
and resource allocation felds, Further, in case of UL MU OFDMA franamission, frequency rescurces allocated 1o each of &
pluraiity of $TAs may be indicated based on n AlD12 subifields and resource aliocation fields,

STAs that have received the NDPFA frame 2810 may check the A2 subfieid value included in the STA Info field, and check
whether they are the target 8TAs for UL MU transmission,

in addition, STAs may know the order of NP transmission through the order of the STA Info field included in the NEPAL In FIG.
28, an exampie of ransmitting the NDPs 2820, 2840, and 2860 1o the AP m the order of 8TA 1, 3TA 2, and STA 3 is illustrated.

Each STA has a resource region indicated in the NDPA frame 2810 {(2.g., in cass of UL MU OFDMA transmission,
frequency/subcarder information for each STA to report the channel status, in case of UL MU MIMO transmission, each 8TA has
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a channel sfatus), The NDP (2820, 2840, 2880} may be fransmitied to ihe AP through the siream mndex for reporing the eror
First, STA 1 receiving the NDPA frame 2810 transmits the NDP 2820 {0 the AP
STA 1 may receive the NDPA frame 2810 and transmil the NDP 2820 o the AP after BIFS.

Here, the NDPs 2820, 2840, 2880 fransmitied by sach STA are configured using the same NDP formal transmitied by the AR
However, the VHT-LTF field {or HE-LTF field) of the NDP 2820, 2840, 2880 wransmitted by each STA may be ingluded as much
as the resource region indicated in the NDPA frame 2810 {hat is, as many as the number of frequencies/sireams). have.

Tie AP acouires uplink channel state information based on a training fisld (eg, a VHT-LTF field or an HE-LTF figld) of the NDP
2820 recaived from STA 1,

Mext, ihe AP transmils a beamforming repont pall frame 283¢ 10 8TA 2 in order 1o abtain uplink channel informalion from STA 2,
The AF may raceive the NDP from 8TA 1 and transmit a Beamforming Peport Poll frame 2830 to 8TA 2 afier SIFS.

Here, the Beamfonming Repon Poll framas 2830 and 2850 may be configurad in the same format as the example of FIG. 15,
Upan receiving the Beamforming Repoit Poll frame 2830, 8TA 2 fransmiils the NDP 2840 to the AR,

Here, the $TA 2 may receive ine Beamforming Report Peli frame 2830 and transmil the NP 2840 {0 the AP afler SiFE.

Mext, in the same manner as for STA 2, the AP transmiis a2 Beamforming Heport Poll frame 2850 {0 STA 3 1o obiain uplink
channel information from 8TA 3, and receives the Beamiorming Report Poli frame 2880, 3 transmits the NDP 2888 {o the AR

The AP may acquire channei state information and/or buffer siale information through the NDP received from sach STA.
Further, UL MU resourcas (eg, & strearn for each STA in the case of UL MU MIMO, and a frequency/suboarmier for sach STA N
the case of UL MU OFDMA) may be allccated o each STA based on the ablained informalion.

2) How to consiruct a new frame

Unlike the example of FIG. 28 above, a pre-procedure for UL MU fransmission may be performed using a newly configured
frarne. That is, a new frame for acquiring uplink channsel stale information and bulier slate information may be defined withoul
using the previousty defined NDPA frame or NDPF. This will be describag with reference to thae drawings below.

29 is g diagram illustrating a pre-procedure for uplink muli-user transmission according o an embodiment of the present
rvention.

in FIG. 28, it is assumead that three STAs (STA 1, STA 2, and STA 3) pariicipate in UL MU transmission.

Ratfarring to FIG. 28, the AP is g huffer slgtus request (BSR)/sounding request (SR sounding request) frame 2910 {0 request a
buifer status/sounding reguest to each STA participating in UL MU transmission. Is iransmitisd 1o each 87TA.

Here, the BER/SR frame 2610 includes the 1D {(eg, AlD) andfor address of the larget STA participating in the UL MUL

in addition, the BSR/ER frame 2810 may include information for a target STA participating in the UL MU to report 8 buffer status
and to fransmil 3 sounding frame to the AP In addition, this information may be included in the onder of the STAlransmilting the
buffer status {BSYsounding frame.

in addition, the BSR/SR frame 2810 may furdher include a resourne sliocation fleld for UL MU transmission.

The resource aliocation field is a resource region for reporting the frequency/siream channel status of esch BTA for UL MU
transmission for example, in the case of UL MU OFDMA transmission, frequency/subcarrier information for each 87A 1o repord
the channe! staius, UL In the case of MU MIMO fransmission, each STA indicales a streaun index for reporting channel
cenditions). i this case, the resource region allecated o each STA may be seguentially indicated o each STA according to the
order of the STA ID/address.

in the case of UL MU MIMO transmission, a spatial stream allocated 1o each STA may be indicaled based on n STA
iD/addresses and resource allocation fields. In addition, In case of UL MU OFDMA fransmission, frequency rescurces allocated
to each of a plurality of 8TAs may be indicated based on n 8TA iD/addresses and resource aliocation fisids.

Each STA transmils a8 buffer siatus (BSysounding frame 2820, 2940, 2980 to the AP Herg, the 8TAs may know ihe
fransmission order of the BS/sounging frames 2820, 284¢, and 2880 through the order of the STA {Diaddress information

included in the BSR/SR frame 2810, In FIG. 28, a case in which the BS/scunding frames 2820, 2840, 2960 are fransmitied to
the AP in the order of 3TA 1, BTA 2, and STA 3 is illustrated.
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Each STA is 2 resourcs region indicated in the BER/ER frame 2810 (or example, in case of UL ML OFDMA transmission,
frequency/subcarer information for each 8TA fo report channel status, and in case of UL MU MIMO transmission, each STA
The BS/sounding frames 2820, 2840, and 2880 may be transmitted ic the AP through a slream index for reporiing channel
conditions).

First, 8TA 1 receiving the B3R/SR frame 2810 transmits the BS/sounding frame 2820 to the AP
STA 1T may receive the BER/SR frame 2810 and fransmit the BS/scunding rame 2520 to the AP after SIFS.

Here, the BS/scunding frames 2820, 2040, 2980 transmifted by sach STA inciude buffer sialus information and a training fisid
for sounding {eg, a VHT-LTF field or an HE-LTF field). | can For exampie, bulfer siatus information is included i the Frame
Control field, and the LTF field {e.g., VHT-LTF field or HE-LTF field) corrasponds to the resource region indicated in the BBR/ER
frame 2810 {Le., frequancy / As many as the number of sireams),

i addition, instead of fransmilling a iraining field for sounding by each 8TA, the BS/sounding frameas 2820, 2840, 2880 (&4,
Frame Conirad fielg) include information necessary for the configuration of UL MU transmission. You c¢an also send #. For
example, information such as the number of sireams preferred by edch STA, a beamforming matrix, an MOS configuration, and
a location of a subcarrier may be included and transmitted.

Next, ihe AF transmils a poling frame 2830 to STA 2 in order o eliain uplink channel information from STA 2,
The AF may soeive the BS/Sounding frame 282¢ from STA 1 and transmit the Polling frame 2630 to STA Z afler 3IFS.

The polling frame means a frams that heips the next STA o rsnsmit the B85/Sounding rame. If the B8/ Bounding frame is not
received within a predetermined time (gg, SIFS), the AP may iransmit a Polling frame so that the nexd STA can ransmit the
BS/Sounding frame,

Llpon receiving ihe polling frame 2830, 8TA 2 transmils the BS/Sounding frama 2840 o the AP,
Heare, the §TA 2 may receive ine polbng frame 2830 and transmil the BS/Sounding frame 2940 (o the AP after SIFS,

Mext, in the same manner as the process for STA 2, the AP transmits a polling rame 2850 to STA 3 to oblain uplink channel
information from STA §, and 87A 3 receiving the polling rame 2830 is BS/ The sounding frame 2860 is transmitied o the AR

The AF may acquwe channel slate information and/or buffer state information through the BS/Sounding frame received from
each STA. Furthaer, UL MU rescurces {eg, a siream for each STA in ihe case of UL MU MIMO, and a freguency/subcarnier for
each STA In the case of UL MU OFDMA} may be aliocated 1o each STA based on the oblamed information

Meanwhie, in the example of FIG. 28, the PPDU carrying 2ach frame (BESR/GR frame, BS/Sounding frame, and Polling frame)
may oF may nel include an L-past. if the L-part is not included, it may be composed of only HE-SIG fields {(or HE-8I3 A and HE-
SIG B, HE-STF, and HE-LTF, and data fields when additional PSDU is present # may include,

For example, only the PPDU carrving the BSR/SR frame, which is the first transmitied frame, includes the L-pan and enables
NAY seiting to the legacy STA based on the L-SIG fisld, and delivers other frames. PPBU can be configured without L-part. In
this case, the L-BIG fisid value may be set a5 a value from the last STA 1o a period in which the BS/Sounding frame i recaived.

3} Method of updating ihe control field included In the existing frame without configuring a new frams

A pre-procedure for UL MU transmission may be performead by updating a frame conirod fisid included in an existing MAC frame
without configuring a new frame.

For example, § a frame including a VHT control field {refer fo FIG. 10 above} is used, a reservad bit of the VHT conirol field is
set for UL MU {e.g., set o ™17 | in addition 10 exchanging control information of the VHT control fisld, bulfer slatus information
can also ba included. Thal is,  the reserved bit of the VHT coniral field is not set for UL MU, it can be used in the same way as
the existing frame configuration. if it is set for UL MU, the pre-procedure for UL MU ransmission {pre-procedure ) For,

in this case, the AF may request a bufier stalefsounding by sefting & reserved bit in the VHT control field for UL MU and selting
the MR sublield to 't

The B7A receives a requast from the AP through the VHT control field Ge., an mnvoluntary ransmission case), or at iis own
discretion (L.e., a8 voluntary transmission case), along with other existing information, as well as fields unnacessary for UL MU
transmission. Bufter statusfsounding report can be performed by changing for ransmission. For example, instead of GID & bils
(MFSHGID-L subdield and GID-H subfielg in FIG. 10}, # indicales buifer siatus mnformation such gs AC {(Access Calegory)
information (2 bils) and data size (4 bis). it can contain € bits,
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in addition, a buffer state for each 8TA may be checked using a signal (or frame) periodically ransmitied such as 3 beacon
frame.

For exampia, he AP includes channel stalus and/or buffer stalus request informabion in a8 beacon rame, and then reports the
buifer statys from each STA using a3 contention free-poll frame, elo, -i can be insirucied to include a channel stale andlor a
buffer state in an uplink frame using a conlention free-poll frame and the like 10 ransmit. In this case, the AP may always include
such channei state and/or bulfer siate request information in the beacon frame, oF may include only when necessary.

For example, when performing a pra-procedure for UL MU fransmission using 2 null daia packet announcement (NDPA) frame,
the NDPA frame may be configured as follows,

30 is a diagram dllustrating a Nuil Data Packet Anncuncement (NDPFA) frame according 1o an embodiment of the present
invention,

Referring 1o Figure 30, the NOPA frame is a frame control (Frame Conlral) field, duration {Duration} fisld, RA {Receiving
Address) fisid, TA {Transmilting Address) field, Sounding Dialog Token (Bounding Dialog Token) fieid, STA | may be composed
of an information 1 (874 info 1) field, an STA information n (ETA Info n} field, and an FLS field.

The RA field value represents g receiver address or an 8TA address for receiving an NDPA frame.

When the NDPA frame includes one STA Info fisld, the RA field value may have the address of the STA identified by the AlD in
the STA Inio fieid. For sxample, when ransmitling an NOPA rame o one larget STA for DL SU-MIMO or UL SU-MIMO channel
seunding, the AP fransmits the NDPA frame to the target 87A by unicast,

On the other hand, when the NDPA frame includes one or morg STA info fields, the RA field value may have a broadeast
address. For example, when transmitiing an NDPA frame to at ieast one target 8TA for DL MU RMIMO/OFDMA or UL MU
MIMO/OFDMA channel sounding, the AP broadeasts the NDPA frame.

The TA field value represents a ransmitier address for iransmifling an NDPA frame, an addrass of a transmitling STA, or a
bandwidih signaling TA {TA).

The Scunding Diglog Token field {or Sounding Sequance field) may be composed of a resarved subfield and a seguence
number subfisid.

The Socunding Diaslog Token fisld will contain information indicaling whether it 5 a pre-procedurs for UL MU transmission {lLe,,
sounding repod and/or butfer status information repord} or a pre-procedure for DL MU fransmission (L&, sounding repori). | can.

Tabie 10 is a tgble Hlustrating a Sounding Dialeg Token field according 1o an embodiment of the present invention.
Tabie 10
Refamng to Table 10, the legacy STA ignores the Reserved sublield.

if the vaiue of the Reserved subfield s 0, the HE STA interprets # as DL beamforming {le, DL MU transmission). And, as
described above, a downlink channel i5 estimaled through an NDP (or 2 Beamiforming Repori Poll frame), gnd channel
information is fed back 1o the AR through a VHT Compressed Beamforming frame.

On the other hand, i the value of the Reserved subfield is "1, the HE 8TA interprets # as UL beamforming (le, UL MU
fransmission). And, each 8TA transmils an uplink packet or frame to the AP so that the AP can estimate an uplink channel

Each STA info field may include an AlD12 subfisld, a leedback type sublield, and an Nc index sublield.
Tabiz 11 is 3 1able illustrating an STA Info field sccording to an embodiment of the presant invention.
Tabiz 11

Refeming (o Table 11, the Ne Index subfield may include gilferent information depending on whether DL MU transmission or UL
MU transmission s performed,

First, when the value of ihe Reserved subfield of the Sounging BHalog Token figld is ' {i.a., in case of DL MU fransmission), the
Mo Index subfield s a column of a compressed beamforming feedback matrix { column) number (N {in the case of MU-RMIMG)
or set as a spare subfisld (n cass of SU-MIRMOC).

Accordingly, the lsgacy STA or the B2 11ax STA {ie, the HE STA) feads back the estimated downlink channel information o the
AP through the NOP {or Beamiforming Heport Poll frame) raceived from the AP according o ihe No Index subilield value.

418



On the other hand, when the vaiue of the Reserved subfield of the Sounding Dialog Token fisld 5 '1" (e, in case of UL MU
fransmission}, the Nc index subfield indicates the number of sounding streams each STA should transmit, include,

Here, the number of sounding streams is interpretad as meaning to fransmit an NOP including an LTF field {eg, HE-LTF or HE-
midamble) as many as the number of sounding streams.

Accordingly, the 802 1ax 8TA (g, the HE STA) transmits the NOF including the UTF field io the AP by the number of streams
indicated by the Ne index subfield 30 that the AP can estimate the uplink channel Al this time, even if the STA capability
supparts up o 4 streams, { the AP commands o fransmit the NDP including the LTF fiekds for two streams Hirough the No lndex
subfield, the STA is in the No index suldfield. An NDP including LYF fields for two streans indicated by is ransmitlad 1o the AP

The thind method described above may be conficured with the first method or the second method. For exampie, channel
information may be transmitied and receivad in a firsl melhod, and buffer stalus information may be transmitied and receivad in
a third method.

FiG. 31 is a giagram #lustrating a pre-procedure for uplink multi-user Iransmission according 1o an embodiment of the present
rvention,

Referring to FiG. 31, the AP transmits a sounding andf/or buffer status request rame to 8TAs 110 ¢ {n is 2 of more) participating
i UL ML ransmission (83101

The sounding and/or puffer slatus reguest frame may be a VHT MNull Data Packel Announcement (NDBA} frame, a beacon
frame, or the Hke described abeova. In addition, as described above, a3 frame conbrol field of an existing MAC frame may be
updated and used without defining a new frame. In addition, a newly defined huffer status requestsounding request frame may
be usad.

The sounding and/or buffer status request frame may include information indicating the number of streams o which sach STA
should transmit the sounding and/or bulfer sialus frame.

Also, the sounding and/or bulfer status reguest frame may include order information in which each STA transmits the scunding
and/or buller stalus frame. For example, the sounding and/or bulfer stalus reguest frame may include information on the number
of sounding streams described above according 10 order information of sach STA.

When an existing NOPA (VHT Null Data Packst Announcemeni} frame is used as the sounding and/or buffer siatus requast
frame. is the sounding andfor buffer sialus request rame a frame for DL MU transmission or g frame for UL MU transmission? it
may include information for idendification.

Upan receiving the sounding and/or buffer status reguest frame, 8TAs 1 {¢ n ransmit the sounding andior bufier stalus frame to
the AP (83102).

STA 1 10 87TA » may iransmit scunding and/or buffer status frames o the AP in arder according io order informaiion indicated in
the sounding and/or buffer status request frama.

in addition, STA 1 1o 8TA n are sounding andfor buffer including the number of LTF {eg, HE-LTF or HE-midambie) symbols as
much as the number of sireams indicated by the sounding and/or buffer status request frame, The siatus frame can be
iransniiited to the AR

Orn the othier hand, the PPDU carying the sounding andfor buffer status request frame may include an L-part so that the legacy
STA can sel the NAV based on the L-SIG field value, but the sounding and/or bulfer siatus frame The PPDU carrying the L-pari
may or may nol include the Le-pari. i the L-pad is nof included, it can be composed of only HE-SIG fislds {(or HE-SIG A and HE-
SIG B), HE-BTF, and HE-LTF, and if additional PSDU exists, the data field Can include.

in addition, slhough not Hustrated in 83101, as shown in Fi3, 28 or 29, the STA afier the second order may transmil 4
sounding and/or bufier status frame io ihe AP after recening a poiling frame Brom the AP For example, i the STA in the firsi
arder transmils a sounging and/or buffer status frama 1o the AP, the AP ransmits a poilling frame 1o the 8TA in the second order,
and the 8TA in the second order polls § Afler receiving the frame, the sounding and/or buffer status frame may be transmilted fo
the AP 87As after the third order may also procesd in the same manner.

Thereafter, the AF may acguire channel siate information and/or buffer stale information through sounding and/or buffer state
frames received from sach STA. Further, UL MU resources (eg, a stream for sach S7A in the case of UL MU MIMO, and &
frequency/subcarier for gach STA i the cass of UL MU OFDMA) may be allocated o sach STA based on the obtained
information.
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General devices 1o which the present invention can be applied
32 is & block diagram Hlustrating a wireless device according io an embodiment of the prasent invention.

Referring to FIG. 32, an apparatus 3210 according to the present invention may include & processor (processor, 3211), a
meamory (memory, 3212}, and an RF unit {radio frequency unif} 3213, The device 3210 may be an AP or a non-AP 8TA for
impiamenting an embaodimant according io the present invention,

The RF unit 3213 may be connected to the processer 3211 to transmitireceive radio signals. For example, # is possible t©
impiamaent a physical layer according 1o the IEEE 802,11 system.

The processor 3211 may be connecied o the RF unit 3213 to implement a physical iayer and/or a MAC layer according to the
IEEE 80211 system. The processor 3211 may be configured {0 perform operations according o varicus embodiments of the
present invention. in addition, a module for implemanting the operation of the AP and/or 3TA aceording o various embodimenis
of the present disclosure described above may be stored in the memory 3212 and execuied by ihe processor 3211,

The memory 3212 is connecled o the processor 3211 and stores vanous types of information for driving the processor 3211,
The memory 3212 may be included Inside the procssser 3211 or installed ouiside the processer 3211 and connecied 1o the
processor 2211 by a known means.

in addition, the device 3210 may have a single antenna or multiple antennas.

As desoribad above, the specific configuration of the device 3210 may be implemented 3o that {he above-described various
embodiments of the prasent invenlion ars appliad independently or bwo oy more ambodiments may be apphed simultansously.

The embodimenis described above are these in which components and features of the present invention are combined in a
predetermined form. Each componeni or feature should be considered oplional unless explictly siated otherwise, Each
component of fealure may be impiemented in a form that is not combined with other components or features. in addition, # is
also possible to constifule an embodiment of the present invention by combining some componerds and/or features. The order
of eperations describad in the embodiments of the present invention may be changed. Some configurations or fealures of one
smbodiment may be included in clher embodiments, or may be replaced with comesponding configurations or fealures of other
embadimants. it 15 obvious that the embodimenis may be configured by combining claims that do not have an explici cilation
relationship in the claims or may be included as new claims by amendment after Hiing.

The embodimeant according to the present invention may be implementad by various means, for example, hardware, firmware,
software, or a combination theraol. In the case of implementation by hardware, an embodiment of the present invention is one
or more ASICs (appheation specific integrated cirouitsy, DSPs {digiial signal processors), DEPDs (digital signal processing
devices;y, PLDs (programmable logic devices), FPGAs { field programmable gale arrays), processors, controllers,
microoontioliers, microprocessors, efe,

in ihe case of implementation by firmware or sofware, an emboediment of the prasent inveniion may be implemented in the form
of modules, procadures, functions, ete. thal perform the functions or operations described above, The sofiware code can be
stored in a memery and driven by a processor. The mamory may be lecaled inside or culside the processor, and may exchange
data with the precessor through various known means.,

i is apparent to those skilied in the ar that the present invention can be embodied in oiher specific forms withoul depariing from
the sssential features of the present invention, Therefore, the above detailed desoription should not be construed as restrictive
in afl raspents gnd should be considered as lHustrative. The soops of the prasent invention should be detenmined Dy reasonable
interpretation of the appendad claims, and all modifications within the eguivalent scope of the preseni invention are includad in
the scope of the present invention,

Although the uplink mulli-user fransmassion scheme in the wireless communication system of the present invention has been
described mainly in an exampie applied to the IEEE 802.11 sysiem, # can be applied {o various wirsless communication
systems otherthan the IEEE 802 11 system
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(57) Abstract: The present invenfion provides a method for multi-user uplink data transmission in a wireless communication  system
and a device therefor. Specifically, a method for multi-user wuplink data fransmission in a wireless communication system comprises
the steps of. receiving a sounding request frame from an access point (AP) by a station (STA) Jand transmitting, by the STA, a
sounding frame to the AP in response to the sounding request frame, wherein the sounding request frame may include information

indicating the number of streams through which the STA should fransmit the sounding frame, and the sounding frame may include
as many long ftraining field (LTF) symbols as the streams.
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dHo| BE R S AEAM OHE MER 4T 2 ololH

HM& 2 S8t WH U OB Bt A

(1] EUE2 FH SAUAAH 2E Ro2 X, Bt & MSHA Cf S
MERL (multi-user) 2| & F@3 O IEi TsE X Hs7l /i g H % o|E
K| #stes & xlof 2§ Zojct.

1

Wiz 7ls
(2] 2} o|Z} O|(Wi-Fi) £ 24GHz, 5GHz £ £ 6 GHz Fut$ ol 21717}
ClE{Yof M= 7l s5t7 8F = WLAN(Wireless  Local Area Network) Z|Z O|C}.
[3] WLAN-> IEEE(institute of electrical and electronic engineers) 802.11 3% =0l

7|8k 8tCt. IEEE 802. 112] WNG SC(Wireless Next Generation Standing
Committee) = & All CH WLAN(wireless  local area network) 2 &7 Mo 2
o BlstE oHlex 2| ¥ &l (committee) O|C}H.
[4] IEEE 8021 In2 UIEI o £ MRIEE S7IAl 7|1, 24 HE 3 9
29 Helg #F33csd SH8 §1 ch Bl FMNe 2, IEEE
802.11 n0ll A = =|cH 600Mbps Il O|E| & 2| & & (data rate) & Al S35t=
1 X 2|2 (HT: High Throughputy 2 X|¥stH , £ & TS olHE = A ststn
Clole £ =& %IX355l7] 26l & AR 48 e 5o OIS eHE|LE
Al &38tE MIMO(Multiple Inputs and Multiple Outputs) Zl=o0f Z|8t2 S 1 Qlct.
[5] WLAN o] 20| &4dstxln & 0|8 o|& & o{&E 2l7 0|4 o] c} &5t E ol
ek, Z1% 212 (VHT: Very High Throughput)y 2 X|&st= &b Al CH wLAN
Al AEIE IEEE 802.1In WLAN AlAEIo| & HE 22 A |, IEEE 802. 1lac 7}
ME A NS At IEEE 8021 lac £ 80MHz CHE T W/ EECl =2 HYE
M& (08 S04, 160MHz) 2 S8l IGbps Ol&te| HIO|E| # 2l &£ X|§HstD
F 2 5 GHz CHY oM &= = &t

[6] %2 0= IEEE 802.1 lac O] X| sl O|O|E AMEl £ EHC o =2 ®elss
X5tz 21t M2 2 wiaN  AlA "ol cHEt 2R ol chF =l1 ch
(7] & |EEE 802. 11ax £ &= T EE (HEW: High Efficiency) WLAN 2t1 £ 2l&

At M CH wiaN A EC] 2 §0IM F2 = ol &l = IEEE 802.1 lax 2| H ?|(scope) = 1)
24GHz % 5GHz S 2| CH 20l A 802.11 PHY(physical) S 1 MAC(medium access
control) 7|5 o] &4 2) AHER FEM (spectrum efficiency) I} B MFFE (area
throughput) &4 3) ZHd AA7F EXfsie &2, Y& o|F
H E 9| 3 (heterogeneous network) & Z L =2 AISA st EXlsts @30
Z2 AN AN EZE U AN Ao d528 T4 S22 x & &l

(8] IEEE 802. 1lax 0l =2 1 2 &l = AlLL 2|2 & AP(access point) 2}
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[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

STA(station) O B2 LUE # Z O|tH, IEEE 802. 1lax = Ol2i&t & &0 A AHEH
& 2 (spectrum efficiency) I} & 7ZF TN&SE (area throughput) 7HA0 CHai = o] Stk
5ol A rZ ¥ ek ofL|E Z7I&E WLAN ollA B o] kK| &t E A2
gdoHdel AEN o5 Jliddo] a2 T EICH

IEEE 802.1 lax Ol = P M 2 T| A (wireless office), AOLE & (smart home),
A EHC| 3 (Stadium), AT (Hotspot), T/ OLILE (building/apartment) °F Z &
AlLt2l2o] #aola o, siHE AlLt2lR 7IEe2 APt sTA 7F B2 L
HEME AlAE Hds5 ool st =27t ==&l UCH

Yo Z IEEE 802.1 lax 0l A = 3tLE2| BSS(basic service set)0flA 2| EH 23
EFatE CH=, OBSS(overlapping  basic service set) B B oA 2] AlA 8 M s
ol M| B A Ms VM, a2ln MER| 2 T2Z (cellular offloading) S 0l

gt =2o| 7} g Zdo=2 o4 Eick o|e{8t IEEE 802. 11ax 2l B & H 2 XAl CH
WLAN O] 7 o|5 S4int |AIEE Tl HRE Z4 €2 elnlgt =2 A S
Al(small cell) 2! D2D(Direct-to-Direct) S & FHolM ols S48k wean 7l 0|
BN =oxln U H4ES 1nedsl 2 m, IEEE 802. 1lax = 7|8 & Xk Ml CH
WLAN I} O|& S4le| 7|l Y A X 882 CS gdaizE Wez2 ols Ech
o o o| A M B A

8 0% ox
o o

ZlE™ kA
2dZo sM2 Fd S ALHAM &EZI O S ASX (multiusen) TS
YdS M ettt
F3 2 WHo S22 M B A AA-HNA 4B 3 OHE 8K HES
I MY SR BE 2/EE HY **EH YE S 98 A HAE A eHEh
Ef B YHO S52 FM SN AAHM 4R A O F
ALS i- z %._F_EJIO‘ FEE Met#ict

r|r ﬁ

7l H HANES2 oldoM AHZE == BANER
| %._*EIKI 9¢2EH, HESHX| 2 =2 ZIe™H UXES otelel ZIRMZREE &
wWHO| H5t= 7= 2ok S4el XIAS 7HE XHol Al HESA olshE =
qAe A olct.
oA A e

2 ddo A a2 M L AlAHAM CFE AFEAL (multi-usen & 33
Cl ol M&2 & 2ol Qo{AM, STA(Station) O] AP(Access Point) 25 E]
ANl 2E T US sLlets BH L & 7]IsTA O &7 ARE 28 Z 8o

Ciet 8EHSZ AR2Y ZoUS 4 7IArPdA H&sE BHE Z&stn, &7
ARE 2E T A2 & 71sTA Ol &7 AIRE Z e TSl of et =
AER ol M8 KIAlStE HES ZEHSIH , &4 7] AI2E Z g &7
AER| o 7§58t LTF(Long Training Field) &&= Z&E =+ Urh

2 agoctE o ga2 FH S AlA—AM CFE AFEAE (multi-user)
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(17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]
[25]

AtsF2l 3 ool &2 2IF sTA(Station) ZHx|ofl YoiMd, M AEE
& = MSl7| 2|8 RF(Radio Frequency) % U Z 2AMA & Z &stn, 47|
Z 2 MM & AP(Access Point) 2FE AIRE & Z lele =451, & 7]

ARl 2 Z YU s SESZ AIRS Z YU A7 APoA
THEID, A7ARE SH ZYH U2 A 7|sTA O &7 AlRE =
HE ol st AERL -8 XIA|sSte BEE ZTEStL, 47| AI2Y
Zzd2 47 2AER 2] Ji5BHE LTF(long Training Field) &2 &8 Z &g =+
2lck

HIZHE] 51 A, A 7| AIRE 28 Z B2 47| AIRE 23 Z gflo] Azal g
ClolE T& 2 et AIRE S X|AlsHZ] /It HEE Z§E += rt
HIEEE SHA, 427 A RS 23 Z Y2 vHT A Oo{(VHT Control) ZE=9|

[
MRQ(MCS(Modulation and Coding Scheme) feedback request) M E ZE L AF 7|
Fet2l g Olo|E| T4 8 Qe AIRE 2 X|AlsH 7] Izt HEE Zosr £
Jl

00>‘

>

A

HIZHE] 1A, 47 AIRE 8 Z o2 AIRYE Clo|gd2a & & (Sounding
Dialog Token) TE L 47| &4 %233 CiolEH & & st AIRE 2 FHS

XIAlsH7] I8t HEE Z§tg = Uch
HIZHE] 5t A, & 7| AR Y Z | 22 L-STF(Legacy-Short  Training Field),
L-LTF(Legacy-Long  Training Field) 2! L-SIG(Legacy SIGNAL) ZEE A lst1,
HE-STF(High Efficiency STF), HE-LTF(High Efficiency LTF) 2 HE-SIG(High
Efficiency SIGNAL) ZHEpo=z A E == lCh
HHEHE 5t A, &4 7| AIRE 23 Z o2 47| sTa 2l H & Ej HEE
LYV et WEE T Etstn, &7 AR2Y Z U2 o 7] sTA 2 HIH 4 El
HEE Z§e = ok
HFEEE] 8H A, A 7] HI] AtE HE & A 7| STA O] Ti&sE AteFal 3 M| olE| o
AC(Access Category), & 7| & €23 OlolE = 7|, & 7| &&23 dlo|H 7}
A E F(queue) 2l 27|, A 7| AE2la Olo|lE| &0l CHEF ¥ I (backoff
count), &t 7| & E23 d ol ™&ol| CHEt Z & RIS (contention window) S
Ho{x o{L FLle] MEE ZErst o lch
HHEE] 5t A, & 7] AR Y 2 & = 2| 12 NDPA(Null Data Packet Announcement)
z g £ ok

HIEE] 5t H|, AHR S Z Bl 212 NDP(Null Data Packet) & = RUCFH

B2 Yol o8 U g2, FM 84 AlAHM ct S AFR X (multi-user)
Agral 3 diolE & st ol QoiA, AP(Access Point) 7t CF S AL X}
aFgf2la dio|lg| T&sol #o43= sTA(Station) O Al AP:’E' eHTIYUS
HM&ste A, 4 7IAP7H 4 7IsTA 2L Z2ZRE 47| ARY 28 = ol
SEHoZ ARY TS A5t BHAH LU A7 AIRE 2 Z U2 A7)

STA Ol & 7| AR Y Z B US T&s6H of 6t= AE &2 I8 XIAlste HEE
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(28]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

EZEetH, &7 AREY ZAde 47 AE &l JH=8F LTF(Long Training
Field) & Z&& = Uch

= dHe ECE € 42, F4 S8 AlAEHoM S AEX (multi-user)
Asr2l 3 ol ole &2 22 AP(Access Point) E x| ol QoiMd, T4 AEE
& 4= ¢l8t7| 9| 8 RF(Radio Frequency) % X = 2AMMH & = & stn, 4 7|
ZR2MNME CIE AMSK A3 dolE s FostEsE 539
STA(Station) o 7l M2Y QH = YUS8 s sn, &7 STASZEE 4 7|
Aee QA ZH UM CHE S EHo2 ARY Z UL $AGGEE FMHE T,
A7 ARY QEZH U2 47| STAO 47 ARY Z B YUS Tssl of st &
AER ol M4+ B XAlstE HMEE Z #sin] 4 7] AIR2Y T a2 &7
AE3 o] J{£EZ LTF(Long Training Field) & =g & .ct.

BHEHE a2, 4 71 APIF AIRE Z O Yol ©HEs8 R ™ 7| flstod o & ALSA
A ealg o ole Tsol #odstE M2STAOH & (Polling) Z ElYE ®SstE
A AT AP AT M2STASRRE 47| 22 Z ol S ez AM2Y
Z Y US solete EBHE o ZEg £ ok

BHRHE 8H2, 4 7] APZF A 7| AIRE ZHeE S SHE A4¢E 2 44
HEE 7|gtez 47| sTAO &4 23 M A2 #Yscs BHE o Z#g

[+]1]

4

% Aot

s EHe &1

2 2Eo dAloof w2, FH S ALHUM HE CHE ST AEY
EE Fus AN A2 Ss 423 ot E ASA (multiuser) TES g
+ Uk

A
EEH 2 o Ao maH fM
_‘lD_

MEe S8t M AE MY WEE B A MEE 7 |goz A4 ¥A3 O F

ABX TaS HES| +#g 5 Uch

=8 B ol MAoo] M2 A EA AAHAM A AT I ASK

HMag St ZalY TEE Moz AR O F ASK nssS HES

S8y & Uch

B YdolM ¥e 4+ s 2iE o4 oM o= =2 N #Elx| ofon

oigstx] e L b2 0SS ofaiol VM REE B % Eo| fae

J1& & okl SAOl x|Alg 7HEl xofl Al HWESA OlSHE & e Zolct.

TcHe| ZtEEH AW

Egool @ olaiE S ol A ME AEo U¥2 EEE =, MY Dpe
| 71& =

E dHo e AdAE M3stn, dAHE I #H 2 dHL
=

T 1 2 ddol Mg E £ UE IEEE 802.11 A|lAHCe LU E LEIUE
9]
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[35] T2 B dEO HEE = U IEEE 802 11 AlA &l AS ot 7| & % (layer
architecture) 2| #+Z& Oi|Alst= = ™ olct.

[36] E32 B dHEOMEE = U FH S AAHS non-HT X % PPDU % HT
X 94 PPDU E Ofl A| BHCL.

[37] T4 B L BOlMEE = AU Fo B AlA”e VHT =X U PPDU EZEUs
of Al EtCt.

[38] Ese g ddHo HMEgE = s 7o S84 AlA=”e PPDU 2 ZUE F £357]
2| & 44 & (constellation) & Ol Al &= = ™ olcC}.

[39] D62 B YdHO HEE = Ues IEEE 80211 AlAECSl MAC = gl ZUES
of| Al EFC}.

[40] 7 B LdEHOHMEE = U FH S AAHAHNMH MAC Z Y W Z Y
A 0 (Frame Control) ZEH=ZE o AlstE= = ™ olct

[41] T e EddHOHMEaE = U P S AlAHoA o Wex =79
zg Y s Hxtg MHAYst o flg =@ olct.

[42] T 2 dHO HMEE = AUes P 8¢ AAHAAM IFS BAHE oAlste
= oolch.

[43] E 102 B YO MEE = U FH 4 Al HolM HT Control EH=2|
VHT EUE o Al &t}

[44] T 11 R YBEoME8E = e T S84 A2 oM ®M'E A2E (sounding)
gHE ey e 2 el & T Holo,

[45] Eres 2 dBOMBE = U T 4 AlA2HolM VHT NDPA Z B HE
oAl st & & ™ olct.

[46] T 32 EgddEoME8E & Us P E4 AlAEHolAM NDP PPDU 2
ol Al 3t & = ™ olct.

47 E U 2 UdZEolME8E = U T S Ao VHT 5E
8l A (VHT compressed beamforming) = 2l & ZUHE o|Alsl= =™ olCt.

[48] E 152 B YBOMHEBE = Us T S AAHoMH Hxd ED
& (Beamforming Report Poll) Z 2l Z o2 o Alst= = ™ olC).

[49] T e 2 YdHEO ME8E = e F4 B4 A A HollM Group ID Management
Zode oAlSHE = ®™olct.

[50] ST E Yo M8 + AU PM SAM AA”HMM SEAI COS
A A (multi-user) PPDU ZOUE o AlstE T ™ olct.

[51] E s 2 YO MEE = U T S AlAHoM s & 23 MU-MIMO
MEs BHe dAlstE =®olct.

[52] E 19 WX =232 2 Y4 Eol A MAloof o} & HE(High Efficiency) XE 94
PPDU & o Alst = & ™ olCt.

[53] E24 B ¥ Eo A MA@ E HE Z % PPDU HE S & 214

3| ™ (phase rotation) 2 0o A| tC}.
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[54] ToseE 2 HEo U MdANO ME &S I O E AFEX (multi-user) TS
HAHE oAl = Holct

[55] T 262 2 YHO| U AMA|o] wE AR I C}S ALSK (multi-usen) TH
HxtE olAlstE = ®olct

[56] To72 2 YHo| U AMA|of mE AR I O S AR (multi-user) TS
2ted 512l 3 pPDU FZEZE oAt E = HoO|CH.

[57] T 282 2 wHOo| 2 MAldof [HE 482 3 OFE ASA (multiuser) TSE
et AF ™ & &} (pre-procedure) 2 OlAl = = HHo|Ct.

(58] T 298 E wHO| A AMAloof ME AR I S ALSK (multiuser) TS S
2|8t AF T = & (pre-procedure) & Of|Alst= T & o|Ct.

[59] T 302 2 2 Ho| 2 AA|oflof [} 2 NDPA(Null Data Packet Announcement)
ZHUS dlAlstE = HolCt.

[60] T 312 2 ¢ Ho| 2 AMA|ojof (2 AR I S AKX (multi-usen) TSE
et AF A A &} (pre-procedure) £ OlAlEH = = ™ o|Ct.

[61] 32 2 dHo A MAAAME PH FXE dAlsteE EF50| .

ol MAIE 98 HEY

[62] Ol5t, 2 WHol e dtEE 8 AA Hellg HEE THE T ZEstod & AMsHA
MEECH HRE =oHnt &7 olstoll 7HAIE & MEt dHES 2 2HO| of A=l
AMAEENE HMHS DA st WolH, 2 HHO| AAE = JUeE s UE
MAIEENE LIEfL) XL 5tE Zd 0] otL|CH. O|5te| &F M Et MBS 2 W HI
EHH‘EF O|HE AM335t7] M F+ A= MFAES ZEECh a2t 8 dxke=
2 aHo| ol F A MEPEAE oz HAIE = ASE 2ot

[63] HH ZH, 2 U4Ho| Jl¥ol 258X = RE quUI flstod SX|e 7= &
R Mg AHL, 4 2 U AR HATIS Moz st E8x HAo®
T AIE = Aot

[64] olstel HHOUM AIESEl = ST 8o{E2 2 £ HO| o|alE &7| fISHAM
M3%E ZolH, O|lHE SEH EE0{2| A2 2 Y Ho 7|5 ALA S BlofLtx|
et HelolAM ct 2 Eel2 W3 E = UCh

[65] o135t 2| 7| = 2 CDMA(code division multiple access), FDMA(frequency  division

multiple access), TDMA(time division muliiple access), OFDMA(orthogonal

frequency division multiple access), SC-FDMA(single carrier frequency division
multiple access), NOMA(non-orthogonal multiple access) S 1} ZF2 CtYdt £
H& AlAEo] 0|8 & &= UCH CDMA = UTRA(universal  terrestrial radio access) L}
CDMA2000 I} Z& £ 4 7|5 (radio technology) 2 F3E =+ UCt TDMA £
GSM(global system for mobile communications)/GPRS(general packet radio
service)/EDGE(enhanced  data rates for GSM evolution) 9 Z 2 £ J|=2 F3HE
= QICI. OFDMA & IEEE(institute of electrical and electronics engineers) 802.11

428



WO 2015/199306 PCT/KR2015/000996

[66]

[67]

(68]
[69]
(70]

[71]

[72]

[73]

[74]

[75]

(Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802-20, E-UTRA(evolved UTRA) S It &2
2M 722 FHE = 2ch UTRA £ UMTS(universal mobile telecommunications
system) 2| &5 O|C}. 3GPP(3rd generation partnership project) LTE(long term
evolution) € E-UTRA E A 83t= E-UMTS(evolved UMTS) 2| LR ZM

&2 FolA OFDMA & AMBstn o2 ol SCFDMA & A S Fhch
LTE-A(advanced) = 3GPP LTE 2| & & olcC}.

2 Yo MAloES M HS AlAEEQ IEEE 802, 3GPP X 3GPP2 &
Mol stLtoll JHAIE EE BEAME0 s HEHE = Uk &, 2 & Ho
HAlolE S B dHEo 7l MdE EHI =T fls dBskX| @Fe
BHE T FEE 2 d 7] 2Msd ol KT EE = Ak EE, B 2A0AM
HMAIStE UYeE ZE SHES Y I EE EMol osf dEE += dct.

HHEE WESH 7| 26, IEEE 802. 11 AlA RS IF 2 J|&sx| ot 2
gEol 7= & o olof MEtels R otLlCt.

Al A &l el bk

T 1 e ddEol ME £+ Q£ IEEE 80211 AlAHo]l 3 E LElHE
E ™ olct.

IEEE 802l TZXE S=xHe FHERALAEE FEE = Yn, ols9
H 5 A0 ofd HAS o el E HA o 3 E (transparent) £ A Ell Ol M (STA:
Station) O|S & & X|elste T S84 Al2adol HEBE == Ut 7|18 HHla
K| E (BSS: Basic Service Set)= IEEE 802.11 AlA & oMo 7|8 &Ml 7 44 E=of
g & = Uch

T 10l e 37Hel BSS(BSS 1LHX| BSS 3)7} ERist L Zfzte| Bss o HEHZ A
27He| sTA O]l Z & &l= W (STA 1 % STA 2 = BSS 10| Z & &|7,STA 3 ¥ STA
4= BSS 20fl Z & £, STA 5 2 STA 62 BSS 30| Z &%) 2 clAIXMe =

= Al gtoh
T 10X BSSE U EILHE EMRe &g BsSso XE#E STA & 0| S48
SKlsteE HHEIR ¥ LEILHE Zdez2x olsiE = lct ol ¥dd¥e 7|

MH|lA ¥4 (BSA: Basic Service Area) Olgt & & = 2ICt STA 7} BSA He=z
o|SstAl =/ sl BSA el I8 STAED EHd™doz S48 = giA Sk
IEEE 802il AlAH®oM 7HE 7|2 Ml Bl 2ol BSsS= 5 2 & 2l BSS(IBSS:
Independent BSS) O|C}. o & £ 0{,IBSS = 2 7§ 2| STA Bte2 F M F %[ 9|
HEls 7HE = Qo =E#, JHE Eredt HElo|ln Ol FH A0 MEFE of
UQE &£ 12/ BSS 30/IBSS o CHE A Q1 ol Alofl 8f & & =~ Uch olds 4
STA & 0| EH SAE £ e B ol 7tssich =g, oledg HElol LAN 2
ozl Algsloid +FHElE ZolotLlat LAN o] EHedt ZA=o FMHE = UeH ,
O|E Ol=-% (ad-hoc) HESR 32l EE =% lCh

STA o] #H K| HLt 7H &, STA 7} BSS ¥ Hofl S 0{2 HLt L2 S ol o & A,
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[76]

[77]

[78]

[79]

(80]

[81]

BSs oM ol STA o] HiHAlol S Mo 2 HZAE 5= lch Bss e H w7t 5l 7
i =,sTAE 52|18 B H &8 o|8stof Bssof = Q& = ot BSs 7| g
Txo| BE MHlAM YM AT fIs{AE,STA & BSS of

?1 7| (associated) Tl 04 of gtk O] 2 & ¢4 H|(association) = S Mo 2 MHEE =+
i, £ Hi Al A B M H| A (DSS: Distribution System Service) 2| 0|2 8 Z&EE =+
ct.

802. 11 Al A ol M E A ¢l sSTA- CH-STA 2| H2l= 8 2l A & (PHY: physical)
Msol olai A Mt == Uct. ofHE ZRol= olgd Helo # A S8
= Ux|gt, Bl metMdeE Bt M HEl2l STA zHe| Silo| HeE =%
ict. #HEHE HHEIXIE x| 57| IsHA £ B AlA 2 (DS: Distribution
System) O| 7 & & =+ UCh

DSEBSSEOl 4% dAXE FZE 2o 0|gct FAH22 T 13 Z 0l
Bss 7t 5 BlMo & ERlste chdlol, S+JielBssE2 T+ & HE 32
el "HElo T ARM BSSVFEME == Uch

DseE =al™ ¢l 72H'dolod € B Al & & Of Al (DSM: Distribution  System
Medium) o S ol olais §HE = Uct ol2 g 7dstod | IEEE 802.11
E =0 = £ M ol &l (WM: Wireless Medium) 2F £ Hi Al A & oOf & (DSM:
Distribution System Medium) € = 2lXM o 2 T Estn ct ZiZtel] =2lXd ol &
Aolgr FME M ASEl O, & ol FMH 40 o di M AHE ECL IEEE
80211 EFEL2| HMoloME oldet ofAS0| sUst ZdezZ A sz g
4 o|gh Wez HMESXIx gtech olg Z ol SIio HAEo =2HMaz2
4 olsict= H™ollM,IEEE 802. 11 A|ARI0] T XE(DS 7+ EE=Cf8 UWEYZ
Tx) o gedd ol dHE = ck =, IEEE 80211 AlA ® FxE  CF g5t
THE + e, e FHoeo BElMA S0 oEiM SERHMRE Y
AMad T EI5HE = ch

DSE S+ 2o/ BssE 9| & & 8lE=(seamless) S22 XN Bsln S XMx| 2 o
o= ellag CiFe do Eest =2lx MEl2EE8 MIB3E22M ols e
X#Hg + Ach

AP, dAHIE sTAEOM el WME Sl DSE o] HMAE 7tsS8tH st
STA ZIs/d & 7txl&= 7l & <lol&tct. APE SdllAl Bss X Ds 7t 2| ol OlH
olsol =8E = ct o0& S0, & 10lAM = Al5t= STA 2 & STA 32 STA 9
ZlIsdE 7IXIHM, HH E STA E(STA 1 X STA 4)7} DS2 HMHA =8 &
75 € M= gt =8, ZE APE ZI2XMo R sTAM SHE 22, 2 E APE
of=gla JbksE JHA olck. wMm Moo SAlE 26 APl QM ABEIE
o= Bllagt DSM Aol ol SAE s APo 2l A E &= o= Blas
oAl S8 EHeEsE gich
APOll A E STAE 2ol stLH2FE I APS| STA o{=EBlAaZ2 B Ele
ol ol =, & 4 dH| Al o] X E (uncontrolled port) ol A %= 4l &| T |IEEE 802.1X X E

30
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(82]

(83]

[84]

[85]

[86]
[87]

[88]

UM A JHA|o el X e2l' = Act EFH K o] E E (controlled port) 7}
CIEE| H M& MlolE(EE =l )E D2 MMEE = ULt
ol Ol@rbitraryy A 7| X HEHEE 7IXl= M UHERI 7 Ds UWBSSER
T A= £ QUct IEEE 802. 11 AlA oA = ol2{8t W Alo HE Q3 E &HEE
MH|A M| E(ESS: Extended Service Set) HE {3tz & &tct. ess&= stLtel
Dsof HAEE Bss 2| EEM e = ct. 2Lt ESs= DsSE X #EHX|=
¢i=rt Ess WE 3 &= =2l @3 XMof(LLC: Logical Link Control) 7|5 0fl A
IBSS HIEQT 2 Ho|ls ™Mo| S&o|ct Essoll ZEH T = STAS2 M2 SAE
+ A1, 0|5 sSTA E2 LLe off ERHA 1l - E (transparent) 5t 2| 3tLt2| BSS 0| A
CH2 Bss 2 (5 YEHESss LH01IA-I) ols g = Uch
IEEE 802.il AlA®IOAME T 10M2BssE 2l & =2l x|
CHSH M ofF R = 7HE 6K °I°D4 Ctot 22 el 2 5 7t sstoh
FAHHoR , BsSSE2 FENoR SHE + U1, o= ¢y ¢ HHEIXIE
M33t7] /s Ut Moz 0| &l= HEjo|ct. =8 BssES 22Xz
HAAE|0] UX| S = AU, =Cl=H2ZEE BssE ¢tel Helo Al &2 gict
et BSSER2 EEIE.QE %"Eé xlol fIxIE 5= (1, ol
2l HEA| (redundancy) 2 M 3357 fIsiAM ol & &+ k. =& stLt (2= sHLE
O|4 9]y IBSS = = ESS L-II —‘.’—J %OI StLE E= O old el Ess HERIIZRAM
S Z7ho] EElFe =z H & %= 2lct ol Ess WE =37 EMse
2| x| oi| ad-hoc HWIE &3 7} % tot= B Lk, 2 0|8 7| & (organizations) 01! o M
scldMo 2 S K= IEEE 802.11 HESR 3 50| FHE= E2L, sYUE
2IxlollM 2 o]ak o] &F O|8F HM A LU Eot HAMo| ZRFt ZL SoiA 2 ESs
HERZ Hefol siEE = Uct
WLAN AlA EH oA STA 2 IEEE 802. 112]| OH Al < A o{(MAC: Medium Access
Control)/PHY T & of 2t & & st= & x| olct. sTA 2| ZIS OlAPR VMo 2
Eg|X] ¢f= B, STA = AP STA I} H|-AP STA(non-AP  STA) 2 Z&& == QlCl.
Ctok, STA B AP ZHOl S Al o] =& EICtD & Off, STA £ non-AP STA 2 2 0|5 =
= ct T 12| of|A| oA STA 1, STA 4,STA 5 2! STA 62 non-AP STA Of
sHEst, sTA 2 & STA 32 AP STA of &S &t

Non-AP STA &= HEN HAFE, ols Ta7| o Z o] Yt Mo = AEX 7 &Y
ctR = & xlof sHEstch o|5t el ME oA non-AP STA & £ A ZF x| (wireless
device), EFZ(terminal), AFS X} ZH X|(UE: User Equipment), O[S = (MS: Mobile
Station), O|= EF2F(Mobile Terminal), 41 B2 (wireless terminal), 74 &4l
S LI(WTRU: Wireless TransmitReceive Unit), HIE /3 Q1| H o|A ZE %] (network
interface device), MTC(Machine-Type Communication) & %],
M2M(Machine-to-Machine) B Sz 3E =5 ct

e AP=ECHE 4 84l BoFollM 2] 7|X|= (BS: Base Station),
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[89]

[90]

[91]

[92]

(93]

[94]

[95]

= £ -B(Node-B), ZTE L E-B@eNB: evolved Node-B), ZIA &4l AlA EH(BTS:
Base Transceiver System), HE 7|X|=(Femto BS) Sof cHEst= 7H'do|Ct.
o|5t, 8 HAMolA 52 3 (DL: downlink) = APOIA non-AP STA Z 2|
S48 29|05t H, 4 &3 (UL: uplink) £ non-AP STA O|A APE2 2| S4IS
ojo| gtct. stEFE T S ATIE APLS YR ol , =41 7]= non-AP  STA 2]

olg % = ot AsF2l oM & Al 7= non-AP STA 2| Y8 o|lZ, £=4l7|=
APo| dfd = Rlrt.
T2 B WwHEHo MEE = QU IEEE 802. 11 AlA Elo| H S o} 7| &l & (ayer

architecture) 2| + X & Of|Al5t = & ™ olCt.

T 28 T X 5™, IEEE 802.11 A|lAEIC] H S of7|EHX = mMac BHS (MAC
sublayer, 210) I} PHY $H|S (PHY sublayer, 220) 2 Z &8t £ lc}.

PHY sublayer(220) £ PLCP(Physical Layer Convergence Procedure) 7H&l(entity) 2}
PMD(Physical Medium Dependenty 7HA|Z2 F+8E =% RUcCt O] <, PLCP
INM = MAC sublayer @ CIOJE Z 8|2 45t = Q&S s=&stn, PVD
JMAE 270 £&= 1 olate| sTA I} HIOIE|E Moz S5 Alste eSS
= @ &tct

MAC sublayer(210) I} PHY sublayer(220) 25 22| 70 & (Management Entity) =
ZEE £ Ao, ZtZt MAc MEHS 2l ZHMI((MLME: MAC  Sublayer
Management Entity, 230) ZF PHY A E AH|E 22| JHA(PLME: Physical Sublayer
Management Entity, 240) 2 X| &8 == QlCt O|& 22l 7HA (230, 240) 2 HIS 2t el
o SE2 S8l HAS &2 MU|lA Qe H oA E M3 doh MLMEQ30) &
PLME(240) 2} 2472 |0 MAC sublayer(210) 2| & 2| = ZF(management operation) 2
=g £+ Q3 orEJLXI2 PLME(240) T MLME(230) 29} 24Z%| o PHY
sublayer(220) °| 2t 2| & = (management operation) 2 = & = 2lC}

He gt mac SEZ2 XM 35H7| @5t o, sSME(Station  Management Entity, 250) 7}
Zt sTA LHo| EXHE == RUCt sMEE250) = ZF AS 1 5 & el JHAZE M,
MLME(230) 9} PLME(240) ZFE A3 7|8 & e HEE £ & Huk 24 AHAIS 9
S3 melol e g2 kS A sME@R50) &= YU AlAE 22| JHAES
CHalstod oleidt Vs sdE = o £ F el X225 22 7 3HE =
AUt

MLME(230), PLME(240) %! sSME(250) & X 2| 0| E|E (primitive) & 7|HIS =2
Ctet wto 2 45 =& (nteract) & & UCH A EHS 2, XX-GET.request
Z 2lolE|lH &= &2l EE H o|A & A (MIB attribute: Management Information Base
attribute) 2| 2t S R "5t 7| fI6H AFS &l I, XX-GET.confim X 2|0/E|E = & E{ 7t
'success' 2tH, sHE miB &4 kS 2l (etun) 3t1, O 2|9 Z2 o= & EY
Zieo 2F EAIZE 5tof 2l ECE XX-SETrequest I Z|0/E|EHE X| ™ E miB
HMHE2 FoITl ez HYHEE 57| I AS Eck mB 40| 5FH
Sxcz ooistm UCH, o|lE2 1 S5H 839 Mg st O2ln
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[96]
[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

XX-SET.confrm X E|O0|/E|E &= 4F Ei 7} 'SUCCESS' 2t#, ole x| H & MIB
QEH oz dEEIUSE 2olstct O Qo Aeoles 4H HEE 2F

I

d ol

4%2 UE Wk olMIB &40l §& S3%g olDlgciy, ol = 2l0lElEE &g
Sxto| +#E e sl F = Ack

Zt sublayer Ol A 2| S% % Zrekst dYst ™ obsnt Zcoh

MAC sublayer(210) = & 2| AIE (& &0, LLC HB)22FH TWE Y2 MAC
MBlA dolH ® L"(MSDU‘ MAC Service Data Unit) = = MSDU 2|

Z& Z} (fragment) 0] MAC 3l I (header) 2+ = Bl & #l| =2 A| 3 A (FCS: Frame Check
Sequence) 2 ¥ #slo 5 L} ol4el MAC Z 2EZ O OlH % % (MPDU: MAC
Protocol Data Unit) 2 44 gtct 44 € MPDU £ PHY sublayer(220) 2 & & ElCh.
A-MSDU(aggregated  MSDU) 7| 'Y (scheme) 0| ANEEl = B2,.5+ el
MSDU & EFlo| A-MSDU(aggregated MSDU) 2 #H g € £ ct MsSDU g
Sx2 MAC A 9 HBolM === £+ ot A-MSDU & Eraol
MPDU (& Z} &} (fragment) T/ x| 8= Z $)E PHY sublayer(220) 2 T & EiCh

PHY sublayer(220) & MAC sublayer(210) S 285 FE &2 2| AHdlAa
ol ol & % % (PSDU: Physical Service Data Unit) ol 8 2l AlS & 417] ol of &l
Lo HMEE Z #ste H72IH=E TEo 2l Z2EZ o olE 8 X (PPDU:
Physical Protocol Data Unity & /4 #tct. PPDU = &M DI E E &l &S ot
PSDU £ PHY sublayer(220) 7} MAC sublayer(210) 286 $ 4§ Zdoln
MPDU &= MAC sublayer(210) 7} PHY sublayer(220) 2 =&8t 7d 0|22, PSDU &
AlEX © 2 MPDU ¢ S ¥sict

A-MPDU(aggregated ~ MPDU) 7| (scheme) O] AFEE| = A2, 539
MPDU (OlmH, 2t MPDU & A-MSDU E L} 2 = !ch) & Be| A-MPDU =2
st E & ck MPDU HE SE2 MAC 3t 9 HSolMd +=#E = Uch
A-MPDU & CifFgt EF 22| MPDU (ol & 0, QoS Ol Ol B, ACK( Acknowledge),
£ 5 ACK(BlockAck) &)0| E& & =+ %ICch PHY sublayer(220) &= MAC
sublayer(210) 2% & ¢trao| PSDU 2 A-MPDU & = ¢l 8t &, PSDU & S39|
MPDU 2 T+ M Elct. metsd ,A-MPDU = ©29o| PPDU HOA S Ol E & 3l
& ot

PPDUfPhvsical _Protocol Data Unit) 3 94

PPDU(Physical Protocol Data Unit) & € 2l Al S0l 2 d == ClolE E5E2
ojo| gt ols, 2 wHo| M8 E = U= IEEE 802.11 WLAN A|ARIE Z|E=2
PPDU ZUig A 9 #tch

E3grddHOHMEE = U= F4 8¢ AlA”S non-HT EZ % PPDU L HT
Z 9 PPDU & o A| BtC}

&£ 39| (@)= IEEE 802.11a/g Al2®& X|#35t7| 2|8 non-HT = % PPDU €
ol Al #tC}t. non-HT PPDU 2 &l 7{ Al (legacy) PPDU 22 £ & = glct
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[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

£ 39 (a)E =35, non-HT % % PPDU £ L-STF(Legacy (== &, Non-HT) Short
Training field), L-LTF(Legacy (&£ =, Non-HT) Long Training field) %4
L-SIG(Legacy (5= Non-HT) SIGNAL) EE=Z F M I & ol7FAl 29 = 2| 41
diole] E= & X gstod 3 Ech

L-STF = & 2 E oj o] 'd OFDM(short training orthogonal frequency division
multiplexing symbol) € Z&& £ QCt L-STF & = 2| & Ef 0| 2! & 5 (frame timing
acquisition), AF S O|5 Al 0{(AGC: Automatic Gain Control), LC} O|t{ A| E|
7 E (diversity detection), CH = & @l Fut%= /Al Z+ 5§ 7| & (coarse frequency/time
synchronization) 2 <& AA2E =+ Qlch.

L-LTF = 7! E ol ol € OFDM 4! & (long training orthogonal frequency division
multiplexing symbol) 2 Z&&g £ ot L-LTF & ™M YU Fu /Al ZE S 718 (fine
frequency/time synchronization) %! i ‘& 3 & (channel estimation) 2 2|38 A8 & +
b,

LsiIc Eee dlole Eeo| Sx U C|z22E et ol HEE &6
2 stod AFRE £ QCt L-SIc E=f O Ol B 2 (data rate), ©l 0| & Z Ol(data
length) off Ci et ME & &g = otk

T 39 (b) = IEEE 802.11m Al & 2! |IEEE 802.11a/g AlA"”E =25 X| #st7]
RIgt HT & & = ! PPDU(HT-mixed format PPDU) 2 Oi A| §tCt

T 39 (b)E H=EsH HT £ & X< PPDU € L-STF, L-LTF 8 L-SiIc EH==2
T AEEE BI7bAl X ot x|l YdET HT-SIGHT-Signal) EZ=, HT-STF(HT Short
Training field), HT-LTF(HT Long Training field) 2 T+ A &&= HT Z i = 2| HE
clole] 2= & = #fstod 3o =t

L-STF, L-LTF % L-SIG EE=E o ¢ =#4 (backward compatibility)y & <&

Bl 7FAl E2EE o|0ls 22, L-STF 8 B L-SIG Z E=7HA| non-HT Zont S & sich.
L-STA & HT £ & PPDU & =¢l8 0% LLTF, LLTF % L-SIG =& &
dlole E=8 &AM # £+ k. O gt LLTF & HT-STA Ol HT & & PPDU &
Flstn LsIG EE 9 HTSIG ZEE S X627 st =8 M FHE
et HEE O 28 =+ 2

HT-STA & dl7tAl 2= Fol 2 & HTSIG EE= 0[|83%t0of HT-E & = 9
PPDU Y2 & =+ U2, ol& 7|Etez2 OOlE E=E8 C|lZ & £+ Ut

HT-LTF Z=E ClolE ZEeo =x8 fi#t g FHol AASE £+ At IEEE
802.1 In2 SU-MIMO(Single-User Multi-lnput  and Multi-Output) & X #Hst2=2
240 B AEYUCR M lolE e ZZtof cfstol M FHE

I'II‘

fl& HTLTF EEE S22 FHE 5= U

HT-LTF ZeEs 34 2EBo ot M FHE fstod A EHE

ol Ol E{ HT-LTF(data HT-LTF) ¢ & < ARY (full channel sounding) 2 | &f
FINHo 2 A ElE &% HT-LTF(extension HT-LTF) 2 74 E = ¢
etMd, Sx2 HT-LTF & & =HesE 3¢ 2AE - Bt ZHUY EE =
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[117]

[118]

[119]
[120]
[121]
[122]

[123]
[124]

[125]

[126]

[127]

[128]

[129]

QUdct.

HT- 2 & Z o PPDU 2 L-STA £ # 4l5to ClOIEE EHS & = UEE 3§ 7|
?18H L-STF, L-LTF H L-sic EHEJF 7HE X ©& Bk olF HT-STA 8
fstod Max = dolEe 5% W clZEE /s HT-sIc E=7F ©& Ech
HT-sIG ZEXes Yz e =8sx| 1 ™&E&s0d L-STA % HT-STA 0]
sl S PPDU & = 4l5tod ClO|EHE &HEE = JAXE 5t1, OlF
M& &= HT-STF, HT-LTF %! cio|f E= =
M&ol s="ECL o7 Z 22 Y
Mol 7tH £l = BEES HOE =+ UZS| HT-STF E=E T&stm 1 olFof
E+2| HT-LTF % diolg E=g& TS gt

T 39| (c)= IEEE 802.11m AlA BEHE x| #st7| ¢ & HT-GF = U
PPDU(HT-greenfield format PPDU) 2 Oi A| tC}.

T 39 (c)B B ZX3H, HT-GF = % PPDU 2 HT-GF-STF, HT-LTF 1, HT-SIG
Zc, §59o| HT-LTF2 % dlole E=E8 = & &t

HT-GF-STF = Z el Et ol &S % AGC E @&l A+ & Ech

=

>I
]
0
lo
9']1
2
4 1r
>
g'l_-
rr
®
>
&
x
|H
it}
]
on
jle]
rok

HT-LTF1 = MY FH 2 @8 A8 Elck
HT-SIG Zc=&= ool EEe| 2% 2 clzge sl A2
HT-LTF2 &=

clole EH=ol Sxg I8 =< FHol A2 Eh
oF £ 7L X| 2 HT-STA £ SU-MIMO E A 8322 S5o ZZtAEZSZR
H& 5= dole e ZZol ofste] AME FHE QSEE HT-LTF2 = S2
T HE = ok

E40| HT-LTF2 & HT & & PPDU 2| HT-LTF =9t R ASHA S3o
Data HT-LTF ¢ SH=9o| &% HT-LTF 2 T+ 848 = Uch

E 39 (a) HWX| ()0l cllole| E=E o O| 2 = (payload) 2 M, M H|lA
Zl = (SERVICE field), 233 £ 2 & PSDU(scrambled PSDU) ZZ=, E| & H| E (Tail
bits), T E H| E (padding bits) & Z&& £ 9/ct

IEEE 802.11ac WLAN A|lAH2 fFHAMIES 28 M2 2 0|83t7] 250
=09 STAE Ol S Alofl zx{ Dol HMA st = st &I MU-MIMO(Multi User
Multiple Input Multiple Output) 2 Alo| M&E2 x| ® ol MU-MIMO T & 4 4] of
(=g, AP7F MIMO | 04 8l (pairing) & &t Lt Ol&e| STA of Al S Aloll I 2!
HMag = o

DL MU T4 (downlink multi-user transmission) £ & L} 0|4t of StE|LI & 5 5H
AP7} SLEt Al ZH X948 S &l PPDU 8 S52| non-AP STA of H| ®&ste=
7l&= & 2|0l st

ol3t,MU PPDU & MU-MIMO 7|& =& OFDMA 7|& & 0|&stod &Lt
ol ol STAS @8t &Lt ol4t 2| PSDU B T ES= PPDUE <lOlgCt a2ln
SU PPDU & stLt2| PsSDU gt ZTEE == UL PSDU 7t E XlistR| &f= Z2E
7t T PPDU & 2| O] &t}
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[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

MU-MIMO &2 2lstod 80211n Mo HE o 3 7[of Hlstof STA O TS =
Mol HEolm7i7t 4iM¥aez2 & £ ck MU-MIMO X|EE /sl F71H 2 2
LTFEE Mol HE o U=, ZF STA o 2|8l £l ElE 7T AER (spatial
stream) 2| =2 X|AlstE ME, 2 sTA O Ma == OolEe HE W ag oA
MY 50| olof HEE = ch

et |, 250 sTA M S Alo dlole| MHIAE FZst7| 2|8 o4 MU-MIMO
Mao| =HE ml, ¥ xlE Mol HE S I 7|E £ AlsE STA S o et
&7t = ch

olet Zol Bzl = Mo HEo 3 7IE 28Xz a7 st o,
MU-MIMO TI&2 flsl 2 T =l S=+2| Aol HEE ZE STAO S S22
7% & ZE AN of ®HE (common control information) @ £ & sTA o VX o 2
ST EE ™2 M o{ M E (dedicated control information) 2| & 7FX| El@le| ME =2
T E2stod TasE = Uch

T4 B2 YO MEE =
oi| Al et

T 4= IEEE 802.11ac AlA®lE x| Het7| ¢ & VHT = 9 PPDU(VHT format
PPDU) 2 Ol A| Bt}

T 48 #HZ 39, VHT Z % PPDU 2 L-STF, L-LTF % L-SIG EH=EZ R HEE
gl 7b Al Z 8 = 2| HE D} VHT-SIG-A(VHT-Signal-A) Z=, VHT-STF(VHT  Short
Training field), VHT-LTF(VHT Long Training field), VHT-SIG-B(VHT-Signal-B)
L2 FEEsVHT ¥ z 2|8 U ol EEE& X #stod 3 Elct

L-STF, L-LTF & L-SIG = & ¢ =84 (backward compatibility) £ <& 2l 7+ Al
g ololst =22, L-STF R E| L-SIG EEZJX| non-HT ESHI & 2stch Cigt,
L-LTF £ L-SIG Z = 2 VHT-SIGA Z=E =S Zx57| st =88 A FH2
et HEE O ZgEg =+ ch

L-STF, L-LTF, L-SIG EE= % VHT-SIG-A Z=g& 20MHz AME B2 g=g of
HM&sE = ot o& Eo{,PPDU 7t 471 2] 20MHz #H'E(F, 80 MHz CHHF)2
S8 ©&sE M, L-STF, L-LTF, L-SIG EE= % VHT-SIG-A E=&= 0 20MHz
Mol BHS glof TH&sE = ot

VHT-STA £ dl7}A] 2= F ol 2 5 VHT-SIGA == 0|83sto] VHT = o
PPDU &l& & 5= U2 M, O|E 7|8te2 OOl TLWEE C|Z 8 = ch

VHT X % PPDU & L-STA & £ 4150 CIOIEH & EHE & = USF st 7| < &l
L-STF, L-LTF % L-SiIc Z=7 7+3 @x| & Ech. 0lF, VHT-STA 2 25t of
H&E = diolelel =2 d cjzdE ?lsl VHT-SIG-A ZEE=EJH ©S Eoh

VHT-SIG-A ZE=&= AP MIMO H O] & & (paired) VHT STAE A 8Ll =
Mol HE Tass gt E=2M , 0l =418 VHT EZ U PPDU B diA35t 7|
Mol HE & E#&stn ch

VHT-SIG-A Z =& VHT-SIG-A1 EE=gt VHT-SIG-A2 EZEE=E zesE = Qlch

aTs
0

rir

A

F A 84 AARS| VHT X % PPDU X2

by

T

436



15

WO 2015/199306 PCT/KR2015/000996

[142]

[143]
[144]

VHT-SIG-A1 EEE A 8ste A 'E O 9% (BW: bandwidth)y HE, AS 7t B K
2 T (STBC: Space Time Block Coding) 2 & 0{8 , MU-MIMO OjM ZEZE E

[==]
STAE 9| OF92 X|Alst7] @8t 2 & A¥E & E (Group ID: Group Identifier),

| -

MEE] = AE3 9| 7§ (NSTS: Number of space-time stream)/ £ £ AlD(Partial

AlD(association identification)) ©of CH&t HE & ™& u @ A o[2 2 X|(Transmit
power save forbidden) Y& & E&EE = QICt 0{7|M, Group IDE MU-MIMO
TE e X stz s B4 CHe STA O8o| COistod & G =l A YEXE
olglstd, X AFBE MIMO T & & ol MU-MIMO QK| &£ = SU-MIMO I X|
oi¥E LIEtE = lch

E 12 VHTSIG-A1 EE=8 oAls e = olct.

= 1
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[Table 1]

e H| E 173 (description)

BW 2 20MHz 74 -5-, '0',40MHz 7 5, '1'.80MHz 73 -,
2'.160MHz 5=3= 80+80 MHz 74 -9-,'3'©. & A4 ¥

Reserved 1

STBC 1 VHT SU PPDU 7 -$-:STBC7} AF&¥ 74 $-, 1,218 ]
& AL 0o E AHEVHT MU PPDU 7 §-:'0'C. &
AR

Group 1D 6 Group IDE A A| 810" IE3= '63'<> VHT SU PPDUE
A A B, S1 8 %] @Fe 71-9- VHT MU PPDUE
2] A gt

NSTS/Partial 12 VHT MU PPDU®°| 75, Z}Z} 3 | EX 4 A}-8 %}

AID ] ] (user position, 'p") & - -E Al F 1 2 EH o] 02]
A5.0 /‘I’L/F 2EHo] 191 /E)I_I‘; 1' Al &7k
,A.L—_E'Jo] 20] <-.'2, 13_21_ ~E 0] :;o] 7.]0.
AT AE -TJOI 491 74-9-,'4' VHT SU PPDU©]

BF A 3N EE GaH ol AFFAIFTR
~Ego] 12l A9 0. A 31 AE o] 201 A9
VAT 2ER O] 390 B9, 2A T 2EF 0 49)
B, 3T 2EF0] 5 A9, 4 A B3
2B 62 AL, 5 AT 2

‘6 Al &t =2EHo] 891 A9, '7 .51 v E= ¥
AID(Partial AID)E %] A 8}

_F_'L.-] o] 79

TXOP_PS_NOT |[1 VHT AP7} non-AP VHT STA©| TXOP{transmi%ion
_ALLOWED opportunity) & ¢F 3] Alo] B B.1= 1 o] 5=

B 715 = A, 002 AAE 18X e A '_1,—_1_
473 ¥ non-AP VHT STA®| ]3] %% = VHT
PPDUS] Z-¢-'1'2 444

Reserved 1

[145] VHT-SIG-A2 E=Es e E =77 (Gl Guard Interval) A& off ol Ci & HE
Z = o] A (FEC: Forward Error Correction) A&, B A} xjof CH &
MCS(Modulation  and Coding Scheme) off 2F &t M & 5 5 A Sxtoll ci e x4
FEo ERof e HE dxd aad HE CRC(Cyclic Redundancy Checking) £
2| gt o{ 2 H| E (redundancy bits) 2t 71 £ A{ & C| =2 & (convolutional decoder) 2|
Bl ¥ HlE (tail bit) S ZFE =+ UCL
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[146] E 25 VHT-SIG-A2 ZCEE ofAlst= & o|ct.

[147]

[148] E 2
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Il

H| E

+d & (description)

Short Gl

CllolE| ZeEo| %2 GI7I AFR ER SFE 22,
0,0 ol Zeo ®He Gl7 S = E2,'1'2
oA

Short GI
& =t 3} (disambiguatio

n)

e GI7F AF2E 1 ,PPDU 2o H ol2EE2 £ &l
=7 &0l Ht Z2,T,F7 &l& 0l
ER5x ge 22,022 43 EH

SU/MU  Coding

VHT SU PPDU Z& < :BCC(binary convolutional
code) Z 2 ,'0, LDPC(low-density  parity check)
Z2,'1'2 4HEVHT MU PPDU Z 2 ALSA

2| x| (user position) 7F O'2! At Ate| NSTS EHEJ}
o'olotd 22 A8x = ZEE RlAIEBCC E=,
o, LbPpc Z=2,'1'2 MHEE MR 9| x| (user
position) 7} O'@l AF Xte| NSTS ZeE7F ©0'¢l A=
HIEEZM 'T'2 ¥ H

LDPC Extra OFDM
Symbol

LDPC PPDU 2/Z% HX(SU PPDU & 2)
X o{ £ 5tLte| LDPC A E&Xte| PPDU 2=
A XH(VHT MU PPDU ZA )2 ¢2lstod F 7t OFDM
A £ (extra OFDM symbol) ol et #A=,'I'2
A—l,.-—Lll }_c'J 2] OJ /—]p, -(\r sl )‘\_:]_ X&‘,"‘ﬂi

[= =
il o
cC
[=]

SU VHT MCS/MU
Coding

VHT SU PPDU Z £ :VHT-MCS ¢QIHAE

LIEME VHT MU PPDU Z 2 :4 ¢ HEEREH
=Ml 2 ASA 2| Xl (user position) T LH x| '3'of
gt 328 KIAIEZ AL8X2] NSTS =2t '1'0]
obl B2, A8% £ 2 YE XlAlEBCC B=2,0,
LDPC Z%,'I'2 dEE 2 A 8X2| NSTS EHETJL
o¢ Fde, dulZEezH '1'2 dHEE

Beamformed

VHT SU PPDU ZE < ®HEZ Y AE|0{3

2 2 (Beamforming steering matrix) ©] SU &0
HEgre 249 '1'2 dHE0FX] g2 8=
Oc2 MZAE VHT MU PPDU Z 2 :0llH| E=2M
12 dEE

Reserved

CRC

Ixtoll A PPDU 2] ofle{ & ZHES2| 218 CRC E

}

KA
mol >

.,_
o)
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[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]
[157]

Tail 6 HEFAM 2 C| =2 & (convolutional decoder) 2]
E dElA(trelis) SEE ® & AE2FH 02 =2
o3 E

rr

VHT-STF
At & ElCh

VHT-LTF & VHT-STA Ol MIMO #M<Eg F Hs=dl Ar&S ECh VHT WLAN
AlA”E2 MU-MIMO E X|&5t7| mHEO ,VHT-LTF &= PPDU 7} ©& &= S 7
AE RO JHitEd MHHEE = ok FIH 22 E M A2E (full channel
sounding) Ol X| ¥ &= A<, VHT-LTF 2| =& o piotE == Qlch

VHT-SIG-B EE=EE MU-MIMO  H o & & 5=9| VHT-STA O] PPDU &
FAlstod HIOIE & EHSst=d HeE TE Mol HEE = & &t ek,
VHT-SIG-A Ecof Z&EE 38 Mo E 7 #xf =48 PPDU 7} MU-MIMO
HEE XAl B E 0B VHT-STA 2 VHT-SIG-B EE=EE
C| 2 Sl (decoding) 3t=% AAIE == Qch gtH, 2 & Mo ME It #HA =L
PPDU 7} & & VHT-STA 2 2/ & Zd(SU-MIMO E X&) U2 XK|A|E B sTAS
VHT-SIG-B TEE C|Z Y5 =85 HAE =

VHT-SIG-B EE=&= ZF VHT-STA £ 2| 84X (modulation), ¢!Z%E (encoding) %
2l Ol E OH &l (rate-matching) ol CH&t & & X & gtCh. VHT-SIGB #EEQS| 3 7|&
MIMO ZT&el & 8(MU-MIMO £ & SU-MIMO) 2 PPDU T&E 26l A 85t
M oidZof et b & = UCh

MU-MIMO & X|¥sts AlAaHolM SUE = 7|12 PPDU & APO| o & &
STAE M A T&st7l flstoi, PPDU & T+ &5t = OIOIE E=9| HIE 3 7|8
KAlstE B8 WWEes S5 U=EE FHste HIE AEZ 3 7|E XlAlStE
HMH 7t VHT-SIG-A Ecof zZggE £ ok

cigh, E 0t Xo 2 PPDU ZUE A 83t7] fIstod L-siIG HEI AS2EH =&
lch =gt = 7|2 PPDU 7t 2 & STA M A & & 7| 21604 L-SIG EHE LY
ZEE of Mag = Z ol EE (length field) 2 Bl O|E El E (rate field) 7} ZeFt
ME =2 MZstz| s Al2E £ cth ol 22, MPDUMAC  Protocol Data Unit)
Ql/& = A-MPDU(Aggregate MAC Protocol Data Unit) 7} MAC 7| & 2|
H O|E (= = El(oct: octet)) 7|Htoz MHMEE o2 22| AZollMd F=71% ¢l
o € (padding) Ol 27& == 2lch

T 40lA dlolEe Z=E 0 0| 2 = (payload) 2 A1, A H| A El = (SERVICE field),
33 2 2 # PSDU(scrambled PSDU), Ell & H| E (tail bits), T & H| E (padding
bits) 8 Z&E =+ ch

MIMO Z&of QloiMd AGC FH 2|

or

= JHMs 7| 28l

et 2ol oded 7HX| 2] PPDU o] Z Bio| EE E|o{ AFS 7| HE o, STA 2
+=4I8F PPDU 29| Zoig FEE £ Qofof stk
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[158]

[159]
[160]

[161]

[162]

[163]

[164]

[165]

[166]
[167]

[168]

o{Z|A,PPDU & T £ ECl= 2ol O0l(kE =,PPDU EUE F EECle o 0)h)e
ctefet o|lol& 7HE == 2t ol& E0{.PPDU & F 2 &= 2|0l = 48
PPDU 7} STA of 2l &ll C| Z E (& &=, 8liA) ol 7tse PPDU 21 X| 0o{f0of CHstod
EEEicts oDl E ZEE =+ Uch EE, PPDU B F &2 EiCte o0l = 4lE
PPDU 7} STA of 2|3 x| ¥ 7ts8 PPDU QI X| oifof cHstod ® CEtcks o0l
=& ct =3, PPDU & T £ Bick= 9|0l =48t PPDU & & & ©&E
HEIIofHE HWEQX E FEECE 2O 2E siME = AUCH

olof chstoi ofeh =HE FH xstol E o} & M3l MY st

5 2 4HO HEBE = Us M 4l AAHO PPDU 2 ZUE T BT
2| 8t 4 & (constellation) & M Alst& = ™ olct.

T 52 (@)= non-HT X % PPDU of Z&E = LSIG EHE=ES| 4 4 (constellation) &

oAlEtD, &= 52 b)E HTEE Z i pPDU HEE 9 8 ¥4 = ®(phase
rotation) 8 OJAlStH, = 52| (c) = VHT Z S pPDU HAE & 9 & 24 2 T™(phase
rotation) £ O A| BtC},

STA O| non-HT X %4 PPDU, HT-GF X i PPDU, HT & & X 9 PPDU = VHT
X %% PPDU € T & (classification) st 7] flst0{,L-S5IG EE % LsIG EE O|F0]
M&E 2= OFDM A 8 2| A 4 (constellation) 2] 9| 4 (phase) Ol Al & EIC}. & ,STA 2
=418 PPDU 2| LSIG ZE ZUEE LSIG ZE olF0 ™&EEE= OFDM A £ 9
Maol Qa2 7|Ee=Z pPDU ZUE FEE £ Ach

T 59 @& F=sH LS EHEE T 835 = OFDM 4 & 8 BPSK(Binary
Phase Shift Keying) 7} 0| & EIC}.

M X{,HT-GF X2l PPDU E T =35t7] 2 stof,STA 2 =418t PPDU o M ZE| = 9f
SIG HE?l X EW, LSIG EERIX| o{fE TEECL F,STA2 £ 59 (a)9
HAlgt ZE d4ad 8 7|Ides Ccl2g8 Aot sTAO C|Z Eof dufjist ™
&l & PPDU 7} HT-GF X o PPDU 2} 1 EEHEN £ lC},

Ct2 22, non-HT X % PPDU, HT € & Z o PPDU 2 VHT X % PPDU
T £ (classification) st 7| st 0of,LSIG EE 0|Fof| T& E= OFDM 4 & 9
Mato| fI&ol AI2El £ lct. F,LSIG ZE o0 TS EE OFDM A £ 9
HE $HO MR COLE 5= U2, STAR AE PPDU & L-SIG EE O|FQ
Zicof Cift X ¢S JIUeR PPDU ZUE FEF £ ot

=

E 59 hE EH=sH HTEEH X PPDU E T+ 26t7] 2stoi HT & & =x o
PPDU Ol A L-SIG EE O|F0]| T&El= 2702 OFDM & & o] &0l AE8FE =+
2lCt.

Hro FAAH2Z, HTE & Z % PPDU of M LSIG ZE O|Fo T™EEeE
HT-SIG ZC=of CfS %= OFDM A2 #1 % OFDM A &2 #2909 QA 2 F
BHAlH & &oz2 90%PtE 2 T ECH 5,0FDM A E #1 U OFDM A & #20]
CH &t 8= % 92 QBPSK(Quadrature Binary Phase Shift Keying) 7+ 0| & ECl.
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[169]

[170]

[171]

[172]

[173]

[174]
[175]
[176]
[177]

[178]

[179]

[180]

[181]

[182]

QBPSK A2 BPSK MA& 2 7|FEC2 HHAIAH ¢ Eoz goEpEa 2|4k o]
gl Had e ot

STA & #=4I8t PPDU 2| L-SIG ZE 20| T4 El& HT-SIG Zco| g sEE
M 10FDM A2 U X2OFDM A E S T 52| (b) 2 olAlSt Ze a2 7|glez
ClZ 22 ATt sTA Ol ClZ 2o M &EsH &% PPDU 7F HT X 9 PPDU 2t 1
EH O}

Ct&2 2 ,non-HT X % PPDU % VHT X G PPDU € F 837 @8 0o, L-SIG
Ze ol%0 TH == OFDM A &= o dafel fatol A8E = Uch

T 59| (c)& #ZE M VHT X % PPDU E T £ (classification) &t 7| €35t 0, VHT
X Sl PPDU Ol A L-SIG HE OlF0] TS El= 2702 OFDM & & 2| ?&0|
Atg2E =+ dch

Eo FAM™Me= VHT Z o PPDU oM L-SIG EEZ= 0|F2| VHT-SIGA EH=of
e &= OFDM &l & #12| 2|4 2 2 ™l x| ptaoLl, OFDM & #2202 fl& 2
BFAIAH & Eo2 90xPtE 2 TECE &,0FDM A= #10f et HE e
BPSK 7} O|& |11, OFDM 4l = #20f Ci gt HE 2 82 aBPSK 7} 0|8 Elc}.

STA & =4It PPDU 2| L-SIG T E Clgol TS Els VHTSIG EHEH oS Els
M10FDM A& U XM2O0FDM A ES T 59 (c) ol oAl Ze2 M4 S 7|gtez
ClZ8 & ATk sTAO ClZ @ ol &35 &8 PPDU 7F VHT X 9
PPDU O] 2t EEre =+ lch

gted, Cl=z2 ol AluoistH, STA & & 2 PPDU 7t non-HT X 8 PPDU O| 2t &

BEE + Uch

MAC I 2| ¢ = oH

E 62 B dHo| M2 E £ e IEEE 802.11 AlAHQC MAC = 3l Y mZoig
ofl Al Btk

Z 68 AZ M MAC = Bl &(F, MPDU) & MAC 3l {(MAC Header), = 2l &
= #| (Frame Body) 2 = 8l & &3 A| # A (FCS: frame check sequence) 2 F 43 ElC}.

MAC Header = = 8l & A of(Frame Control) & =, x| % A| ZH/ A & X} (Duration/ID)
e, F 4 l(Address 1) HE, F 4 2(Address 2) EHE, F 4 3(Address 3) TE,
Al # A Al of(Sequence Control) Z =, F 4 4(Address 4) B =, QoS Al 04 (QoS
Control) Z = 2 HT A o{(HT Control) ZCEE X geteE Y Ho 2 ™ol Eict.

Frame Control ZEE= Sl MAC Z glle] S o cigt WE E X & #cCl. Frame
Control E=of cHet Hct 2 M8 DHES F & ot

Duration/ID ZEE s MAC Z el ol el A MEEY] of e 8 e
JhRlE g FHEHE = Uk

oreF s g MAC Z Al dol B W MHEER)] o @l A o= (PS power save)
2 Ue e PS-EF(PS-Poll) ZallYel Z2 , Duration/ib EHE=EE Z dldes &S
STA 2| AlD(association identifier) & Z & &=% HXHE £ 2ch I ol o #F=2,
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[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

Duraton/ID EEE slE MAC Z & el B ! MEER] of et §3 XK Az
e 7Rl s A3 = = ok £8 = g & 0] A-MPDU(aggregate-MPDU)

zZoio] 28E mpou @ Z2,MmMAC SlHo ZEE Duraton/iD EEE 2T
sogt I 7IXe 8 HMEE =5 AUrh

Address 1 ZE L{X| Address 4 ZE = BSSID, & A A (SA: source address),
= & F A (DA: destination address), ©& STA FAE LIEHE ©s F 4 (TA
Transmitting Address), ==&l STA £4AE LIEFLE ==& F& A (RA: Receiving
Address) 2 X|Al5F 7| 2|5t 0o AL & EIC}.

BHH, TA Ec2 FHEE FA HeEsE tHHE A|2'ED@ TAbandwidth — signaling
TA) ZIe2 HEE = e, 0l Z22 7TA E=& siT Mac = gl ol
A HMEY Al@A0 FIIHQAFPEE H1 USE XIAIE = Ut Y H
Aladd Tas g Mac Z Bl YE T&sE sTA 2l MAC F4E2 RHE =+
JA2Lt, Mmac Fao ZEE JHE/2E HIE (Individual/Group  bit) 7t § & Zt(IE
Eo{,T)2e2 AHE $+ lch.

Sequence Control ZHEE= Al #HA = H(sequence number) 2! = ZF & H (fragment
number) 2 Z TS MHHEHEC AlHA HAHE SHE mac I g o EEE
AlAHA SHE XIAIE 5= Aok =ZF = sl Y MAac Z 3o ZF x£Zt9|
HHE XIAIE = Ut

QoS Control EE{&= Qos o #HHE HE E X # 8l Qos Control EHE&=
MEELR! (Subtype) AMEE =0 Qos CIOIE| ZHUS X|AlsteE B Z8E %
Ut

HT Control EEE HT ZW/EE VHT &4 JIHar 2248 Mo HEE
I B EtCH HT Control E == X of 2f3 (Control Wrapper) = 2il &10oi = & FiC}
T, 2{(Ordery) MEZE = Zt 0| 12l Qos | O|E{(Qos Data) I &l ¥,

2 2l(Management) I | ol = X &t

Frame Body = MAC H|O|2 E (payload) 2 & e|%| 1, & 2| H S oM H& stk
st= CllOIE 7t |xlstH =lH, 7=l 3 7|8 7HZICE o|E S0, =l CH
MPDU 2] 3 7|= 11454 = Sl(octets) Ol Z|CH PPDU 3 7|i= 5484 msY == RICt.

FCS & MAC % Ef(footer) 2 Ho|=|1 ,MAC Z 22| o] B A& 2|5t 0d
A& ElCH

A& Ml EE (Frame Control ZEEZ, Duration/ID E 2l Address 1 EE) 2F A
Opx|2t HE(Fes ZE) & 24 T YU ZBE F4eiH, 2 E T o
ZEZAMetct O el e ST Z Y EfUoMBt EME = Ut

T 72 EWHOIMEBE = UEFH SA AAHOMAM MAC Z Y LY =
X o4(Frame Control) ZEEZ oAlsteE = Ho|C).

T 72 E X5, Frame Control EEE= T 2EZE B T (Protocol Version)

ME ZE B U(Type) ME ZEE, MEER! (Subtype) ME EHE To DS AMEECE
From DS ME EE FJ} & ZH(More Fragments) A E EE= X Al = (Retry)

mE
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[193]

[194]

[195]

[196]
[197]

[198]

[199]

[200]

[201]

PCT/KR2015/000996

ME Zle ut Q| 2 2|(Power Management) AME Zle  ZF 7} O O|E{(More Data)
MEEE, HEFE x 2 2(Protected Frame) MEZELE % 2 H{(Order) ME ZHER
T o Eich

Protocol Version AME EE&= i MAC Z o HE EwAN Z 2 EZ9|
HTE X|AIE = U

Type AMEZIE Sl subtype MEZCE=E Y MAc Z gl elel 7|52 AlEeE
MEE XIAISIES MHA¥EH = ot

Mac = o] el 2 22l = gl &(Management Frame), Al 0 I & &(Control

Frame), Ol O|E| = | &l(Data Frame) 37} X| 2| = gl & E} 1= =Z&E == Qlch
aeln,Zt Tl EUE2 CHA| MEE ez FEE = JUrh

olE S0, Mo = g2
CTS(clear-to-send)
CF(contention

2! (Control £ RTS(request to send) I & &
I 7| !, ACK(Acknowledgment) =z g, PS-Poll = B
free)-End I 2| ), CF-End+CF-ACK Z B, EF AcK 2%H
Block Acknowledgment request) I &l &, 2 5 ACK(BA: Block Acknowledgment)
= 3| ¥, Ao 2 (Control Wrapper(Control+HTcontrol)) = g, viT & dlole
I Z! 3 X|(NDPA: Null Data Packet Announcement), HlXx 2 E 71
Report Pol) Z 2 ZEE =+ QlCt
gl T g2 frames) 2
Traffic Message) I ol &, 947 8H A (Disassociation)

2 &/ 2 © (Association

frames)

(BAR:

&= (Beamforming

H| 2 (Beacon) I &l &, ATIM(Announcement
Za AAH
= g, R A 2 &/ & (Reassociation
e Z2E 2 F/ 8 H(Probe Request/Response) ZE of &,

= gl &, 2158 Al (Deauthentication) Z Bl &, S = (Action)
FEE (Acton No ACK) = 2| &, Ef 0| & 1 (Timing Advertisement)
o yes zas & 9t

ToDS MEZEE Y Fom DSAMEEEE sHE MAc = slicjol =&E
Address 1 ZE LHX| Address 4 ZHEE A5t 7| 9l5t0f Eedt HEE ZEE =
QLCH Control Z 2| B2 ToDS MEZE ZUFom DSAMEIZCEE I F O'2
A FICE Management Z &2l B2, ToDs MEZE 8! From DS ME ZEEE=
siE = 2l 2ol cos B2l = Bl 2/(QMF: QoS Management frame) O|H =AM CHZ T
o2 MEED Y = olavF 7l olLlH =MOUZ 25 0,02 HAEE
+ UCh

2!(Management
Indication
Request/Response)
Request/Response)

Q1E (Authentication)
e sF

= Y mMAc = g oi olof T&sE
EMst=Rl R E XIAIE = QUch =X mspu
Z& Zt(fragment) 7} EMst=E 42 '1'2 A™EED
Uct.

Retry ME ZE= Y
Zi0IX| 08 2 X|A|E

|
Mgl D, O] o

More Fragments AH ZEC Z= Zf (fragment) O]
£ &= MMPDU 2| E CHE

aFxl ot We o2 MEE S

Fvac Z gl2lo| o] mac = gl el RiF&ol e
= Act ol mAc Z el MHS QA B 'T'2
B2 0oz MHEE £+ ct.

=
=
—
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[202]

[203]

[204]

[205]

[206]
[207]
[208]

[209]

[210]

Power Management Al E EEE= sTA 2| 0@ 22l ZEE XA = QlC} Power
Management AMEEZC= Zto|'1'0|™ sTA O] @ M o|lE B2 FEsS=s HWe
XAl E = ch

More Data MEEHEE FIIX o2 F&SE MAC Z 30| EAMst=X 0%
XAE £ ot Folxez HMaE vMAc Z Qo EAMsSE E2'1'2
HddEn, %X Qe B o2 d¥E £+ o

Protected Frame A HE Eci= I 2| Q) HEC|(Frame Body) ZE7F 2535tk Ue=X|
{8 E X|AlE == QICl. Frame Body EE=71 ez 3hE o1z glo|M
ot 71 2| & (cryptographic  encapsulation  algorithm) 0f] 2|8l X 2IE ME 2 % &s5t=
d2'1'2 485D, O%x| e dr oz d¥3E = Uk

M dHEE ZF HeESo X EEl= WES2 IEEE 802.11 AlAHEe] Ho|E
me 5= UCk £ A dBE ZF HeES2 mMac ZHYo Z8E £ UEs
Zeso| oAlol sHEstd, ojof B HEEIX gt &, A4 dEE ZF 2eT)
CtE 22 oiAE AU F7rAHA 2ert o XEE = Ao, 2 Hovt
XMoo 5K gl =5 Uk

DA HM A HAHUS

IEEE 802. 110{lA S &2 S 7 & T4 O Al(shared wireless medium) Ol Af
ol ofx|Z| W20 |4 M H(wired channel) EHdIl=E 2 EXHO2CIE E&E
7t it

M AN FBoME CSMAJ/CD(carrier sense multiple access/collision detection)
Zlgtez2 SAlo| Jlsslict olE Eof s Al 8t Al do| s "M
eZ ol 2 Heyl givl 2o FAEHR| 2 ME AME FHR| &1 TS0
Fich. olmi & 74 oldel Al 0| & & =l H A Xl(detection) O 7t & #HCt. Ol=
MBI ZXIE M power) Ol =X 2 S AlBMH Ts & HAHEHC
ZAX|Z7| W2 olct. St X| B, M M BB I AE (HE Soi, Helo
et Aladge] 247t 3ok U =2t o2 ZI2 1| 0| Y (deep fading) & FHE =+
USB) ol Mol BEE F71 B0 HdAN=E =L HoM AE7F Moz TS|
ZIRER H2 580 YHEU=XR] sAUHHAMH HEHS| FH2lo] ol & (carrier
sensing) 2 & =7} gicl.

Olof ek, IEEE 802. 110 [H 2 WLAN AlA E oM, MAC 2] 7|& HAMA
H7HLIE 22A4 CSMA/CA(Carrier Sense Multiple Access with Collision
Avoidance) HZHLI&EE T @5t At camaca HFHLIE S IEEE 802.11 MAC 2]
£ Hl =& 7| = (DCF: Distributed Coordination Function) Ol2tnE £ 2l=dl,
7|2 X2 2 "isten before tak” UMA HAHLUSES MBSt Act ol e & &2l
HMA HALS O EH, Ap WEE= STA 2 TES AlEHGT7] off &M, 45 9
AlZF FZH( 0 2 Z 01, DIFS(DCF Inter-Frame Space)) S o £ A &£ &=

Of &l (medium) = Al Al (sensing) 8t = CCA(Clear Channel Assessment) & == & #tc}.
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[211]

[212)

[213]

[214]

[215]

M4 Aot gtd of & 7t F F 4 Eliidle status) @1 W2 EEFE|H ST OHX 2
&S5tod T B MESS A= Etct gt oA 7F HR 4 Elf(occupied  status) €I
Zdoz ZAXIEH ST AP WEE STA 2 A 7| AFAle| &S AIESHK| gt
olOl o sTA S0l allE ODHAE AL Est7] ?Isi cHZIst 2 Qlcks 7 st o
DIFS Ol 7} Mo 2 DA HMAE I8 X4 A|ZHOIE So0f, o Wiex
Z= Zl(random backoff period)) S ¢t O Z|CI 2l = of Z | HEES Al & 5= Qch
del Hex FI|IE HBYS 2M, T US ©SEstr7] fIF oiedi sTA E 0|
ZAsctn J1EE 0 B STAS 2 HEXo2 Ol E Ym F7J| 48 71X A
Tl ME CE AlZt St 7|8t Foll Z U TEE AR E XWo| 7l =22,
& £ (collision) = =|AFHA| &2 5= it
EEh IEEE 802. 11MAC EZ 2 EZE HCF(Hybrid Coordination Function)
M= &tch HeF = & 71 beF 2F K| ™ = & 7|1 5 (PCF: Point Coordination
Function) & 7|8t=2 $itch pcF = & B(polling) ZIBH2] S 714 A Hrloz
E TAUAP WWEESTAO| HOIEH Z 2| US FAE 5= URF F IR
EZ 25t wAlS A= E£FH HCF & EDCA(Enhanced  Distributed  Channel
Access) 2F HCCA(HCF Controlled Channel Access) 2 7} ZICh EDcA = M 3XH7}
Ct==2| ALEXto] 7l cllolE Z A2 MB35t7| I HMA wAS ZH
Zlgte2 +=8sl= Zd0|1, HecA = & ZH(poling) HIFHLIEE o|8 & HIEH
Zldko| A HM A A2 AL 6= Zdolch. EE8F HCF = WLAN 2| QoS(Quality
of Service) 2 EAA| 7|17| & i HMA HAHALIES Z8sH , 2 F 7|(cCP:
Contention Period) @} H|Z & = 7|(CFP: Contention Free Period) 250 A Qos
HiolEl=2 M& & &4 olct
T2 EWUHOMHEBE = A= S A AAHOIM o Hex 7|9}
ZH U s HAE LY T /I =Holct.
S o & 7} =R (occupy E = busy) & EH01|1\‘| & (de) AE 2 HAT|IH of
STA E2 OIOIE (&= = o) s2 Az e 5= Aot olml, 552 = 4 &lst7]
Qe wote 2 A, STA S 2 ZtZt o] X FIRE (random backoff count) =
Melstm a0 st &2 AlZbslot time) 2FE CHYI 8 F o HE2 AR E
lct o] Hiex zl2ELE O|Ab-2lo| & == (pseudo-random integer) ZtE 7} X
0 LHX| ZH RI= 2 (CW: Contention Window) oM & U & Z (uniform
distribution) B 2t & stLt2 Z2EE & RUCH o7|M, cweE B 2= uetol H
atolct.cw metolE=E =7 ¢de2 cw, .9 FOo{X|X|gH H&o| Huij &
BROIE 5o, MEE = ool chEh Ack & = 4I5HX] Z & Z <)ol 284 o|
S FEg =+ ok cw metol H gtolcwm 7t £ H IZ‘IIOIE*i &0l 43¢
M7HR] CW . 2t 2 R XISIHEM ClOIE T&E AR E = A1, HlolH TS0|
Hd3sts dfodescw,,, 22 2IAECE CW, CW i & CW 0 282 271 (n=0,
2, )2 M¥E|l= ZWo| bHE A st
elol Wiox [HO|AIEEIHSTAS ZEE YWex e Zho malA

rlo
(o]
53

i

e
B
™,
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[216]

[217]

[218]

[219]

[220]

[221]

[222]

[223]

[224]

How &£2g2 JFIRE CIR351, FI2E Ci2ste Setol| AHA%stod oiAS
DUE 2L oA A M AEl2 2L E2EH JIRE 2 Stsin
CHZI8t Al =lH, oiA 7t & 7 & Ef7F =l 7t2E Ch28 R 74 st

T 82| o AlollA STA 32| MAC Of T&E ol 2 & Z<0l,sTA 32 DIFS
g3 oi&2t fF dEiQ X &l HZ I Y US TSE 5 Jch

B, LMK STA S2 I 7} MR (busy) A EHQI 242 D LE| &1 7| EHoh
3 SQHSTA 1,STA 2 ¥ STA 52| ZfZtof|l M & T&E Clo|E{ 7 g = JU1,
ZtZto| sTA 2 OHAI7I f F 4 B2 2 LIEZ EIH DiFs 2H3 cho| 8 = o], ZHx7t
HEid ol Miex FIRE Ziol et T s%S 7FI2E O R #ch

T 82| olAloM & STA 27t 7HE %52 W= si2E Ztg MESD, sTA 10|
MY 8 Hex FIRE e MEE ZRE LIEUHCE F,sTA 27 i
FIREE Otx|D Z Y TSS AlZsts Al oA sTA 52| Thof B X A|ZH2
STA 12| Tho{ Biox A|ZHECH 2 Z2E oAl st

STA 12 STA 5= STA 27t OHXE HRsle Sohol 7I2E Clgg8 HED
CHZ|gtct sTA 22| OHA MR 7t &% of OHA 7L CHAl R F & EN7 =I®H, STA 1
2 STA 5= DIFS BFE CHZ|8F ol HEQJUE Wex 3REE AIisich &
Tho{ Hioxm A|ztgtEo| LIHEX| Mex &8 7I2E Ol FolM Z gl
&S AlZME == RUCH STA 52| THod B X A|ZHO| STA 1ECH Hgdos=2 sTA
50| Z @Y ©&E AlZESHAH Elch

B, sTA 27} OHAE HRstE Sotol A sTA 40lME & dlolE 7t
Flg 5= ch oluf, sTA 4 UZE oM E OIM7E R F & Ei7E ZIH DIFs B3
Chzlst =, xpalo] MEfst ol Mo X 2 E ZIo| MHE HWeZ &X2| FIRE
Ct2 s =+ st

S 82| ol A| oA = STA 52| Tho{ BiQ@ I A|ZtO| STA 49| lo| Hiox FIRE
2t 25| Uxlste B9 E LEHH) O, O] ZS STA 42t STA 5 ZHHI £0|
”“é!%f + UCh SE0| WMEE B0lE STA 49 STA 5 25 ACK 2

&5HX| 35t of, OlolEH M& s A5t Ech o] ZS,STA 42 STA 55 Ccw

m% 2HIZ S8l o Yo Hex FI2E I8 HMEsn WMo &R9o| FIRE
Ct2s = "stch

B, STA 12 STA 49 sTA 52| T&o=2 ¢Qlsl o7t Hi 4 Ef el Setof
cHzlst ACHZE OIAZF R F A EN7F ZIH DIFs BFE 7|8 Fof, THof o
AlZtol Rt Z g a2 AlEE 5 U

CSMAICA HMFHLIES AP WE = STA Ol OHAE &Y MG = 2215 2o
Al & (physical carrier sensing) 2|0i| 74 7H2] 04 Al Al (virtual carrier sensing) T
X # #tch

7H4 7o MA 2 F|E = E £ Al(hidden node problem) & 1t Z+ O] OfX|
HId 448 = UAs EX I% Hastz| gt Zolct. 7ta FHElo] M S
5t o, WLAN  AlAERISl MAC 2 UIE 3 &Y WME{(NAV: Network Allocation

T

ﬂl
4» 4>
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[225]

[226]
[227]
[228]

(229]

[230]

[231]
[232]
[233]
[234]
[235]
[236]
[237]
[238]

[239]

8 8ok NAV & X OHXE A8 UHAUY == A8 HEtol
l/se = STA Of, O ®| 7} ol & 7t=s8 & EZ2 = 7|7 Kl ot Us AlzZHE
CHE AP /== STA O Al X|Al&t& gtolch. mwatA NAV 2 ™ E ke & &
e daste AP /= STA of 2|5k of O x| 2] AFEO| oo (U=
7|zt off s g ElCh.
AP /= STA 2 Do M2stnx &2 &elrl 28 RTS(request to send)
Z gl @l 2 CTS(clear to send) Z i &l € 1 #sl= H™XAE = £ rCk RTS

[=]
e 2eTs e AEXMOl ooy Ze s a5 ool
S E(ACK) Ol X|¥E A2 ACK Z g elo| s =ed B2 M of A 7t
M2 olotE AZ A e XAlsE WEE X Zede SRt

o= AP R/t = STA S 28E ZXEE RTS Z S =48t AU , = el ™5
CHah STA S 2R ®EE CTs Z Y2 =48 ChE STAR2 RTSCTS Z 8l &
Z8E of UeE HE I KAt Algt™Mel 2zt 5 of#o HIex| S=H

HdHEE = k. ol Alzt 2zt 8¢ NAY 7F D HEl 2 Sstol FEHE = Ch

ol

z 2|9 7t Z(interf rame space)

= gl & Abolel AlZt ZtH S = el & ZF 4 (IFS: Interframe Space) @ 2 M 9| gt}
STA 2 72l of H A (carrier sensing) 2 S all IFS Al Zt 7+ 2F & ¢ = < 0]

A& ElE K| R E TEE =+ ok 80211 WLAN AlAHlolMd M OIAE
HMasts < ol Y (priority level) 8 M 357 2lstof 52| IFs o & 9| &t

Eo9s 2 LdHo MEEE = U= FH S ANALAHOAWAMIFS HAHE oAl =
= @ olct.

ZE oYL 22 HASE 2w oA = 2 0/ElE F PHY-TXEND.confirm
z 20| el 2, PHYTXSTART.confirm z 2| 0] E| 2 , PHY-RXSTART.indication
z 2|0/ El2 2 PHY-RXEND.indication zZ g|0jElZ2E # =stol Hal & = Uk

IFs &0l e = oy 2+ ot el Zch

a) 54T = g & ZF Z(RIFS: reduced interframe space)

b) & & = gl & ZF Z{(SIFS: short interframe space)

c) PCF = gil & ZF Z4 (PIFS: PCF interframe space)

d) DCF = Pl & ?ZF Z{(DIFS :DCF interframe space)

e) &2 M = g & 7 Z4 (AIFS: arbitration interframe space)

N =& = 3 & ZF Z(EIFS: extended interframe space)

MR 2 IFSE2 STAS HHEEZ (it rate) Tt FEsH 22l AE5o0 oa &
HMdo 2P ZHEEC IFS ELo|l2 2 O A A of A 2] Al ZF Z(time gap) 2 2
HolEch AIFS E MletIFs B old2 zZr 22 A& 2 1 ™A

SIFS= ACK Z & &,CcTs = 8l &l . & ACK 2 % (BlockAckReq) e ==
A-MPDU of Cf 8 HZI™ QI 2E¢l 2 5 ACK(BlockAck) z e x #Hoes
PPDU, Z=ZIH4t B A E (fragment burst) 2] & WAl = = ¢4 % 2l MPDU, PCF of

=

—

02
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[240]

[241]

[242]

[243]
[244]
[245]
[246]
[247)
[248)

[249]

[250]

[251]

[252]

[253]

[254]

[255]

[256]

ol gt & Zl(polling) Ofl CHEH sTA ol 8HO| a2 Al ABEH 21 M =&
7t TICt siFs &= E & HI B ™ F ZHeFP) AlZE & ¢oF = Bl 2| e i1t 2 25t
Zz s el Xl ™ = X (point coordinator) 2 &l AFRE %= QlCt. sIFs & O|&
o X2 MEC S8 = Alad gE(EMsE )2 2RH
OloX|= & = e Yel = 2|HEe] & Hmll Al E ol AMEMXIe AlZtE
Lt E} it

SIFS EtO|22 TxsIFs &% ZAH A 55 el Z gl ™S o] AlzHE
& o Ect.

SIFS £ ME CI & sTA S 25 o TS 7Hol Irs S oM 7t & ot oHAE
Mastn UesE sTA O] = ol wE Al H A (frame exchange sequence) 7F = & Tl =
T st ol HeE FXE HeI Us 2 A8E = Uk

ZHYnE AFA LTS 2H7HE 2 UE AEE 22 . H 7 ?:'.‘%E"
A7 7% 2 Ef7F 21 ZIct2ls W ol 7%l = CF 8 sTA £ 0| oA 2] AF8
AlEsts A8 ¢4X|g 5= Aok metd, T 52l EEII%’ mE Al AT
gEE=d 2MHE Bo{E = ot

PIFS £ THAME UMASHED $MHS =Sst7] 9180 AHS Eich
PIFS £ CHRZH Z2 B0l A8E £

- PCF st oll & &st= STA

- A A 2%l = Xl (Channel Switch Announcement) Z 2l T &st= sTA

- EgHE] X| Al M(TIM: Traffic Indication Map) Z Bl E &= STA

-CFP EEE T & 7| 3|(TXOP: Transmission Opportunity) = A|ZslE 5t 0|2 2l=
Z X} (HC: Hybrid Coordinator)

- CAP(controlled  access phase) LH O&tEl £4lo] ExHZEE
= 7 (recovering) ot 7| 9| & & @l TXOP & Cl(holder) 2! HC & &= non-AP QoS
STA

-cTs2 ol F®&s M FUcTts E58 ASSE HT STA

- & Aol o|Fof AZstod T&sT| 9 & TXOP & O (holder)

- ofl2{ 5 +* (error recovery) & AL 83101 H %350 F&E5H7| | & RD(reverse
direction) 7HA|X}

- PSMP(power save multi-poll) ST Z B S T&ESE Psmp Al EA SOHHT
AP

-EDCA A HMAE AL 85H= 40MHz OtAZ PPDU 8 &SI © MACE
A ‘H(secondary channel) L§ CCA & = &3l= HT STA

UM LIEE oAl & M ZdE 2] & H(secondary channel) 04 cca 2 = dst =
ZRE HMelstn, PIFS B AL 835t STA 2 TxPIFs &% ZAHoAM DH A7t 77
AEf S A XS E cS(carrier sense) H 7 LIE 0|F o M&2 A|&Hstct

DIFS & DCF &t of ol Ol = gl JpPDu) 2 22| = 8l J(MMPDU:  MAC
Management Protocol Data Unit) 2 & 3sIE= &S &s5te= sTA 0o 2|6l AISE =

—_
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[257]

[258]

[259]

[260]

[261]
[262]

[263]

[264]
[265]

[266]

[267]

[268]

[269]

[270]
[271]

[272]

lch DCF 2 M 88t STAR2 H&E35| A E gl o ez E Qo HEE
O| % CS(carrier sense) M7 L& 2 Sai A2 & 4 Elfletn Z =™, TxDIFS
&2 Ao HEas# £+ ok of7|M, HEs sAME U
PHY-RXEND.indication zZ zZ|0lEl2 7t dl&HE X Alst x| 2tm, FCs 7t = &l & Of
off 24 7} of el (error free) & Xl Alst= = Bl Y& 2| O] #tch

SIFS A| ZH(aSIFSTime') I} & 2 Al Zt(aSloiTime) 2 22| A& €2z AMHE =
Ak SIFs Alzt2 D HEE 28 7KL, &% A2 4 5 A
Al ZF (aAirPropagationTime) BHatoll et 5 Mo 2 @WHEg £ Uch

'aSIFSTime' & of el =34 1 & 29 Z o] & of &t

A
a4

aSIF 5Timel 16/} =ar«RFDelay(S> 51+ aRxPLCPDelay(J2. +aMACProcessingDelay (1 525 < 2 aRkxTxTionaroundlime(<2)
w5t 2

aSioiTime cacca Time( e d)rarx Tx Turnaroun dTimel « 2 )+ aniPropagationTimerel) +adddcre rocessitign eiay(< 2)
'aSlotTime' 2 OF i +3tA| 31} Z o] ¥ 9| &c|.
w5t 3

aSlorTime —aCCATime( <4+ aRxTxTurnaroundlime(<2)+ adirPropagationTime(<1)+ aMACProcessingDelay(<2)
=4l 3ol I8 X Q(default) E 2| AlS weto] e lusek Z AL 52 ke
7} X| & 'aMACProcessingDelay’  of 7| gk gtch £ M 1t = X § = Zt(free space) Ol A
300m/pus 2 = A EICk o8 £ 04,3us= BSS A of Y2E (one-way) 74 2l
~450m (&= Al ZF(round frip) 2 ~900m) 2o| & §M & £ lct
PIFS @ DIFS = 2t Z} ot e =38t4] 4 & 59 Z o] ™ o] Elck.

e
F8A 4

PIF S(16us)
w84l 5

aSIFSTime + aSlotTime

DIFSi 3415) = aSIFSTime +2* aSlotTime

UM FEA 1R 50l BE ol =%l ek ™el Zte oAlsts ZHolu, o
22 STA M2 & 2 sTA 9| x| H=2 Yetd =+ ok

A& SIFS, PIFS U DIFS E2 DA S MEZ 2 MAC & 2 Z A (TxSIFS,
TxPIFS, TxDIFS) & 7|¢te=2 = & gt

SIFS, PIFS X DIFS of ché Zt MAC &2 Z A= ZHZh ob i £84A 6LHX| 81}
Z o] ™ of Elc}.

45tA| 6

TxSIFS =SIFS -aRx Tx Turn aroun dTim e
o

TxPIFS = TxSIFS + aSlotTim e
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[273]

[274]
[275]
[276]

[277]

[278]

[279]

[280]

[281]

[282]

[283]

[284]

[285]

=84 8
TxDIFS=TxSIFS+2 * aSlotTime

i A AFEN 2 E (Channel State Information)  I| = 2H(feedback)

2 X H(Beamformer) 7t &2 & CHE|LIE StLtel /X O|(Beamformee) Ol & & 35t0d
|5[‘E SU-MIMO 7I%% AMESthe O|& g Cf O|H Al E| O] 5 (diversity gain) 1t
2 (steam) CE Tas Sl Aid 8F8 SCHA| ZIck su-miMmo 7|&2

MIMO ZI=g X &83IX| 2f2 ol HIsH etEILLe] 78 s’-eEM, 32t
AREE HEAIZH S ASe 85 oo 7|08 5= Uk

£ 8t, Beamformer 7} —|—|—.—-I Beamformee Of|7]| ¢tE|LIE & E5t= MU-MIMO
7|2 & Beamformer 0l < g ©§5-2| Beamformee S 2| CIE H&ux S |t 23
HE Z2EZES %ﬁff)#,eeamfonﬂee T HSES =O0lHAL Ao MEEE
FUoEM miMmo CHEILES] ds58 T AIZ = UCH

[> OPM

MIMO B Z o)AM= Beamformer 7} A M EE oLt HES g1 UK 7t
Mdso 8 & 0|a = ez, Ad HE Es s 2t nle W ™i}t
2 T Eck

ME HE 52 et mle W Hxle 34 F 7HXR| 2 Al o] x| E £ ok
tLb= Ao = 2 l(Control frame) 2 O|&35t= ¥ AIO|H, & & stLl= Ol OlH
Zeyl e el x| gf2 A AR2S (channel sounding) MXIE 0|&35ts & Alo|Ct.
ARE 2 Z2|dg Edold EE(training field) & X &35t= pPpPpDU 2| O O|E
E5X olRel 53 6l AM'dS 5835 7] fIstod &l T E 8l 0l'E T E (training
field) & 0|5t Zdg o|0|stch.

0|3}, Al o = Bf| (Control frame) & O|& & A 'E & I|= &Y g 840t NDP(null
data packet) & O|& & AM'd T E ulc i WHof Cistod ECt FAMEHo =R
Abm 2t

1) A o] Z & Rl(Control frame) & O| £t I| = &Y w4y

MiIMO & Z 0| A Beamformer & MAC &lICH0f| ZEE HT control EEZE S5l
M Arel HE o e ¥ X| A5 HLE, Beamformee & MAC X & & &l off
EZEE HT control ZEE Sall Aid M el HEE B8 = QCh HT control
ZIE = Control Wrapper I 2| 2 O|Lt MAC &I 2| Order HE EETL 12 MY E
QoS Data Z &, a2l = ol ZEE 5 Uch

T 102 2UdHO MEE 5= Ues FH S AAHAHAM HT control HE9|
VHT ESE oAl EtCH

T 108 B ZESH, HT Control EEE= VHT AMEZE=E HT A 0{ O|S(HT Control
Middle) AME EE=, Ac X EHAC Constraint) AMEZE 4l of8F3F & 9I(RDG:
Reverse Direction Granty & 7} PPDU(More PPDU) MEEEZ T M E 5 QlCt

VHT MEZEE HT Control EHEJF VHT & 98t HT Control ZEQ| XOHE
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[286]

[287]

[288]

[289]

[290]

[291]

[292]

JFRI =Xl EE=HTE IS HT Control EEQS| ZUHE JIX|E=X| 058 & K| Al St
T 100 = VHT & @I8HHT Control EHEE 71 &350 AHESCH VHT 2 @ISHHT
Control EEZ VHT Control EEZ X|&E 2= QCh

HT Control Middle AME ZEEi&= VHT MEZE=9o| X|Alo 2t ctE ZUE
JFXIE S 3732 = QCI HT Control Middle AMEZCE of cHdt E o} & Al &t
HdE2 s et

AC Constraint A E Z= = <4t 2 (RD: reverse direction) Gl O|E = g &2
o Z! Fl AC(Access Category) 7} Ct U Acof g & El ZdQIX| o= K| A| &t

RDG/More PPDU MHE Zci= siE ZE=7F RD 7HA| X} (initiator) = &= RD
SHERXt (responder) 0l 215t 01 & £l = x| R ol et k=7 sHA{ g = Uch

| [=]

=

RD ZHAIXIO] 2]5tod H&EE ZH2, RrRDG 7} EAME = Z 2 RDG/More  PPDU
oot '1'2 MAEEl D rRDG 7 EMEHR] e B2 o2z MHEELCH RD
S E X0l olstod TEsE B2 Y HMBEBE=E x Es5t= PPDU 7H RD 8 EHAHo]

o|si ™MEE Orx|9f = do|H'I'E2 MY EID, E CHE PPDU 7 DSEI H
o'e gz 43 Ech

HT Control Middle A E Ec = 0iH| H| E (Reserved bit), MCs I|E= & 2 H(MRQ:
MCS(Modulation  and Coding Scheme) feedback request) ME Zl= MRQ A|#HA
AlH I (MSI: MRQ Sequence Identifier)) Al&S 7 25 3 Z(STBC: space-time block
coding) MHE ZEE Mcs I|E B A[HA AEEXE(MFSI: MCS feedback sequence
identifieryy 18 ID %5t 9| H|E(GID-L: LSB(Least Significant Bit) of Group ID)
ME ZIc Mcs I|E #(MFB: MCS Feedback) AME Zc 38 1D %4
H| E (GID-H: MSB(Most Significant Bit) of Group ID) MHE Z= 3 T E} 2|(Coding
Type) ME ZE 1Ilc 8 ™& EFQ(FB Tx Type: Feedback Transmission type)
MEZCc al xjehx ymFB(Unsolicited MFB) AME Zc gz [ M= 4= Qlc)

E 32 VHT EO| HT Control Middle AMEZeof ZEE 2t MEZcof Cfdt
HE S LHE}HCE

F 3
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[Table 3]

PCT/KR2015/000996

Megde

o| o

(=Re)

MRQ

MCS request

MCS I| = ®(H|AFEA (solicited) MFB) &2
¥l 49 '1'2 dEEHIOTEX| 2 3%,

ocz MHH

MSI

MRQ sequence

identifier

Unsolicited MFB AME EHE=7F ©0'0l1Z, MRQ
MEEE? '1'2 AHEEH, MSI HE EHEE
EY H2 MdEs=s oUXI6EH W AIH-A
H5E T EE Unsolicited MFB A E ZcJ}
‘1'o|H, eFFE MSI(Compressed MSI)

MEZE (2H|E), STBC X|A|(STBC indication)
MEZE ({HE)E Z&gd

MFSI/GID-L

MFB sequence
identifier/LSB  of
Group 1D

Unsolicited MFB ME EHEJF O'22 HAHE|H,
MFSI/GID-L AME EH=EE= MFB HE of pHdE

gl i =EE OMSI o =4 ZAS
Z &g Unsolicited MFB A E ZCJ}
MZAE D, MFB 7 MU PPDU 28¥E F=H &
74 ol , MFSIIGID-L AME H=Es MFB 7t

ZHE PPDU 2l I8 ID2| %5 2/ 3HIEE

¥ -3

llli

MFB

VHT N_STS,
MCS, BW, SNR
feedback

MFB ME Ze=E FHMEE MFB E
ZEE VHT-MCS=15, NUM_STS=7 £
= eo| EXER| RlE ZWE X|AlE

GID-H

MSB of Group
ID

Unsolicited MFB AfE EHEJ}
MFB 7} VHT MU PPDU 285 F XM E Zdo|H,
GID-H MEZes AUA MFB 7 £ E
PPDU 2| 2 & IDQ| %4 Q| 3HIEE

T#E MFB 7t sU PPDU 2FE FHE ZWolH,
GID-H MEBEceEE DSF 12 HHE

'z ddEln,

Coding Type

Coding type of
MFB response

Unsolicited MFB ME EHE7F '1'2 Mg ™,
A% EQ HE EHeEEs AUA MFB 7F & E
= gl o =Y El & (BCC(binary
code) 2 0, LDPC(low-density

fym MR

convolutional

parity check) 2

FB Tx Type

Transmission
type of MFB

Unsolicited MFB AME ZIcJyh '1'2 MAE gD
MFB 7} & = & £| X| &f 2 (unbeamformed) VHT
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[293]

[294]

[295]

[296]
[297]

(298]

[299]

[300]

[301]

response PPDU 28E FAE Z10|™, FB Tx Type
MEZEEE 022 43 Eunsolicited MFB
MEHST 'I'2 d&™ElD MFB 7t

Hl z A El(beamformed) VHT PPDU ZFE|
FHE ZJo|HFB Tx Type MEZHEE 'I'2

A% g
Unsolicited Unsolicited MCS |MFB 7} MRQ Ofl CHEt E0| H'I'2
MFB feedback MM EMFB 7 MRQ Of CHEF 8HO| ofL]™
indicator oez M3E

agln,MFB ME EEE VHT 3 7HA| ZF AE2] JH==(NUM_STS: Number of
space fime streams) A E EE VHT-MCS A E Z= [CH A= (BW: Bandwidth)
Meze A% cf £#3H| (SNR: Signal to Noise Ratio) ME ZeZ xEhet

NUM_STS MEZEE= FHss 7 AE 29| Ji=& X|A| &t vHT-MCS
MEEHEE FHSs mcs & XAl 8tk BW ME HEE FHs= mcs &
FHE CHHZE HYEE XAl ECh sNR MEEHEE Ol olE MEF] 2lof & 37t
AER 4o B sNR U2 X|A| St

HM dEE 2 HESo T EEl= YEES IEEE 80211 AlAEC] HHolE

2 4 Qlct =8t oA sz Zicse mac Z dlgol =g £ o=
TeE9 oAl siEstH, olo Bt EIX| 2=t &, oA dHE 2 Lot
Ct2 Z=2 A HUY FI2sel 2et o X28E = Uel, 2 et
LMoz X EEX| 8 =X AUch

2) A 'F AI2 %Y (channel sounding) € O|& & I| = &Y 4ty

T 112 2 UYTOME8E = Us BN S84 AIAHAOAM &M AHRY (sounding)
HHE IHNEXMe 2 LEh & =S o|ct.

T 110 = A2 T 2EZ (sounding protocol) & 7|7 2 Beamformer( O E

£ 01, AP) 2} Beamformee (O0E Z 01, non-AP sTA) Zte| &' & Bl & ¥ (channel
state information) £ I|E= 85t = &S o Al Etct. AlRY T 2EZE (sounding
protocol) 2 AM'A A Ef HE o CHE MEE Tc W gh= MXE o0l g £+ Uct

Med Z2EZE J|ZZ & Beamformer 2 Beamformee 72| A'd AME| HE
AT 22 oot Z2 BHE s=dE 5 Qo

(1) Beamformer OflA Beamformee 2| I|=8iE 2|8t AIR2E THEE2 L 2l= VHT
NDPA(VHT  Null Data Packet Announcement) X ol 2 T & &tcth

VHT NDPA Z e &' A% 0] 7§ Al =l 2, NDP(Null Data Packet) O] &E
Zdels o277 2s AF8El = Ao = & l(control frame) 2 2| 0| &tk CF Al 2+ 3&H,
NDP 8 T&35t7] T VHT NDPA Z Bl S TSE 2EM Beamformee 7F NDP
zPUS A7 W AMI A E| FHEE T=9 57 98 FHE SIESE & £
dck.
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[302]

[303]

[304]

[305]

(306]

[307]

[308]

[309]

[310]

[311]

[312]
[313]

[314]

VHT NDPA X P22 NDP 2 Z1& 8 Beamformee 2| AlD(association identifier)
SH e e HE §8 ZE 5= UCL vHT NDPA Z g Yo CHEF E o}
M et MHEHE2 F = ot

VHT NDPA Z B2 Mu-MMO E A835tod CIOIEHE T&sie B
SU-MIMO & Al 830 CIO|EHE Xasle 9 ME CE Ts Y4loz TaE
= ACh ol Eof,Mu-MmmO E QE M AIRE & = 835te B9 VHT NDPA
ZpUSs BERE F|A E (broadcast) H A2 & 5L, su-mimo B e xiE
Mg E =85l Z2 stLte] CHa STA 22 VHT NDPA Z 3¢
F L FHA E (unicast)y H Ao 2 T&E 5= QUCt.

(2) Beamformer ©= VHT NDPA Z PSS & F F,siIFs Al7F F ol NDP 2
& gch NDP 2 Ol OlH ZEE AN el8t VHT PPDU F+ZE 7HEICH

VHT NDPA X B2 =4I8t Beamiormee E 2 sTA HE Ecof Z&E AD12
MBI Zts =#olstn, XHAlo] AFRZE CHA sTA QIX| =Helg 4= Qlch

£t Beamformee S 2 NDPA Ofl Z&E STA Info ZEQ| =AME Sl ul= Y
=ME & 5 Arh £ 110 = T|E ¥ &= A 7} Beamformee 1, Beamformee 2,
Beamformee 32| =AM E Tl El= B E oAl EHCHL

(3) Beamformee 12 NDP Of Z&E E 2l old & E (training field) & 7%
StEa 3 A M Ef HE E £ 55104 |, Beamformer Of| Al H&E 1| E &4 X

9,].

fijo

=2
B2E

Beamformee 12 NDP Z &S &l F siFs O|Fo0i| ul=4 HE S Zas
VHT 2§ &FE ¥ a(VHT Compressed Beamforming) X 2l &!2 Beamformer Of| 7|
& ot

VHT Compressed Beamforming X Bl 22 Al& 7t AEZ! (space-time stream) 0|
CHEH sNR ZF, M E 7l 2| 0{(subcarrier) O CHEt FE Bz gl uj= i

2d(compressed beamforming feedback matrix) Ol CHEt &2 S o| Z&=E =+ JUch

VHT Compressed Beamforming X i ioi CHet 2t A M3 MH2 £ = it

(4) Beamformer £ Beamformee 12 25 E| VHT Compressed Beamforming X & &
=& & sIFs O|F 0l Beamformee 22FE Ad EES 7| @l =z 21
Z (Beamforming Report Poll) I 2| 212 Beamformee 20{| 7| T™& gk

Beamforming Report Poll Z 2|22 NDP I 2|1t S Uet Aeg S 5= &5t
Z M U2 A , Beamformee 2E T4 Tl £ Beamforming Report Poll i 2| &
Z|IZ2 M A ENE 5HE = Uct.

Beamforming report poll frame X 2i ol CHgh 2t &M M B DHE = & Fhoh

(5) Beamforming Report Poll X 2| 2& == &l & Beamformee 2= SIFS O|F 0f
e el M2 Z3F VHT Compressed Beamforming X &l &€ Beamformer Of| 74|
T st

(6) Beamformer = Beamformee 2=25E| VHT Compressed Beamforming = & &
=4l & sIFs 0| 0il| Beamformee 3ZFE #<d HEE 17| 251 Beamforming

mo rir
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[315]

[316]

[317]

[318]

[319]

[320]

[321]

[322]

[323]

[324]

[325]

[326]
[327]

Report Poll = 2l &l 2 Beamformee 30| 7| & & §tc},

(7) Beamforming Report Poll = 2| & = 4l §t Beamformee 38 SIFS O|F& of
o= HeE E ZEEF VHT Compressed Beamforming = 2l &l 2 Beamformer of |
™ & gtoh

olsh, &AM HEE M AREY Hxtoll M A4S = = el ol sk o & 7 ECt

Enres B dUEOoMEE = U T S AlAHolM VHT NDPA Z 2 YE
OlAl &= = ™ olct,

£ 128 A s VHT NDPA = o 2 = 2l & Al of(Frame Control) EHE=, X| &
Al 2 (Duration) ZEZ=, RA(Receiving Address) ZE=, TA(Transmiting Address) ZEZ=,
Ateg cltol¥=2Za E 2 (Sounding Dialog Token) ZZ=, STA ME 1(STA Info 1)
Ze fX| STA EE n(STA Info n) 2= Y FCSZ2 74 E += ch

RA EE= 22 VHT NDPA Z Bl YE = &lstes 41K F £ (receiver address)
£ &= STA FAHE LHEHCE

VHT NDPA = 2fl 0| stLt2| STA Info E=8& X #sls E9 ,RA EE U8
STA Info = LH AID of o8l Al El= STA of FAE 7HTch & 01,
SU-MIMO ' AHRE 2 fIstod stLtel CHd STAS2 2 VHT NDPA Z B Y&
Taste ZS,APE VHT NDPA Z 2| S 4 STA o #l § LI 7H A E (unicast) 2

gt VHT NDPA = ol o] &t L} O|4F o] STA Info EEE ZE &5t Z % ,RA
Ze gte 22c J|AE  F A (broadcast address) & 7| TICt o & & o, MU-MIMO
M ARE 2 2stod Mojx &Lt O|4 o CHa STAS 2 VHT NDPA Z Bl E
M&steE ZS,APE VHT NDPA Z Bl HR2E= sfA & gl
EE g2 VHT NDPA Z ol¥& T&stes SR F 4 (transmitter  address)

T daste STAQA FA EETAE Alodds8tE C{YEE LHE HHCE
Sounding Dialog Token ZEE A2%Y Al # A (Sounding Sequence) ZeEz2 2 2
= £ 2lc}. Sounding Dialog Token ZEZ= L} Al2% cCrolgdza EZ
1 % (Sounding Dialog Token Number) M E ZHEE VHT NDPA Z 2|2 A H35l7|
?| 3t 04 Beamformer ©0i 2| s =4El gr& = & Fhch

VHT NDPA = g e Ho|x sLte] STA Info E=E =X # §tch &, VHT
NDPA Z 22 Al2E o4 sTA o Cif 8 ME B % gslE STA Info ZEE
X g gtct. STA Info EEE AMRT e STA otct stuby =g £ Qch

ZF STA Info ZEE AID12 A E Zc=, Il = ¥ Ef 2f(Feedback Type) A HZ= 4l
Nc 2/ El A (Nc Index) ME Zez2 FAHE £ Qlch

E 4= VHT NDPA = g doll % & £l &= STA Info BEEQ| ME EH=E LU EHCE
E 4
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[Table 4]

ABg= 1™ (description)

AID12 ARS-H =Wl ) Alo] ¥ 3= STAL] AIDE ¥313t) A STA]

AP©S] 711} 1| 4] (mesh) STA©] 7] 1} IBSS %181 STAS! 7 -9, AID12

Arde gl 0= 4A%

Feedback A} A STAC) o 8F sij = ul @ 3 gl ]S %] A] 3FSU-MIMOS!

Type 4 9-'0',MU-MIMOS! A4 $-'1'

Nc Index Feedback Type 4] E.E =7} MU-MIMOE A A 3}= 4 5, i35
Wl sz vl 5] =0l 3l 2] (compressed beamforming feedback matrix) 2]

p g

A (column) 7 5=(Nc)oll A 18 =273 4h-S %] Al $FNe=1 7 -,
'0',Nc=2 745, '1",...Nc=8 7 9-, '7'SU-MIMO?S! 735, <l ¥]
ABd=2 444

[328]

[329]

[330]

[331]

[332]

[333]

[334]

[335]

[336]

M At 2t e ZEEE BESS IEEE 802.11 A|AR9 HolsE
& = Uct =8, M dFE 2 LWes2 vMAC Z oo Z8E = Us
Zeso oAlo #igstod, 8 E=2 oAz AU, F2hEHQ HE2 o 288
= Uk

T 32 2 Yo HMSE = Us F4 4 Al oA NDP PPDU 2
ol Al 3t & = ™ olCt.

T 138 FxstH NDP 2 YM £ 49 22 VHT PPDU X oM Ol OlH
Zicyt MeEFE Zoig 71E 4 k. NDP 2 S = 2|32 2 & & (precoding
matrix) & 7|¥e=2 = 2|3 Y (precoding) T/ o AARE CH4 STAS=Z TsE =+

NDP 2| L-SIG E =04 dole E=o =&zl Psbu ZO|& XlAlst= &0l
ZiceE o022 Md™ E

NDP o] VHT-SIG-A EEZ oA NDP T&E2 2a ASE TS 7|0l
MU-MIMO @I X| & & SU-MIMO ¢/ X| X| Al & &= Group ID EEE SU-MIMO
HEE X|AlstE ez HH™Eoh

NDP 2| VHT-SIG-B Z=9o| HIoIE{ HIEE cl¥E Wz 1 &E HE of = (bit
pattern) 2 2 A A gl c}.

A2 Ci4 STA 2 NDP E == £15HH, NDP 2 VHT-LTF Z=E 7Jjdtle=z
MEde FHstn AME A Ell HEE &S ot

EuUucs 2 o MEE = U FH S Ala oM VHT 5=

g2 % Y (VHT compressed beamforming) = ol & ZOE ofAlst= = & o|Ct.

T 148 # Z 5™, VHT compressed beamforming = 8l &2 VHT 7|52

K| §{st7| @ 8 VHT 5 = (VHT Action) = gl 122 A{ , Frame Body 0l Action
Zice = g #tot Action ZEE MAC Z ol ¥ 9| Frame Body o &% of & E
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[337]

[338]

(339]

[340]

[341]

[342]

[343]

[344]

[345]
[346]

Zel SEHES BAlE 7| e HZ{LIE S M3 St

Action ZEE ZHE|IE| (Category) EE, VHT S E(VHT Action) EE, VHT
MIMO Al O{(VHT MIMO Control) EE, VHT FE 2=Z 2 H 3 (VHT
Compressed Beamforming Report) ZHE LU Mu ©E UX 2 BT (MU Exclusive
Beamforming Report) ZE=Z A EC}H

Category HE&+ VHT ZHEIZ 2I(F, VHT Action ZBIH)E X|AlsteE ez
MAE| 1, VHT Action EHEE VHT Compressed Beamforming X S X|A|GHE
U2 d¥ECL

VHT MIMO Control &&= HEZ Y =8 phedEl Ko FHE T = #4517
2|5t of AFE EICE VHT MIMO Control EE=i&= VHT Compressed Beamforming
ZEdol g EME = Aok

VHT Compressed Beamforming Report ZE& Ol O|EE ™& st ARl =
Al S 7 AEZ] (space-time stream) O] CHEF SNR HE J7F ZEE Hx 2 OiE 2|0
Chet §HE 1= 85t7| 95t o A S EICH

MU Exclusive Beamforming Report HE&= MU-MIMO TI&E8 &8ss 8%
27HE A EZI (spatial stream) Ol CHEF SNR HE E 1| 8517 |5t of A2 EIC}
VHT Compressed Beamforming Report &= 2! M U Exclusive Beamforming
Report ZE=9o| E X 045 LU LH& (content) 2 VHT MIMO Control ZEQ| IS i
El 2l(Feedback Type) AE EE=, Fhof IZ|= 2 A|2HE (Remaining Feedback
Segments) ME ZEE %X IZ|= 8 M OMHE (First Feedback Segment) A E ZE 9|
holl upet ZEE =+ ok

0|8, VHT MIMO Control ZZ=, VHT Compressed Beamforming Report ZE L
M U Exclusive Beamforming Report EZ=0 CH5to{ ECl 7 XX 2 &1 2Lt

1) VHT MIMO Control EE&= Nc 2EA(Nc Index) MEEHE, Nr QIEIA(Nr
Index) ME ZE, i Z (Channel Widthy ME EE=, 5% (Grouping) AMEZE,
RS HH(Codebook Information) AlE ZE I|= B E} Ql(Feedback Type)
MEZE ZFHod | U M|[2HE (Remaining Feedback Segments) AME ZE X|F&
IlE W MIOHE (First Feedback Segment) AME Zl= oflH|(reserved) AMEEE= 3
AR2Y Clo|gdza E & 3 (Sounding Dialog Token Number) AH ZEZ
T A EC}.

F# 5= VHT MIMO Control EHEQS| ME ZEE LIE}LHCE

&E 5
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[Table 5]
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MEEC

m
i

A1 & (description)

Nc¢ Index

w

S=5E 2z ule o g 2d(compressed beamforming
feedback matrix) 2| (column) JH==(Nc) OllA 12 =tztst
2t 2 KIA|&Nc=l ZB,0Nc=2 Z2,T.Nc=8 &=,

l?l

Nr Index

A5 =z Y ul= = & ZH(compressed beamforming
feedback matrix) 2| &(row) 7H==(Nr) Ol 18 RIZE
2 XIAIENr=l BR,0N=2 B2, T .N=8 T2, 7'

Channel Width

fEE 2=z ol ulc o 224 (compressed beamforming
feedback matrix) 2 435t 7| ?I5t0d S5 HE= R
CHd & S XIA|&20 MHz Z# 2,040 MHz &<, T80
MHz Z&<,'2', 160 MHz 5 & 80+80 MHz &#<,'%

Grouping

gSE W=l ul= 8 3l 24 compressed beamforming
feedback matrix) Ol AFSE MEF{Elo{ TEE (Ng) 2
RIAlENg=l( OIEE QI3) E%,0,Ng=2 &%, TNg=4
Ad%,2 3 W2 od| ke dFEE

Codebook

Information

Fes QAEE (entries) 2| AO|ZE XA E Ul = oY
El 21 0] su-MIMO &A% ,bW=2, bO=4 Z 2,0 bW=4,
bo=6 ZA<,'1'T|= 9 E} | 0| MU-MIMO ZE <, LW=5,
bO=7 AL, 05¥=7,b0=9 B2,'1'0{7|M, ¥ Xbs =
YAstE HE =8 o|O0/F

Feedback Type

Ile g e XAl EsSu-MIMO TS, 0 ,Mvu-MIMO

@2,

Remaining
Feedback
Segments

2t24El VHT Compressed Beamforming X &l 10i i &t
Thof mle W NI O HEQS| I8 XIAEEEH

Y 1 (segmented report) 2| OFX| 9} Tm|= W M| OHE £ =
Bstg| x| 22 H 11 (unsegmented report) 2| M| 2 HE QI
B2, 0202 Y EHEEE E 1 (segmented report) 2l
2z J2l1 o x| Y Tl MOHET} ot B,
"T'oll M At O|2] ez M EEEE E 1 (segmented
report) 2| OFX| 2 M2 HEZ} of -l I|=E 8 MO HEQI
BL,'1'0lM e Atolo] ez MAEENTS e B
MOaHES A< Zcs= 2 el T35 (orginal
transmission) 2| 2HEE MO HEI SUE ez
A E
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First Feedback |1 EetEl B 1 (segmented reporty 2| = F I|C 8 M OHE
Segment L= 285K ¢t2 ¥ 1 (unsegmented report) 2| I| = B
NMIIHER F2,'I'2E dYEHEIX Tl Y MOHET}
Ol AR &&= VHT Compressed Beamforming Report
Z!C 32! MU Exclusive Beamforming Report & E 7}
Z ol EMeXR s B9, 022 dHENMTS
I = jMoHES| B2, ZEHeE 2 el X5 (original
transmission) 2| ZrEAE MO HES SUF o=
H43E

Sounding 6 NDPA I P o] AH2E Clo|d21 E Z(Sounding

Dialog Token Dialog Token) Zie=z A& E

Number

[347]

[348]

[349]

[350]
[351]

VHT Compressed Beamforming X il 2 O] VHT Compressed Beamforming Report
Zco| MR &= URE TESIX] 2= F S, NcIndex AME EE, Channel Width
ME ZIE | Grouping A E Z=, Codebook Information AE ZIE, Feedback Type
MEELCE 2! sounding Dialog Token Number ME Eci&= od] Eez M1
First Feedback Segment ME ZC &= O'2 A Z E|H, Remaining Feedback Segments
MEZEcE 72 M- ECH

Sounding Dialog Token Number AMHE ZE= ARY Al A 15 (Sounding
Sequence Number) ME EEZ E2l =5 QlC

2) VHT compressed beamforming report ‘QE._ & Beamformer 7} A E|0{ &

Z(steering matix) 'Q' S A5t 7| ¢l A5t USFE HEZ A uc 9l

24(comporessed beamforming feedback matrix) V' & Zt = o] HE|Z LIEHH
HAIMel mle 8 HEHE st 2504 A ECL

E 62 VHT compressed beamforming report ZE2| AME EC 2 LLEFHDH

£ 6
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[352]

[353]

40
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[Table 6]

MBE= H]| E 4= 4174 (description)

Al 2EYH 19 HA 8 Beamformee©l| 4] A] &%k

SNR(Average SNR of Space-Time ZEY 1o )3k v &

Stream 1) A B 7l gl o] & Aol *1 o] g+t
SNR

Al F3ZF 2EYH Nco| 3o 8 Beamformee®l] 4] A] &7}

SNR(Average SNR of Space-Time

Stream Nc)

2~ E Y Neoll of§t .
AME Ao E ol Ao H
SNR

] B 7)) 2] o] k=scidx(0)°l] t 3t
ShEE WY V= gy
V(Compressed Beamforming
Feedback Matrix V for subcarrier

k=scidx(0))

Na*(bW+b®d)/2

alle A Eaf el ool o &
oFZ ¥ Wl sEn) u) vl

8l = (Compressed
Beamforming Feedback
Matrix)2] 2+ 5 2] A

A B 7l 2] o k=scidx(1)°l o g+
DE SR E A
V(Compressed Beamforming
Feedback Matrix V for subcarrier
k=scidx(1))

Na*(bW+bd)/2

g g A B ofell tht
5 WETY v
8 = (Compressed
Beamforming Feedback
Matrix) 9] 2} 529 54

e WEY V= gy
V(Compressed Beamforming
Feedback Matrix V for subcarrier
k=scidx(Ns-1))

2] B 7l 2] ©] k=scidx(Ns-1)el] th 3} |[Na*(bW+bd)/2

3 A B ejofol thjt
S ¥ WEY =y
& & (Compressed
Beamforming Feedback
Matrix)2] 2} 5 2] =4

Ee6= F=E

StH, VHT compressed beamforming

report ZEO| ME A2 7H

AEZ ZiZtof| ohet HE sNnrR I Z4Zto| MEFHZ[o{of CHEh &SE -z Y

I|= ¥ sl 2d(Compressed Beamforming Feedback Matrix)

v 7 ZeE 5 ok

SAEE dHzy e A2 D 48 CHe HEE Z§er P A
MIMO & AISE TI& ZHHolM D 2(F, AE|l0]{2 & T(steering matix)

Q) 2 tHESHT| 215 od A ECL

scidx() © Compressed Beamforming Feedback Matrix A HEE 7} M& &&=

Me Fielo{E 2|0|stCt Nas Nr x
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2x 121 &2, 011, w21, ..)

[354] Nst Beamformer Of|7 &S € Yz U u|c ¥ dHo| TS == MEFH 2|02
=& <|0|EtCt Beamformee &= IEE WS ALE50o ¢AFE HxE g ¥c i
ol TS E=Ns2 8 EYL =+ UCL o|E S o, 52| AMEIH 2lo{E

stLiel DI EcE | GHY O E H2 4S8 YHx o s ddbs

Mgt o2 meues SASE YHx d ujl=W zdo] 7|8 & U + UCh
Ns&= VHT MIMO Control ZE=0f ZFE Channel Width AME Z =9} Grouping
MEZC 2RE 4EE o+ UL

[355] E 72 A3 AER o W SNR(Average SNR of Space-Time) Stream
MEEZEE oAl
[356] ®7
[Table 7]
Average SNR of Space-Time i A] B3 = AvgSNR;
-128 <-10dB
-127 -9.75 dB
-126 9.5
+126 53.5dB
+127 > 53.75dB
[357] B 78 HEsH MBS AER ZiZof CHEt WE sNR 2 Adol| 28l =

Me7izlo] ™ol CHet B sNR 22 &FE5t0d O gt s -128+128 HRIZ
&5t of &= ECH
[358] 3) MU Exclusive Beamforming Report EE=&= ZE}A) SNR 2| HEHZE LIEHH
HAIMOl mlE ¥ HEE MME57| 60 AF ElCh VHT Compressed
Beamforming Report Z = 9 MU Exclusive Beamforming Report ZE L HE =
M U Beamformer 7} A E|042! &l 2d(steering matix) 'Q' E ZAA 35t 7| 25t 0 Al =

= Uch

[359] F 82 VHT compressed beamforming X &l &0 Z& Xl = MU Exclusive
Beamforming Report HEQ9| MHE ZES LIE}LHCH

[360] & 8
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[Table 8]
ABg= 4 "4 (description)

Al 2EF 1, A B 78]
k=sscidx(0)°ll o - =1 E} SNR(Delta
SNR for space-time stream 1

forsubcarrier k=sscidx(0))

&l - A 8.7l 2] o] of] o $F SNR
A AT 2EY ] A A

A B 7l g]efel] of 3 3 SNR
zre] Hz}

A &3F Z2E % Nc, A 8.7 2] of
k=sscidx(0)°ll of ¢} 2 E} SNR(Delta
SNR for space-time stream Nc
forsubcarrier k=sscidx(0))

3l g A Bl 2] ofol] o & SNR}
g Al Tt 2=Ef 2] AA

A Bl g]ofell o ¥ H Y SNR
kel Az}

A F2EH 1, A B g o
k=sscidx(1)°ll th%F 2 E} SNR(Delta
SNR for space-time stream 1

forsubcarrier k=sscidx(1))

& A vl g]ofell o F SNR I}
A Al EZF ~2EY] A

A B 7l e]of el off $F H 1 SNR
zre] A=}

Al E 3 Z2E¥ Ne, A B 2]
k=sscidx(1)el] th ¢t L E} SNR(Delta
SNR for space-time stream Nc

forsubcarrier k=sscidx(1))

sl A r7)2lof ol o 2 SNR
& Al F 7 2E Y] 2 A
v 7))ol o3 3 SNR

zrel Az

Al EEET 1, A8 72 o]
k=sscidx(Ns'-1)°]] of §F 2 E} SNR(Delta
SNR for space-time stream 1
forsubcarrier k=sscidx(Ns'-1))

3 g A B.7) 2] of ol o) & SNR
g A gk 2= e A
A B 7l o]el gk 3 SNR

ko] Azt

Al &2 2E | Ne, A B.7) 2] o]
k=sscidx(Ns™-1)l] th &+ =1 E} SNR(Delta
SNR for space-time stream Nc

forsubcarrier k=sscidx(Ns'-1))

&l & A B.7) 2] o]l o §F SNR 3}
G Al T 2E- e A A
A B 7] g]o]el thgl 3 SNR

kel HA}

[361] X 82 EZ M, MU Exclusive Beamforming Report ZE oAM= AME 42|04
HE A2 AER] G sNR O] ZEE £ QlCh
[362] Z} Delta SNR ME EZE=EE -8dB 0| 7dB Al O|0llA 1dB & &7 = ZF2 7HEICH
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(363]

[364]
[365]

[366]

[367]
[368]

[369]

[370]

[371]
[372]
[373]

[374]

[375]

[376]

scidx() & Delta SNR ME ZHEJ} &Kl = MEFHE[0o{(5) 2 2elo I-}J_ NsE
Beamformer = Delta SNR MEZ! C 7} M& 5|l= AHEFH 2lo{e] =2 2| 0| gt}

T 15 EYHOINMEE & U
Z (Beamforming Report Poll) X g 2 of Al 8t = & ™ O|C}.

T 158 ZZ 5™, Beamforming Report Poll X & 212 = g & Al 0f(Frame
Control) ZE, X|Z% A|ZH(Duration) Z=, RA(Receiving Address) ZlE,
TA(Transmitting  Address) ZE&, I|= 8 MOMHE X F™& H|E ¥ (Feedback
Segment Refransmission Bitmap) ZE 2! Fcs 2 Z &35lo{ 7 4 ElCh

RA EC Zt2 cH& =4IX} (intended recipient) 2] =42 LIE}HCEH

TA Z & 7I 2 Beamforming Report Poll Z M2 M&E6t= sTAS =4 £ &
TAE Alad8ste Y= & L E o)

Feedback Segment Retransmission Bitmap ZEE+& VHT ®FFE x el H 7 (vHT
e 8 IOHEE X|A| St

ZrollM fxl n2l HIE 7}
'1'olH((sB A n=0, MSB A n=7), VHT compressed beamforming X & &2l
VHT MIMO Control ZE L§ Remaining Feedback Segments A E Z = oA nZt
&8st IE 8 MOHE 7t @ FECH BtH, f{xInll HIE 7} 0'0|H, VHT
MIMO Control ZE LH Remaining Feedback Segments ME ZE oA nI} & S5t E=
e MO EJ  EEIX| 2f=ct

=E
Compressed Beamforming report) OlA 2 H &&=
=

Feedback Segment Retransmission Bitmap

J& MY X} (GrouD D)

VHT WLAN AlARIES Hrh £2 %28 2 ?5tod Mu-MiMO T&s WS
XlHst22, AP= MIMO HHO{ & E Ho{x 5Lt O|lah 2| sTA ol Al & Alofl E|O|H
S a5 = Ack A= AHAIRE Z g (association) TI0| Y= H+0| STA E
3 Ho{x &Lt ol el sTA & E&5t= sTA 280 A Clo|EE S Aol T&E
= RUCE oE S0 HO{ZESTA L == ZCH4HY = U2, 2lC S
AER] =787 Y ml Z sTA oll= ZICH47He 32t AER o] €EE = ch

SEEF, TDLS(Tunneled Direct Link Setup) O|L} DLS(Direct Link Setup), M4
L E € 3 (mesh network) & X|#3dt=E WLAN AlA Eo|AMHE=E CIO|IEE ®M& 5k
5t = STA Ol MU-MIMO TI& 7| HE Ar&s5tod pPPDU & S52| sTA S ol 7|
H&E 5= Uch

o|5t, AP7} 52| sTA oA Mmu-miMvO T& 7| of 2t PPDU 2 TS5
Rg o2 S0 UHsI=H/ St

APE= Hlol3 H T& the sTA OE0 &#5t= sTAH M2 CHE S
A E 2 (spatial stream) 2 S35l0{1 PPDU 2 S Al oi| T & Stk =S HEQE ZH 0],
VHT PPDU XZOHO| VHTSIG A ZEc=&= OF ID HE 2 AISZHAER HEE
Z 85tod Zt sTA 2 AHdlofl Al & =l = pPou QIX| &Qlgh = ct o, M&

rr
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[377]

[378]

[379]

(380]

[381]

[382]

[383]

[384]

[385]

3 AE 2lo| & &lX| gfot clo|E{ 7t

rr

Che sTA 282l S§% sTA o7
FME x| obS &5 it

St Lt O|&F Of Group ID Ol & &5t= A AL | x| (user position) =
& S (assignment) ot 7L} &£ = B Z (change) 3t 7| £l5t0d 2 & 1D &2l (Group ID
Management) X 2| 0| O|& EICt. & APE MU-MIMO &S == &st7| Tof
Group ID Management Z 2 Sl 5§ 08 102 HZEE STAES dedE =
dck.

T 162 2 HHO MEE = Ues FM B4 AlA EOIM Group ID Management
ZYUS oAlSHE =™ o|Ct.

T 162 E X SI'H, Group ID Management Z H S VHT 252 X527 L8
VHT S ZH(VHT Action) Z 2|92 A, Frame Body Ol Action ZE=Z I gt stct.
Action Ec = MAC I Bl 22| Frame Body Ol &% o &EHE 22| SEHES

HAIEHZ] & H7FLE S A3 stk

Acton EEiE= FHE|D 2| (Category) EE, VHT & ZH(VHT Acton) EHE, HH 4
AF Eff of 2l Ol(Membership Status Array) ZE 2 AFZ XL 2| x| of &l Ol(User Position
Array) Zez 3 A Eich

Category ZHE{ VHT ZHE|Z 2| (F, VHT Acton Z B )E XIAlstE 222
M E|D, VHT Action EE&= Group ID Management Z B2 X|AlstE= 22
A Eck

Membership Status Array ZHEE Zf 2§ HZE 1 H|E o] "4 & Ef(Membership
Status) M E Ee=2 F A FElCh Membership Status ME ZEJ 022 HANEEH
STA Ol slE aEel Y7t ob S LtEHHD 'I'2 MEEH sTA Ol Y 2EQ
HH LS LFEFHCEH STA & Membership  Status Array ZE LH 3t L} 0|abe]
Membership Status ME ZE7} 'I'2 MHEEo=2M &L o|4e] aFo| gE
4Lt

STA £ A} Alo] % 8t 2F 2 &0 A sFLte] AFRAF 9| x| (user position) & 7F&! 5=
QlCt of 7|, AF2 A} | X|(user position) 2 STA O] &S 1 & 1D ol & & 75'*‘?* SH 2
STA 2| & *AE%! MEZF mu-mivo  H&of HE A S A E Z oA
H 2{xlol all @ 5ti=XIE LEEHHDE

User Position Array ZE= ZF 0§ W2 2 HE | AFEA € x| (User Position)
MEZe=z 3 HEECHE XHAlo]l £ 8 08 LhollMd sTA 2| AR XF 2| X (user
position) i User Position Array E = L} User Positon A E ZZ=o 2|3 x| A|EICEH
APE Zt &0 M SUE MEX 2Ixl(user position) £ A E CHE sTA 0f| A
ggE = Uk

>.

AP dotl IVHTOptionimplemented ut2tol & 7} truer 2! Z < ol B, Group ID
Management Z 2| 2 & & = QL Group ID Management Z 2 VHT S =
R A (VHT Capabilies element) ZEE LH M U Beamformee Capable ZE7} 'I'2
MEE VHT STA | Al Bt & FICH Group 1D Management = 2 12 ZF STA Ol A|
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[386]

[387]

[388]

(389]
[390]
[391]

(392]

[393]

[394]

[395]

[396]

0= BlIAEl (addressed) Z &l &le 2 ®™ & Eict.

STA £ At4le] MAC =A% HE Zl= RA E=8 7hX| &= Group 1D Management
Z g de = Al gtch STA 2 £ 4l & Group ID Management = & & 2| LHZo]
7| ¥t5to4 PHYCONFIG_VECTOR uteto| & ! GROUP_ID_MANAGEMENT £
¢ of ol E gtk

STA © 2 Group |D Management IZ il @le| ®& 2 Jof cf §t STA 2 2HE|
ACK 9| T2 sSTA W H MU PPDU & T &stz| ol g = Elch

MU PPDU = 7% 2|22 0ol STA ol 7l T&El 1 ACK 0| =4IEl Group ID

I

Management ol ol L& o 7|eghsto] STA of #l ®& Elck

82 3 MU-MIMO = 8 &(PL _MU-MIMO  Frame)
T 72 EUHEOMEE £ A FM S AAHoM SR 3 S
AFEAF (multi-user) PPDU ZSHE oAl 8t &= = ™ o|C}.

= 172 siE PPDU E $dlstE STA 2 7ZH=7F 370l , ZF STA Off &5 &=
27 AEZ| (spafial stream) @] 7§47} 10/t 7t & & Lt APoil m o & & STA 2|
=, ZrsTAO 88 Ele S AE 9 =& olof 8= x| &f=ch

T 178 XS MU PPDU £ L-TFs B E(L-STF EE= 2 LLTF E L) L-SIG
EC=, VHT-SIG-A EE, VHT-TFs E E(VHT-STF EE % VHT-LTF EE),
VHT-SIG-B EE=, Service EE, 5t Lt 0|4 9| PSDU, padding ZE % Tall HHEE&
Z gtstod F M4 Ech L-TFs EE, L-SIG EE, VHT-SIG-A EE, VHT-TFs EE,
VHT-SIG-B I oA & 40| oAl9 S U2z o|st A Mt e
A 2 gt}

PPDU X| % 7| 7t2 R| A8 7| @ & HE 7} LsiIG Ee=of =gEl =+ Qlck PPDU
tholl M, L-siIc E=of o|a x| Al € PPDU X|& 7|72 VHT-SIG-A EEe7t #EE
A8 VHT-TFs Ec=71 #gE A £, VHT-SIGB ZE=rh #gE E=, Service
ZeEg TF4d€stes HE,PSDU E 4836t & HIE , padding E=8 FdEstes HE %
Tail 228 T 4€35t= HEE =Z & 8t PPDU & = 4l8tE STA 2 L-SIG Z=o
ZEE PPDU X|& A ZHE XlAlstE HE B S8l PPDU 2| X| & 7| ZHol Cf 8
dEE H5# 5+ Ut

A& ditot Z O|,VHT-SIG-A & S3&l Group ID HE, ZF AHEX & AlS7H
AEZ £ ™HE7J &1, VHT-SIGB E S Z Y(coding) &'d A MCsS HE
S 0| ®& Ect U 2k A, Beamformee & 2 VHT-SIG-A 2} VHT-SIG-B E 2 2l35t1,
Aol s MUMMO Z Qx| o2 & & == Qlct. wetM | 31 & Group ID 2|
H B STA O| of Ll 7Lt 3 & Group ID 2| ™ o|Lt &EEl AER =71 0'2
STA 2 VHT-SIG-A ZE= o|=2E PPDU Z/Jx| 22l AlSe 42 S H==
Mgtz ™M ADE HZE £ Qo

Group ID &= AtEdol Beamformer 7F T &3sH=  Group ID Management = B &

i 5

£ pMEe 2 M, Beamformee 7} o™ MU 3 &0l| =38 & K|, RH4lol H6te=

o o

467



46

WO 2015/199306 PCT/KR2015/000996

[397]

[398]

[399]

[400]

[401]

[402]

[403]
[404]
[405]

[406]

[407]

[408]

BollAd = gHm AR Qx| F o AER £ S35l PPDU & = 4l &R
At

802.1lac 8 7|¥t2 2 8 &= VHT MU PPDU L ®EE & 2 E MPDU &
A-MPDU o Z & Elct. = 172| Ol 0lH E=olA AHol HAE= STA 12
& El= VHT A-MPDU & ol Alstm, &7te| ¥AE STA 22 TS ElE VHT
A-MPDU & Ol A&t O, 8tEte] EAE STA 32 ™ & &l&= VHT A-MPDU &
ofl Al Etct.

A-MPDU £ st == O 0|4 o] Hd5E A-MPDU A 2 Z o (subframe) 2} 0
L X| 3 & El(octet)y & 0| 2| EOF IH & (End-of-Frame pad) & = g3&tof T 4 Elch

Zt AAMPDU A E=g ¥ sttel MPDU T EAL (delimiter) EE=E = g 3stm,
MEi ™o 2 MPDU 7t Ol%ol| Z & xloi & = 2Ack A-MPDU Ui Of X| & of

X8t x| &fE 2 AMPDU AMEZ U2 M=ol ZHOo|7F 4 S81o| bl 7t
T 5 mf € (pad) E=8 7+ZICh

Z 70llM ZF STA O] & Zle dIolE{e 3 7|71 & 0ol& £ ooz, Ztztol
A-MPDU & MEZ Ct& HIE 3 7|8 7IE = Uch

ol & 2, Beamformer ?t T &ste S92 dlolE Z &l Yol &0l FRE &
AlZtE 2o 7 ©4 dlole Z el T80l SR EE Al Ssdst=s &
o & (null padding) 8 =& = Ut =cf 72t S CiolH = BlYH2
Beamformer ©0f o|5f & & &2 3 dIOIE 2t 2 & 2 & F 7+ 5 ¢ &&=
ZUY = Aot % ¥ 3 dolEe d MY X 42 ¥ 3 diolHY
+= ek OB 0|, %% st 23 OOIE{= AAMPDU of Z & g|of TSE =+
ct 59| o5zl & 2lc 72 8 dlolel = ailde Mol Lhox|
ol Zaolde duMgds =8g = Uk

g e 2 98 Beamformer &= A-MPDU = 2| & L =2 A-MPDU
MEzZ oM AlZE e 2 &2 of 9 x| & & L+ ol4 2 A-MPDU
MEZ B Y2 MPDU delimiter ZE=fto=2 QI3 &30 A2 = 2Uch

+ 415 STA o) MAC A B oM &= EOF HEE ZX|&H, 2 2l ASo 4
SHeEE HdEEo=EM ™Y LA2E HHE = Uch

TR

ol

[>

<
Z

£ 5 ACKiBlock  Ack) & #t

1 2 Yo MEE = U T S AlA oM FERZ 3 MU-MIMO
ME pHEg oAlsts =Holct.

802.11 ol = MU-M1IMO0 = APERE Zeto| A E(F, non-AP STA) 2 2
gote stE 3ol A HelEct olmi, ofE MAEA = 8l Y (multi-user frame) 2
ChE Aol 7 8 Alofl ®& 5] L, 5= &1 & Qlacknowledgement) 2 AMEF2l 30l
ME Moz ®& £l ofok gict

8021lac € 7|2 2 3= VHT MU PPDU Wl &Kl & 2 & MPDU &

A-MPDU of Z&g| 22, VHT MU PPDU ol Ci & FZ& ¢l 8E0| ot VHT MU
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[409]

[410]

[411]

[412]
[413]
[414]

[415]

[416]

[417]

[418]

[419]

[420]

[421]

[422]

PPDU LH A-MPDU of CH& S22 APO| o|f 8 5 ACK 2 H(BAR: Block Ack
Request) Z gl ol cij & & §2=2 T & Fch

HX,APE 2 E £4IK (5, STA 1, STA 2, STA 3)0il 7l VHT MU PPDU (&,
z g HE U oolE)& 7S Fck VHT MU PPDU £ ZF STA O & & &l & VHT
A-MPDU & = & #hct

APZYE VHT MU PPDU & It STA 12 SIFS 0|% of 2 5 ACK(BA: Block
Acknowledgement) Z S APE TS 8ot BA Z ol Yol cistof 2ot & Al &
HdHEe & &gtk

STA 12 25E BAE =4l 8 APE SIFS 0|F 0of BAR(block acknowledgement
request) = Bl Y2 C} & STA 22 TS 38t1, STA 2= SIFS O|F ol BA Z D&
APZ T & fich STA 228E BA Z 8 & 4§t APE SIFS 0| % of BAR
Z P e STA 32 TS5 st1, STA 32 SIFS O|F 0o BA Z B APR T & gt

Ct & Al & (multi-user) #82 3 dole ME gy
IEEE 802. 1lax 2 O & 2 Ol 0| X 2|2 (datarate) 2 X| et O £ ASA
H 5t (user load) & A 2l 7| ¢ 8t A M CH WLAN AlAEloz2Md =20 ME A

MetElD & WLAN AlA R & sHUL2A |, dE 158 WLANHEW:  High
Efficiency WLAN) EF 12 2 2ich

IEEE 802. 11ax WLAN Al A E2 Z7|E WLAN AlA =0t & UstH| 2.4 GHz
Fu+= oY W 5GHz Fut+ Yol SEHE =+ Uck =8, 6 GHz =& Ot
£ 2 60GHz Fu+ Yo MHE SEeE =+ Uch

T 19 B 2 @ol & A Aotk HE(High Efficiency) = S PPDU E
oAl st& =™ olct,

£ 192 (@)= HE Z U PPDU 2] 7JHE XM @l FZE o|Alst2, = 192 (b) LHX]
(= HE Z S PPDU o] 2} F & A Q X8 :

E 192 (@& FxsH HEW & 9 & HE Z % PPDU & = 7 &l 7L Al
2 2 (L-par), HE 5 £ (HE-part) % O O|E| & = (HE-data) 2 F M E % Qch

L-part = ZIE 2l WLAN AlABloMH g Xt el & Ls2 L-STF EE,
L-LTF Zce= 281 Ze=z2 T M Ech

HE-part & 802.1lax EE2 2stod ME 7 Holxle R 2224 ,HESTF ZE&,
HE-SIG EE= % HE-LTF ZEE =Z#HE = ot = 192 (@) ol M = HE-STF ZE,
HE-SIG EE % HE-LTF EEQ £ AME dAlstDn UaLt ol 2 0|8 &A=
FHEE £ ok EF, HE-LTF = M8 =5 Q)

HE-SIG = HE-data EEg cC|la g3t 7| 98 HE (g & o0, OFDMA, UL MU
MIMO, EA&El MCS 5)2 Z&g £ Qo

L-part & HE-part = A 2 C} & FFT(Fast Fourier Transform) =2 7[(F, A E 74 2| of
Zt A (spacing)) & 7FE = U2 0, M 2 C}E CP(Cyclic Prefix) & AFSE =&
dck.
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[423] E 199 (b) E # = 5, HE-SIG EHEE HE-SIG A ZES HE-SIG B ZE=R
TFEE + Uk

[424] C& &0, HE % % PPDU 2| HE-part & 12.8us Z Ol & 7l x| = HE-SIG A HE, 1

OFDM 2 & 2| HE-STF E£=, & Lt ol&e] HE-LTF ZE= % 10FDM & =2 2|
HE-SIG B Z=E =Zgg = QoL

[425] £Et, HE-part Ol Al HE-SIG A Zi=& X 2 7| & 2|
PPDU Y cCt4bl 2 2 7|2 FFT 2 M & &l += Uct & ,256, 512, 1024 % 2048
=3 7|19l FFT 7t 2+ Zf 20MHz, 40MHz, 80MHz % 160MHz 2| HE = % PPDU 2|
HE-sTF ZEeEREH Mg E == ch

[426] cigk, = 192| (b) 2 Z O] HE-SIG 7} HE-SIG A ZE=¢9 HE-SIG B Z==2
TEEo] MEE m,HE-SIG A Z2E % HE-SIG B ZE=9| fxle T 192 (b))
4 o|l® £ lct. o2& E0{,HE-SIG A ZE= Cl20| HE-SIG B E=7 ©™ME 1,
HE-SIG B E = ChS0ll HE-STF E=2 HE-LTF EH=7F ™&E =+ Uct ol
Z=2ol= ot &7x| 2 HE-STF ZE=5E & Z7|E 2 PPDU 2t 48 & 3 7|29

FFT 7t M8 & + UC

_O'I_l
kl
=
m
w
-
M
]
In
I
Ll
rir

LAY

[427] £ 199 ()8 H X s, HE-SIG EEE HE-SIG A ZESQ HE-SIG B EE=E=Z2
TFEEX kg = Uk
[428] of& S 0{,HE Z % PPDU 2| HE-part = 1OFDM 4 & ©| HE-STF EZ=, 1 OFDM
M2 9o HE-siIG EE= % 5L} ol4to] HE-LTF EHE=EE EZgEE £+ ch
[429] 2 R ASEH HE-part £ 7IE 2 PPDU 2t 4H]l 2 2 7|2 FFT 7 ME € =
o

UCt. & ,256, 512, 1024 % 2048 = 7| 2| FFT 7} ZF Zt 20MHz, 40MHz, 80MHz %
160MHz o| HE Z % PPDU o| HE-STF EE=RE XN E £ Uch

[430] £ 199| (d) B &= 5™, HE-SIG EEE HE-SIG A EE=9 HE-SIG B EER
T E I X| gferl \HE-LTF E=E M2FdE = lch

[431] o€ = 0{,HE % % PPDU 9| HE-part = 1OFDM 4l £ 9| HE-STF T = % 1
OFDM & g 9| HE-SIG E=8 =EZg# =+ Uch

[432] 2|2t 2 AlstHl HE-part & ZIE S PPDU Bt 4l & Z 7|2 FFT 7 M2 E 5
lct. = ,256, 512, 1024 %! 2048 = 7| 2| FFT 7} ZF Z} 20MHz, 40MHz, 80MHz %!
160MHz 2| HE % % PPDU 2| HE-STF Z =8 & E = 2ot

[433] 2 YHo M8 WLAN AlAEE 9 ft HE Z 9% PPDU & X 0o{% &L}S] 20MHz
Made S5 ©E&E =+ otk ol& 50|, HE Z % PPDU 2 & 471 2| 20MHz
AMEES = 5 40MHz, 80MHz I &= 160MHz Futs= cHdolAM TEE + Uctk ol
chstod of e =g #FH =soi b & A5l A H &t

[434] Oolst, 45t = PPDU ZHE2 Mol HolE Qs M = 192 (b) E 7|He=
Ao & stLt, W Ho| olof BFHE /= W of L.

[435] £ 202 2 wHol & MAloof & HE Z 9 PPDU 8 OAlstE = ™ olcCt.

[436] E 200)| M = stLte]l STA ofl 80MHz 7+ €S E ZHe =2 S0 STA Ol A ZHzf

80MHz 2| M2 CI & AE 30| €Y E Z< 2o PPDU ZUWE ol Al Ech
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[437]

[438]

[439]
[440]

[441]

[442]

T 208 =, L-STF, L-LTF
64 ME7H 2l0of)ofl 7|etstod
PPDU & AIﬂE
QlCh HE-SIG A EEE
QlCh HE-SIG A EE=E& 20MHz

[
o=

ZQlE (EE
HE-SIG A Et&
HEE 28fg £ 2
HsE =

I g et == B HE-SIG-A
E 9= HE-SIG A ZEcof

PCT/KR2015/000996

2 L-SIG 2 ZF 20MHz X ‘ol A 64 FFT
MMHE OFDM =2 s E = Uch
STAE 7 B S22 T&Z = 2 & Al o
170 L X| 374 2] OFDM &l 2 ol M
ERE SAcio] SYUEt HEE
AlAdlo] FA HHE HEE gei{&Ech

Zesls HEE oAlstE EOICH.

I8
[Table 9]

= Bl = |4 (description)

o} (bandwidth) |2 PPDU7} A &5 = tl 9 &3 XA & & &1,

20MHz, 40MHz, SOMHz Y-+= 160MHz

155 2 H AHGroup |6 PPDUE =218 STA L= STAE S 152 AA ¢
D)

Z~E ¥ A B (Stream |12 Z} STAS 9] %+ 33t 2= E ¥ (spatial stream) 2] 9] %]
information) = HEE XA A Y STAL] 1H& 938 51t

~EY9 9] = HE XA g

F&FP A AA(UL |1 PPDU7} AP F3}i=4](uplink) Ho3= STAS &
indication) gF5F=2](downlink) #] A]
MU A Al (MU 1 PPDU7} SU-MIMO PPDU ¢! %] MU-MIMO
indication) PPDUSI %] =] A| g}

7HE Q1B 1 2 GIZF AHE- ¥ =4 3 GIZE ARS- 5 =4] A A3
A Al (GI indication)

las 12 PPDU7} A4 %] 3= o ool A 2} STA® &5 wi=
4] B (Allocation EEAEdABAYE QY2 = A BuE Qldx)
information) A Al &)

A& 12 2} g 3= ZF STAS 9% A% 991 & | A 3§}
3} 2] (Transmission
power)

E 90 OlAlElE ZF HESo| 2iHE & MESS IEEE 802.11 AlARS MolE

we 5+ Aok =EF,
of Al off aff g3t

&g x| °J2 =T
HE-STF &=

ot A @Bzt B
, Olojl g & =l x| ¢ =c}.
CHA S AL F72hx e EHe 7 o 288 £
OIE|.
MIMO  T&of

[
ES PPDU O Z&E =+ U HEEQ
E, %M 4y 2 E=

ZiC 7
e, 2 E ZHe sz EHeH

U0iM AGC FH ol Hs 2 7HMsty] fl8l AF & Eich
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[443]

[444]

[445]

[446]

[447)

[448]
[449]

[450]
[451]

[452]

HE-SIG B ZE=& Zf STA 0| A&kale| ol O|E{ (08 £ o, PSDU) & 3= &lst7|
|6tod @ F El= M2A S ™ (user-specific) ™Y 8 ZggE = 2lct. HE-SIG B
== St E= F 7o OFDM A=Al T&E =+ Uch ol& & 01,HE-SIG B
ZeE sHE pPsphu o = U 3 ZIHMCs) X s PsDu o Zofof a gt
HeE Z# @ = ct.

L-STF, L-LTF, L-SIG % HE-SIG A ZE={E 20MHz # < EF—AE gsx| of T&E
elct. ol & £ o0f,PPDU 7} 474 2| 20MHz A (5, 80MHz CH)S S sz
-STF, L-LTF, L-SIG % HE-SIG A E=&= 0of 20MHz & ‘ol BtS x| of
d%—'@ = Uct

FFT 2 7|7} #H X ®, 7| & o] IEEE 802. 11a/g/nfac & X| et T 7HAl STAS & T
HE PPDU & C|2 &5t x| X & == 2ct 8l7HAl STA BF HE STA Ol
= & (coexistence) &t 7| @8t 04, L-STF, L-LTF % L-SIG ZE=& 8l 7FAl STA 0]
pE = QIEE 20MHz A ZollAM 64 FFT 2 E & ©& Ech o2 & o, L-SIG
EeE stLte] OFDM A E 8 H®stDm, stLte] OFDM A8 AlZH2 4pus OlO,
Gl 0.8 us = lch.

Zt Fot B9 ¥ FFT 3 7| & HE-STF (5 HE-SIG A)R E g HE £ ch
ol & & 04,256 FFT 7} 20MHz #M'EA ol A AFSEl 1,512 FFT 7t 40MHz & ' ofl A
ArZ2%Z| 4, 1024 FFT 7} 80MHz AHE A Ar2E £ UCk FFT =2 7| 7F HKRIH,
OFDM A E 7liElof ZFe| 7t o] Zotx| 2 2 B | Fu== Y OFDM
Megl gloiel =7t & 7HxlLt, OFDM A8 Al7Zt2 Zo{Tck Ala”o =ES
24 Al Z|27] @58 od HE-STF 0O|F2| Gle| Zol&= HE-SIG A Q| GIo| & o|g
S st dEE = Uch

HE-SIG A Z== HESTAO|HEPPDU & C|2 357 st @35 & HEE
Zerg £ ok a2 8{uL, HE-SIG A ZEE 2l7HA| STA I} HE STA 0| 2 § $lg
= Q=S 20MHz Mol 64 FFTE Sall &g =+ ¢k Ol= HE STA 7 HE
Z ol pPDU B of L2t 7| E o] HT/VHT = % PPDU & $£ME = o, allzhAl
STA % HE STA Ol HT/VHT % o PPDU 9 HE % % PPDU & T £35l0{ of st 7|
& olct.

T 212 B g Ho A AAloo 2 HE X % PPDU 2 O Alst &= £ © olct.

T 218 #H Z 5™, HE-SIG B E=7} HE-SIG A ZE 30l fxlsts H2
MelstnE, %M E 200 ofAlS S Ustch o A B9 Fu$ g FFT 2 7|E
HE-STF (£& HE-SIG B) O|®%2E S 7 & $ lct. o8& & 0of, HE-STF (£&
HE-SIG B)%¥ E{| 256 FFT 7} 20MHz &' olM ASEl 1,512 FFT 7} 40MHz
Mol A8 =, 1024 FFT 7} 80MHz & ol AFEE = Uch

F 22 B Yool A AMAoo 2 HE Z 2 PPDU 2 OflAlst = = ™ o|ct.

= 220 A &= 20MHz A EE0l ZHZt ME CF2 STA S (08 £ 0o, STA 1, STA 2,
STA 3 & STA 4)0f 8EE = AL E 71™ dtch

T 228 #H =35 HESIG B Z=J7l HE-SIG A ZE 3ol 9=l

=R
a

o

Ct. ol <,
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[453]

[454]

[455]

[456]

[457]

[458]
[459]

[460]

[461]

[462]

[463]

[464]

CH2| Fut= S FFT 2 7| = HE-STF (£E= HE-SIG B)F E € HE 5 Uct o E
S 01, HE-STF ((£& HE-SIG B)% E{ 256 FFT 7} 20MHz & @0l A AFEEl 1,512
FFT 7} 40MHz ol AAHS %l 04, 1024 FFT 7} 80MHz ZH ol AFEE = QU

PPDU of Z&E| & Zt EHeo| A S ElEsE BEEE 94 £ 202 oAl
S Y=z olst dHE M= et

HE-SIG B Z=E= Z' STAO SHE HEE Z#EY =+ 2oLt ®A MHe(F,
HE-SIG-A EEolM X| Aol ZMM I Y E + ct &, HESIG B HEE =
STAO| CHEt HE & Z &5t 2 E STA E 0| = &l&tA EH:}.

HE-SIG B H=E= ZF STA ¥ 2 895 = Fus OHE HE /yE = s
Fu oo AER HEE LE2E £ Uk olg 0, & 22014
HE-SIG-B & STA 1 20MHz, STA 2& I .} & 20MHz, STA 3& I C} & 20MHz,
STA 4= 1 Ct & 20MHz 7+ &% =+ Uk =§, STA 10t STA 2& 40MHz &

& 235tn, STA 32 STA 4= 1 CFS 40MHz & EE =+ ct o] Z%,sTA 114
STA 2= ME CI2 AE RS &8 g5 STA 32 STA 4 ME CIE2 AEZS
gohE = Uch

L3, HE-SIG-C Z=E Holstod, £ 222 oAl o]l HE-SIG C EE=7t =72 =
ict. ol 22 ,HE-SIGB EEolME Mo Yol ZMMH ZE STAO| ci gt HE 7t
H&EE| 1,z sTAO SHE Ao HE = HE-SIGC EHEE S3&ll 20MHz H 92
58 & Ych

g, £ 20 LHX| = 229 o AlollMH,HE-SIG-B EeEE oo 2™ HESHK|
of 1 HE-SIG-A EE=9 = st 20MHz © 92 F®&EE £ ok olol cistod
ot EHE #E =3toi A gt

T 232 B Yo A AMAo 2 HE = ¥ PPDU € Ol AlstE = ™ o|ct.

= 230 A= 20MHz RHES0| ZHZF M2 cf 2 STAS (0|2 S of, STA 1, STA 2,
STA 3 % STA 4)of €% = A< 8 714 it

T 238 #F=xsH, T 229 of #7tK| 2 HE-SIG B EE=JF HE-SIG A EE Ct3of
Q| x| 8tch CtBF HESIG B EHEfE Mool Z™ A& 5 X 8810, HESIG A
Zleot S st 20MHz B2 TS Eoth

Ol 22,29 Fux T FFT I 7| HE-STF (= HE-SIG B)RE HS HE =+
2lCt. O & & 0, HE-STF (& HE-SIG B)% E{ 256 FFT 7} 20MHz #f & ofl A
AEE| 1,512 FFT 7} 40MHz & ‘2ol A Ar&E| 4, 1024 FFT 7t 80MHz = ‘& ofl A
ALE2E = ok

PPDU off Z&=| &= Zt
= Ustoz ols MEE M

HE-SIG A ZEE HE-SIG A ZE=E 20MHz T 9|2 SAHE| 0of(duplicated)
& Eioh

HE-SIG B Z=E Z} STA HE2 825 & Fur+ hYs 8 WEes g
Fos oM AER HEE S E £ UCh

n

rn

MESEE HEE 94 £ 209 oAl 9
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[465]

[466]

[467]

[468]

[469]

[470]

[471]

[472]

[473]

[474]

[475]

[476]

HE-SIG B E=& HE-SIG A EE=get O &7tK| 2 20MHz E 22 ©&E =+ Uch
Ol Z2 ,HE-SIG B EEE ZI sTAO CiHE#t HE B Z &322 20MHz B9l 9 Z
HE-SIG B 2E HE Zt sTAO gt HE 7 =&#E = ct olm, £ 2829
Al E 2t STA H 2 20MHz 7t €25 & A2 E oAlstn ULt o8 = of
STA ol 40MHz 7} 5% & @9 ,20MHz ©H 92 HE-SIG-B ZEJl SAT| 0o
MaE + T ch

EFH HE-SIG B EHEON ZE STAOM 8 HE(F, 2 sTAO SHE HEEO|
25 8 A™AE)7 285 of HE-SIG A Z=2 of &7IK| 2 20MHz B9 =2
= Al & 0f (duplicated) T&E F= T lch

= 21 HX| = 239 O A|Q ZH O], HE-SIG-B Z=7} HE STF = % HE-LTF
Zic oo YRIStE ZHSP 20MHz oM 64FFTE 0|8 o2 AEOo ZOIE
W 2AMdstm, = 202 ofAle Z 0| HE-SIG-B E=7F HE STF 2= 2 HE-LTF
Ee Fo fIxlstes B ,20MHz oA 256 FFT & OIS @ 22M =2 ZHOIE
247l 7+ EE = Uct

ZrBSS HZE ME CIE tHHEE x| {ste 4&of A Qg BSSERE 2o 7t
Bl ol e Udfo fH=Es sTA WA 8 et F<2 ol 212 Z 0| HE-SIG-B
EHeEE Tdidol MM TSsEIx| e ZWol 2ot HEFH X E 5= Ach

= 20 LHX| = 2301 A HIOIH E =& 1 0| 2 = (payload) £ Al, Al HI A
Zl = (SERVICE field), 233 £ 2 ¥ PsSDU, H| ¥ | E (tail bits), I & H| £ (padding
bits) & ZEE == lCh

E 24 2 € Eo A Aol E HE Z % PPDU HES 9 & 24
2| ™ (phase rotation) € 0i A| BtC}.

HE % % PPDU & T ¥ (classification) &t 7| €3t 04, HE X 2 PPDU ofl A L-SIG
L olFof &= 3719 OFDM 2l 2 o] f{4o0| Ar2E = ot

T 248 #HZA M HE X 9% PPDU oA L-SIG Z = 0|% of &% & OFDM
o= #1 5% OFDM &= #29| R 2 2 TR 2L, OFDM & & #32| (& &
Al ghol 2oz goxptE 3 TE += %Uct =5,0FDM A E #1 % OFDM & &
#20f CHEt X L2 BPSK 71 O|2 |1, OFDM &l = #30f CHE HxE Y HE
QBPSK 7} o|& & £ 2lc}.

STA2 =48 PPDU 9| LSIG ZE c}20ol T&E = A 10FDM A& W x| A3
OFDM 282 £ 242| oA|2 Z 2 Hd4 8 7|ez2 C|2YE Alx gt sTA 0O
clzgof d&st2 &S PPDU 7t HE Z o4 PPDU 2t TEHE == lch.

017|M,L-SIG EE= o|F0| HE-SIG A E=7F M 712 OFDM & =0
M&E chHE, ol OFDM & 2 #1 LHX| OFDM 4 & #3 2 & HE-SIG A ZE=EE
H&sto| fstod A El= AWE o 0l #ct

Ol3t, WLAN AlA Eol A CFE AFSAF (multi-user) &&2 3 ™& 2o of st od
A o ot

WLAN AlA "M SEstE S50 STA O S U Al At d oM APE

-

F

aTu

m.
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[477]

[478]

[479]

[480]

[481]

[482]

[483]

[484]
[485]

[486]

CO|E{E ©&stE ¢HAE 'UL MU TS (uplink multi-user transmission)' 0|2k
X| &g 5 Uk
S39| sTA ZtZiol| ot &g 33 TS Fuls T HUEE 3T
T |H|O|{spatlal domain) & OllAM CtE3HE =+ RUCH
S92 sTA ZtZtol| ot 43 3 TS0l Fuls T HQ & oM CHESEl =

, OFDMA(orthogonal  frequency division multiplexing) & 7|82 =2 59| sTA

| chal M2 Ct & Fuls AHpo| 4 823 TS Atz 828 £
OlHEt ME CHE F Ul XS S TS YHE 'UL MU OFDMA
T X|EE S Aok
| sTA ZtZtofl o|Et 483l 3 Tso| S = ol AolA ot Bstxl =
29| sTA ZtZtofl Cisl M2 CIE 37H™ AE 20| g 5l0{ B42| STA
Ol ME CIE Bt AERI2 & 4823 ColEHE ©WasE + JUct.
S MHMECE S AERE SEt S WHE 'UL MU MIMO
[EI'_I_ xlxltl-ak |_-_I.
I WLAN AlAEIMHE ofeiet 22 A A2 2lsluL MU &8
X|#35tx| = ok
HRHWLAN AlAEIMHE S2| STASLZEE e &l 4823 ololeel
M Elo|Yol CHEt S 7157 X|HEI K| &=Lt o|& £ 01, 7| & 2] WLAN
AIAE*'OiIA-l 549 STAE 0| SUSE AZH RIS S5 4823 ColEE
Sote A2 E 71 -5H, HAHWLAN AlAE”ldME 5529 sTA Z4Z2 O E
STA c*I ét‘éfe'a Clolelel M4 Elolale o = gict walAM ,APE E49| sTA
ZtZto 2R E 5 UsH A ZH A Aol 482 3 H|olE{ & £ 41517| of{-cCt.
g, =4J<H WLAN AlAEloflM = S+2| sTA of o|alf 482l 3 oI E
37| @Il A8 =le Fuls A 2o S ol e M= o~ lrh o E S of,
9| sTA ZtZt9o| 2 Al8l| O|E{(oscillator) 7} Ct & A<, FUl+ LI M (frequency
offsety O| Ct2A| LIEIE == QUCt Btef, Ful= @ X Mo| CHE 52| sTA Z4Zi0|
MEZE CIE Fus AIHE Sl SAlo] 423 mMese e B2, 559

sta ZZHOl SISl ALS EIE T4 2o 5 YRt SHE + Uk

et ZIZElwiaN AlAEWIME S52| sTA ZvZtof|l CHE ot 9 Al o{7t
3| x| etECt S5+ sTA ZHZinl Ap AlO|2] HE|et #d # Ao S5xez
APE 52| sTA ZIZA2 25 AMZ CHE Lo AEE 418 &= UCh
OlHEt A2, dst i 2 £ &5t A2 ZE URE &= 4= HIsH
o= aApof ols HAE x| 27| o84 £ UCh

olof i, # Y4 H2 WLAN AlAEIMMeluL mu ©E ¢S A ettt

T 255 B udo| o MAloflof E AE2 3 O F A AL (multi-user) TS
MxtE o|Alsts =Holct,

T 258 FXESHH, APZLUL MU T&O EHoist= sTASEWAIUL MU TES2
ZFH| 8 W XA, Y STAEESEE uL MU CIO|E Z e 54151,

0x

N

F.

30 J
o 2 1324

N Pl
onmu
N
JHIIo.Q.

o

N
-

0+> TN Ho
2

S J
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r

gl

-
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D
A
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ULMU Clolef = alloll cli8t S H2=2 ACK Z Blese ©35
X APE UL MU £ &2 (UL MU scheduling) = &l &(2510) € &8 2 M,
STAS 0| UL MU &2 FHI & Zd2 K| A| #c}
E 2| H(trigger) Z ol =& 'EclH

[487]
UL MU CliolEl& T™&E

o 7|AM, UL MU A& FHEZ
gict

Z Y g B2 E28 =L
A F|E2 = | (2510) & STA Al X (ID
g8 HE, X% 7|7 (duration) HE S 1t

Zg Y UL MU E

e

04 Z7|A, UL MU &

[488]
(address) M 2, &}
5 &5ty

Identifier)) T 4~
Mo M B Z 88 = Qlct.
STA ID/ &4 HEE 4%32 3 OolEHE ®&sE Z STAS

AER EE= FLo et HEE o0t
A EgEY HEE ZSTA H2 #E5al A2 3 ©S R YGIE E
? 2t sTA Ol 7l 8= & Fus /AHE2lof HE UL
QIElA)y of CHE HEE

&0 #E$ Z
f ZF sTA O & E = AEH

of,UL

=
=

[489]

[490]

M U OFDMA
£ &¥3 3 dolH

ol of gkt
x| % 7| ZF (duration) HE = S+9
Z Yol ©EE T AlZH R et HEE ol st
| % 7| Zt (duration) HE B 'MAC duration 2 2 x| &

o 8 £ 0, MAC duration 2 ZF STA o] &2 3 T&g <8l g
TXOP(Transmit  Opportunity) a482 3 Yol Aolo ol &
HME@OIE S0{, BE £ ME)E T 8re £+ Ch

UL MU A ZE3 = 8llY(@2510) 2 ZF STA 2 UL MU HlOole = 8l
S (Coding) HE S Z2 Ao HEE

i of & Mmcs ™ME,

- AE=1%
=

[491]

=

[492]
o FH HE &KL

Eft
HE Al AFS
EZHEE =T Ut
= ULMU AFAZE & ZYE@51008 HESeE
BEE 5)0lAM

flet 22 Mo HEE
HE-part (& & 0, HE-SIG A EE= &= HE-SIG B 2E) L UL MU A FHEZ
- "

[493]
PPDU 2|

[494]
=l ¥(2510) o] Mo{ E=(dE &0, MAC = &l & 2| Frame Control

L-part (& & 01, L-STF

88 = Uch
[495] UL MU A AEE = | ¥(2510) 8 ™ EHsHE PPDU &
Zic LLTF ZE | L-SIG ZE E)o 2 Alztsts =8 7Tk olof ot e,
Bl7tAl STAE 2 L-siIG ZE=2%E NAV(Network  Allocation Vector) A & &
=g = 2t & =0, ol 7k Al STA &2 L-SIG ol Al ol ol Z Ol(length) %
Aelg & 3 H(ols,L-siG EX

Cl O|E{ & (data rate) HE E 7|82 2 NAV
T, g M4EE = ok oeln, Al STAER ¢HEE LsiIc EE Tt
Sotolls AF Aol A HE&E dlolef 7t eictn EEE = Ch
& S0{,L-SIG B3 P72 UL MU 2 7E2 = g Y(2510) o] MAC duration
MEsE PPDU O A L-SIG E = 0|%9]
UL MU

= g &(2510) 2
L-SiIG E & Fze

[496]
ZEat UL MU A AEE
thof 7ztel ez ZHAHEE == ch olof wet,
A AHER oll 2(2510) 2| MAC duration Ztoll k2t ZF STA of 7l ®& £l = ACK
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[497]

[498]

[499]

[500]

[501]

[502]

[503]

[504]

[505]

[506]

I B (2530) 2 Bl F UMK e deE HdHEHE £ Uk

Olst, Zr STAOM A UL MU T&E2 et A gg dHe 2 M2
AnEct MEo HolE Qs Mo MEJ T EEE EHEE FES] MHHES L
2 wyol olof B™EEE A okt

M1EEE UL MU OFDMA Z&I3 UL MU MIMO TS8E8 T ESO XA =
QCt. & &04,'0 0| UL MU OFDMA T&E K| Alstn, '1 0| UL MU
MIMO ZT&E XIAIE = Ut M1 EES 37 1HEE FEE 5= otk

M2ZE(E S0{,STAID/) T4 ZE) E ULMU a0 ZHo{g STAID =S
STA FAEE &L M2 EUES 3 J|=STAIDE 7| |E HE = x
ULMUO| EHoigl STA =2 TFTEE = ACt olg S0, M2 BE=7F 12HEZ
THEEE B2 ,4HE HE Zf STA 2| ID/ FAE XAl = CH

MIEE@OIE E0,AAHEYE EE) E ULMU &2 28 24 sTAO EEEE
A& dAE X|AlEtch oldl, ZF STA O EEE = AL H W2 dAM A2 Heg
=Mool et 2 sTAH =x% 22 x| AlE = ch

Brof M1 EE Ztol'o @ B2, N2 Zeo| ZEE STA ID/ F42 #=A4O2 UL
MU & E e o= HE(WE So0f, Fusx QEA MEIfE0f QA
S)E& UEUD, M1EE gtol'1 2 d=2,M2 Z=o] EZF#E STA ID/ £49]
ZAMO2 UL MU &2 28t MMO HE(HE S0, AEZ QHEHA 5)E
L+ Ef ATt

olm, stLtol STA off A ofed 7H o] QIEIA(F, Fu=s /ME 7i2lof Q= A &
AER QlHA)E UP{E & Ao S2, X3 EEQ 3 J|E E50 HE(=
H E Y (bitmap) A2 FMHE £ Q8) x UL MU TS0l R oig STA =+

THE 5+ U

g £0f, K2 =7} 'STA 1. 'STA 2'9| €A 2 MHME 1, M3 HET} 2
2o &=X2 dHEECD 7+ Eoh

n

g
—

=2
o
B

ol 22 M1 E=7F '0 21 A2 ,STA 12 4 (== ,59) Fuxs FdAHEH
Fut KOl gYE 1 ,STA 25 1 CiEe Fas A o =Xt o 2 geE
£ Qlct, Ydl=,80MHz CH 3ol M 20MHz T €| 2] OFDMA & X| ¥t Z# <, STA

12 A Q(E &, 5 9)40MHz CH 4, STA 2= 1 CH29| 40MHz CH 42 AISH =+

UL S [ =t ?é.'%‘— 12 4 f(Ee,5t9) 2EZo @ Ln
STA2E 2 & O] =% H o2 ggE 5= ot o, 4 AEH WE
Bz g grAl2 A XHEE o] UAHLE, N3 EE EE K4 BEojA AE Eof
e dzd dAMo oet Bt 7 HMHQA HE I Z&EE & UCh

Zt STA 2 APO| o|&ll & &= UL MU 2723 = 325100 2 7|82 UL
MU ol OB = g 2i(2521, 2522, 2523) 2 APO] _c.aH:h 0{7|M, Z STA 2
APERE UL MU A HEY = 3 (@2510) 8 =& & SIFS o|Foi UL MU o o]
= B )l(2521, 2522, 2523) 8 APO| TEE £

>
m -
u_ K}

?E
0
ma
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[507] ZFSTA2 UL MU A 7E3 =B U@510) 2 A &8 HEE J|ge=2 UL MU
OFDMA &2 fIgt S & Fos+= AN £ UL MU MMO TE&E 9@

[508] TAH2Z, UL MU OFDMA TI&9| #HA2 , 2t STAR MEZ CtE Fo= XEe
Sl 5 Ut Al ZH AFH dollA 423 dolg Zode ©sE =

[509] 07| M ,STA 1LHX| STA 3 ZHZI2 UL MU A #AEZ = Bl ¥(2510) of =& FE
STAID/ F 4 HE WA Y HEE J|Hcg 4%2 3 dolH = gl g
&g It HE O Fus XS €9 28 & Utk olg 801, STA
D/ &4 HE 7 STA 1LHX| STA 38 © Ao 2 X|AlstD, At 82 HE 7t

= =AM 2 KAl = ok ol

ZR ,STAID/ T4 HE B 7|dez &A™ 22 X|AlE STA 1L{X| STA 38
A9 g8 e 8 7|8og A% 92 X AlE Fous X1, Fos A2,
Fo=+= A3 TG HES 5+ Uk F,8TA 12 Fus XA ¥ 1, STA 2&
ZFut A9 2,STA 32 Fuf X ¢ 32 S&ff &4 &2z dolg = gl (2521,
2522, 2523) € APE F&E £ it

[510] EEEHL UL MU MIMO Ti&e ZS,Z 9| A AEZY F Molx
stLtel MR 2 AERE S5 8 U AlzZH RAHH Aol 482 3 dolE
Zode Ms e =

[511] 07| M ,STA 1 LHX| STA 3 ZZS UL MU A2 AZEZ = g ¥(2510) o] =& &
STAID T4 HE U AN Y HE 7|pteE 482 3 ClolEH = a2l T8
e =2ty A2ERS B8 €28 = Uk 01,STA ID/ & & EE 7} STA 1
LHX| STA 38 X Mo 2 X|AlstD, A 8 HE I 3™ Az 1, 3TH
AER 2, B AER 38 £AXM2oE X|AlE £ ot ol AR ,STA ID/ F 4
dH g 7|ttez2 £311H STA 1UHX|STA 32 AP EE HE
7oz &R Mo AEZ 1, 3UH AEF 2, 3™ A2EH
Is A e 12 B8 AER® 1,STA 2& 37y
AEZ 2, 8TA 2 38 &l &4 23 doly = ol Y2521, 2522,
2523) 8 APE

[512] szt oo |,z sTA ol 2|5 T&E| = 482 3 o ole = 2 Y2521,
2522, 2523) o] M& XK 7|ZH(EE TS FE A ™2 ULMU 2 FHEY
= 7 &(2510) off =& E MAC duraton HE of ol ZHEE = Uctk merM, Z
STA € H|E @I & (padding) = = ZZ'8} (fragmentation) 2 Sl & &2l3 o ol H
= g (2521, 2522, 2523)( =&, 4¥2 3 dolH = llYe ®YEste 43 3
PPDU) o M& E2 AIH2 UL MU A2 #HEE = 7 2(2510) off =& E MAC
duration Z g 7|¢tez2 S 7|5 & £ Qlcth

e

-

2
M
fn

el
= 10
o
O 2
>
}Jirﬂ

o
4

o fl
= on
™
P B o0
a
[>
(mJp
w
|

ol

m oA ow e
30
m]
Pk

o O T

)

[613] & g3 dlolg = ol 4(2521, 2522, 2523) & T ESHE PPDU £ L-part 8l0l%
MER 22 F /40| 7t ss8tch
(514] SEF, UL MU MIMO ZI& Ol LE 20MHz DIgte] MEME HEio uL MU
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[515)

[6186]

[517]

[518]

[519]

[620]

[521]

[522]

OFDMA Ti&o| Ze , &4 33 ol olE = 2fl (2521, 2522, 2523) 8 T Hste
PPDU 2| L-part = SFN EEN(F, 2 E STA 0| SUE Lpart T+ 81 LHIEE S Alof
&) 2 ©asE F= ok PFE, 20MHz Ol AMEM=E HEfSl UL MU OFDMA
M&o| AL, 4 23 o olH = ol &i(2521, 2522, 2523) 8 TIEstE PPDU 9
L-part = ZF STA O] €& CHYolM 20MHz B2 ZHZF Lpart 7} HE5E 5 QUCh

A&t dbet ZOl, UL MU & AEZ = Bl &(2510) ol M MAC duration 2Zf Ol ACK
Z 2 (2530) € Taste F MR dez2 HEE = 2@, LSIG E=
FZH2 MAC duration Zte 7|8tez M| & £ lch et | Bl 7FAl STA 2 UL
MU A AHE2 = 8 (2510) 2| L-SIG EEE &l ACK = Bl &(2530) 7} K| NAV
LEg g+ Aot

ULMU 2783 ZoldEs510) 2 B2 2 4 823 OolH Zeds &35
MeE 4= 9ok, UL MU & HZEZ = g @510 2 & YstE PPDU U SIG
= (&, E-I[OIE-I Zoldel 74 gAMol HE Mol HEE HEste ) Ee
ol2 % Qct. ofE S0, HESIG-A ZE LEEE HESIGB 7t M& %X 42 %

Ch. 3, HE-SIG-A ZE=9 HE-SIG-C ZEE TS = 1, HESIGB e

£
APE ZF STA 2 28E FIet 4 23 o olE = & (2521, 2522, 2523) of
Cist S E22 ACK = B (2530) 8 X8E £ Qch of7|M,APE Zf
STA S 28E 4 #23 Ol o|H = o |(2521, 2522, 2523) & = &lstn SIFS
O|Fof ACK I B 21(2530) € Zt STA of A ®&E = 2
B, Z|E ol ACK Z el F2E St/ olSECOH 658 3 7|E
7t & RA EE=of UL MU T&o| #Hoist= STA & 2 AID( &2, 5 & AlD(Partial
AID)) & Z &stod FHE = Uch
TE, ME2 x| ACK Z ole Fdetct DLSU ®& £ DL MU
2 fet gejl2 F 40| 7t ssict. &,DL SU d&el AL ACK
Z g d(2530) 8 UL MU Tigol| #ojste ZF STAM A £xX 22 ©EsE =+
U2 0{,DL MU T&o| ZS ACK = o 2(2530) 2 ZF STA off &S E A H(F,
Fus 52 AEE)E S8 UL MU Tso|l #ofstE ZF STA O H S Alof ©sE
ES

APE $£4lol MB# ULMU OOl = &l of Cf & ACK = 2l &(2530) Bt 2
F STA o 74| ®M&E =+ ok =8, APE ACK Z B (2530) € S5 4 843

O{fE ACK &£ NACK 22 2eiE =+ dct ofof ACK Z il ¥(2530) Ol NACK
HEE Z#E O® NACK of Cigt ol Lt O ® o MiE Qe HE(ME S0,
ULMU 2 7E3 HE S) Zgg =+ ch

=, ACK I 2 (2530) 8 ™ YstE PPDU = Lpart 80| 2R FZE=R
TFHEE =5 At

ACK Z 2 (2530) 2 STAID E2 F4 HEE ZEE 5 UL, ULMU
A HEZ = g ¥}(2510) oA X|IAIEl STA S =ME 5 UstH A& s, STA ID
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[523]

[524]

[525]

[526]
[527]

[628]

[529]

[530]

[531]

[632]

[633]

ER FLHEE Md3# =5 ot

Egh, ACK I Pl (2530) o TXOP (5, L-SIG B F7h 8 Q&sod cl89l UL
MU AAEZE et ZdYolLt, ool UL MU s et EH HE &8
x &#gstE Mol Bl Yol TXOP W ZFHE &£ 2 L

BHH, UL MU T2 2stod STAE ZHo| S 7|18 2FEE 5 o E H (adjustment)
nEe FME =% Uch

T 262 B dEo A AMAloo ot 48R 3 ot E ASX (multi-user) TS
Hxtg olAlste = ™ olct.

olst, Mo Holg Qs FAM = 252 oAl SUEH HH2 Mot

T 268 FxsW APZFUL MU ALEE STASOW A ULMUE EdHIE Z
X|Al3t3, ULMUE 2|8 STAE Ztoll S 7|18 ¥FEE= S o ¥ I (adjustment)
OdEg HE F UL MU HiojlE|l = Rlde ©& 210 ACK 8 T&E =+ ch

HZA APE UL MU A #HER (UL MU scheduling) = 2l 2(2610) 8 TSEH2 2 M,
UL MU CIOIE{E HM&E STAS A UL MU ™52 FHIE 22 x| A|Foh

APREEl ULMU A FHEZ = ol d(@2610) & £4I8t ZF STA 2 S 7| &1 & (sync
signal)(2621, 2622, 2623) & AP0l ™ & gtk o 7[M, ZF STA 2 UL MU & ZEE
= g ¢(@2610) & = &lst SIFS Ool%o| S 7| &l % (2621, 2622, 2623) E AP
Hag =+ ch

Jelm, 2t STA 2 28E| 57| 415 (2621, 2622, 2623) B =48t APE ZF
STA of Al £ H (adjustment) I i &1(2630) 2 T & st o4 7|, APE & 7|
&1 = (2621, 2622, 2623) E = +l5tm SIFS O|Fo| E M = 2| 2/(2630) 8 ©&E =+
dct.

S 7] Al & (2621, 2622, 2623) W B A = 7| 2 (2630) 8 & £+ A= M™rE UL
MU ClOlE| = B ol &8 250 2 STAE 7Hel A7/ Fos /0@ S8
E™s| 7| ¢le HAolck. ,STA & 0l ZXle] S 7| 4l & (2621, 2622, 2623) &
HMEsln, APE I iER 71'&*95 Alzh/ ok /o @] § ol AE E HaellFce
EY MHMEE HH = 2llYd@2630) 2 Sl ZF STAO A LEdE 22M EPEOH Hsd
UL MU HIOolE| ZRldollH 2 Zte BEHeM e = UEE 57| ¢ &

M it olct. E g ol E ™HRJF UL MU A ZEZ = 8l ¥}@2610) F of
s+8ElczlM STAR 27 Z 3o el OBl Z Y FAHS EHIE AZES
72L& = o

2o FAHMe2, ULMU AFHE 3 =3l F2610)0lA X|AlE STAE S ZH Xt
XAIE & x|HE A PAHol 57| &= (2621, 2622, 2623) & ™S §ch
017|M, Zt STA 2 2RE| T&E & 8 7] 41 = (2621, 2622, 2623) &= TDM(time
division multiplexing), CDM(code division multiplexing) 8l/ £ = SDM(spatial
division multiplexing) % Ale 2 ct&stE =+ 2ch

Ol& S§0{,UL MU A HEZ = &l 2 (2610) ol A X| A & STA 2| &= A{ 7} STA 1,
STA 2,STA 30|11,CDM 2 2 2z} STA o] S 7| 4l & (2621, 2622, 2623)
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[534]

[535]

[536]

[637]

[538]

[539]
[540]

[541]

[5642]

[543]

[544]

ct EstE chH, x| HE STA =M OE 2z 2} 89F Al 3 A I(Sequence 1), Al #H A
2(Sequence 2), Al 2 A 3(Sequence 3)8 APO| T& = it

0{7| M, Zt STA o & 7| 4l & (2621, 2622, 2623) 7 TDM, CDM /= £ SDM 2
CtEstelof ME 57| 150 Z STAO| A E X H(WE &0,

A ZHA BAIAER S)2 MEol ZF sTA O AH XAl 2 HL HeolEH = 2ot

Egt, 8 7] Al E (2621, 2622, 2623) & ™ EE= PPDU £ Lpart 8 E #3IX|
AL, MAC Z el Agliol EEl HSE M=o ®aE + U

zt STA 2 28E & 7| &l = (2621, 2622, 2623) & 418t APE E % (adjustment)
Z 7 2 (2630) 8 Zt STA of 7 & & $tct.

ol , APE EH & = 2 &(2630) 2 DL SU ®& 2 4oo=2 ZF STA o Al ©&sH U
DLMU ®& 2Alo2 2 sTAO A &8 == ct 5,DLsSU Hae B EH
= 2 24(2630) 2 UL MU Td&o| Hoiste Z sTAMA =& 22 ®aE =+
o, DL MU ®ao Ze EXH = g 2630) 2 ZF STA of #YE x 2(F,

I+ &2 AEZ)E S8 UL MU T&of #ofstes ZF STA O A 8 Alof ©sE
2dch.

EH zoyee30)2STAIDZR2 T4 HMEE T + % Qen,uL MU
A= = o A@2610) oM XIAIE STA Sl = HE S UstH X & g clgd, STA ID
2 FTLrHEE MEE s ch

e, B = ol e2630) 2 2 M (adjustment) EES EEE £ Qlch

adjustment EEE AlZh/Fos /M Eo| @XE EHs I E HEE ZEE
et o7 M, EH HE = AP7} = ¢lste STA E o dl&E7L AlZh/Fus /T2

o @7 WHME + Usd 2 2A %Ugap) =2 EHIEE dHFes HEE

|ol&tch O Qo= APZE = 4lstE S 7] &1 % (2621, 2622, 2623) & 7| ez 2

STA ol AlZH/ Tt /M S QAE O EHsH EHE = Ue ¥HE2HE oid™

MEZl: E 3 = g 2630) of ZEE =+ ch

H7A @ 2630) 8 MEYSl= PPDU = Lpart Slol M2 FE2 FMHE ==
dch.

B, 57| A3 (2621, 2622, 2623) U H A I 8 2(2630) 8 & + dlete HAE

FSTAS UL MU A AHEZ = 3 2610) 8 ©ast7| mol = E 5 ok

Eﬁl‘, S 7| & & (2621, 2622, 2623) o M&E2 Msim, 22X (implici) ¢!
EHg Bl APPFUL MU A2 FAHEE Z oY@2610) ol EXH HE E X &5t0]

TEg L Utk oE E0f, F &5l A ™ A Rl (pre-procedure) 0| M APE Zf
STA @ 2HE| T & 2= NDP = = B 1 & Ef (buffer status)/ A& (sounding)
z U Sl Z4 STA ZHe| AlZH/Fus /0t 5o 2x8 EHMNF= EH
HEE MMen, EH HEEB ULMU 2782 =g Yde1008 S Zt
STAOI7H & & =% UCh

g EHE et Q= STAEOIZtEH((OIE &0, o/ UL MU &S
+8E ZF sTA 7holl E H HA7E t2E FS ) 8 7| Al = (2621, 2622, 2623) %

*0

>

Bl

n 4>

10 0

rr
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[545]

[546]

[547]

[548]

[649]

[550]

[651]

[552]

[553]

[654]

[555]

HH™ =g d@2630) 8 54t Hite M2E =5 ch

weh, dfol B HApt HesichH o Hxgt EEE & &= ULk lE &0,
UL MU clole] = 8l & o] CP(cyclic prefix) Z 0|7} STA Ztel of{ = Lt & 7|7}
BEANEX e MER ZI A2 At o8 E™ME 7] 9f Mt M= £
Ck 52 UL MU OFDMA ZTI&g & o STA Zholl 7t= ¢ = (Guard band) 7t
S Esicte Fos x ol EHEset 7| 98 M daE = Uch
TA 2 APO| o8 S ElE ULMU 2782 = 8 Y@610) X X

= 7 (2630) 2 7I8t22 UL MU Ol Ol E = & (2641, 2642, 2643) 2 AP
& gk 0i7|A, ZF STA 2 APRERE £ = o 4(2630) 8 = & & SIFS 0|Fof
UL MU ol ol = i &1(2641, 2642, 2643) 2 APO| T©ag =+ lch

APE ZF STA 2 2ZRE| $algt s sF2l3 o ol B = 8| (2641, 2642, 2643) of|
CHer 8 o2 ACK Z ol ¥(2650) € &g =+ Uct. oiZ|A,APE Z
STA S 28 E & 23 ol ol = ol Y(2641, 2642, 2643) 8 =+ &It SIFS
olFo0 ACK = Bl 2(2650) & Zt STA ol 7| ®&E = 2ot

YA E25 H E260MULMU 27FER Z oY EHE Z oY ACK ZEHHSE
ULMU T& gted 8 823 PPDU o] FXE 20MHz Z|Bte2 F & E = ot
ool cHstod ofcH =& FE xstod = cf & Ml 5| A H ot

T o7 2 4 Eo A AMAlool mE AR 2 CtE AZA (multi-user) TS
52 3 PPDU X8 O AlstE =W O|Ct.

T 270lAME ©coid ol 80OMHz Ol ,UL OFDMA T&8 9Is5tof ZF STA E=2
20MHz S92 Y=ol & & Elctn 7+ gt

£ 279 (a)8 EHZE5IT, 20MHz PPDU LHOl UL MUS| STAE S| ME 7l @ F
Zgtsln, ol ctE 20MHz AMEo| SUE HEE S Atstod TESE £+ Uch

3l & Bss ol A = 2t ol 2| & H(primary channel) O] M H gl= ZS,STAS S E
Bssol dEE ZetolHel Mol TEs e BEE 7HE B X F s
El2 2, zZetolHel 20MHz Aol MHE UL MU T&E2o| STAE S HE & TsHE
=& ¢lct cigl, ol B2 et Bss 2 Qlstod s Y = 2tolM 2l ®dof ZH4] o]
2 MstH =l HE o &Aool WHE &= ok

Zt STA & At¢le] = i (capability) ofl tet 7Fs st 2 E MEE el &= Uch.
ol & £ 04, STA 10| 40MHz CH& x| st STA @ Z2,STA 12 &tho] M2 H
A, & Hml AMEE 48 = Uch =£F, STA 47} 80MHz CH ¥ & X| Hee
STA 21 B2 STA 4= 472 2 & MEE ¢lg = UCt.

ek |, 9l Z2e 2AE Exlsto flstod = 279 (a) 2l 2 < e Z 0]l 20MHz
H2 D E AMEod T ESTAO g BEE T™&sie ZRolwtarEgE = ok
E, 5™ Agol gt de 2 Qstod HEZN 2AMECHetE bR MES S&l HE 7}

K
)

£ 272 ()& X sW, Zt 20MHz ©elotct €8 STAE Z¥Ztel UL MU
Mol oigt HEE ™S & &= Arh
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[656]

[557]

[658]

[659]

[660]

[661]

[562]

[563]

[564]

[565]

[666]

[567]

[568]

L £ 270 (b)ot B2l STA 10l H 40MHz A 'EHO| EE| & Z<,STA 107
20MHz B2 SALE PPDU X2 40MHz ® 22 S ©sE =+ Yt =8t
40MHz PPDU TZx2 FsE =T ch

=% dHF et 20|, ZF STA 2 AH4lo| = Rd(capability) of et 78t 2 E M
glof At Alof #| = EMEE #og = Ut

£ 272| (b) 2 s & Bssof =etol i 2| & & (primary channel) Ol ™ g| &=
e d=2 b = ch

T 272 (c)E }34, L-part 0|2 2| HE-part ¢ Ol O|E{ = ™ CHS PPDU X2
HMasE = ok

ol Z9E, UL MU ##E 2 E HH0| 80 MHz 8 x| #st=s ZdS 0Ol2l APZL
oD Qs Ao g EE = Qo)

T 270 M oAl UE 80MHz, 20MHz S ol CHYEZ 2 M HBo| Holg 25
Al&Ql Ztol aotslm, 2 ¢$EHO| ool St El= W ofLCt.

g, HE-part S0l (S (& & 0, HE-SIG A EE=, HE-STF EE, HE-LTF
LS, HESIG B Z=E & Ho{x ol &tLt) = Lpart 2| +X8 [ME =& Ut F,
L-part @ ZH 0| &4 20MHz o EF 92 7 M E £+ rh.

EfL ULMU 3 DLPPDUE ZH Z By B2 ZHZ 8 28 72 =&

Ch & Eo0{ULMU A7E3 Z Y2 £ 279 @) Z 0l 20MHz H L2
ol SALElo 2F SUE HWEJ e xles 728 2D, s 23 ACK
Blee = 279 (a) S0l stLtel 20MHz T2 o] PPDU & S sl A B ®sE
=5 Uch

gtH, £ 270f| (& UL MU &0t ZREl DL PPDU =& MY HOE
8 UL MU OFDMA TS ollAM ZF STA ©E2 20MHz B2 AEol g5 =
SE ™ol dHS P2}, UL MU MIMO ZT&9| A= olE ¢ o &yol
o
ol E

o o oy
oA 4o 0}>
e rlr m
mjo

ol

of

L o)

(3]

a8
s YstA MEE = Aok

£ 01, 20MHz ol A STA 1 LH K| STA 40{ 7| 20MHz EF2?{ 2] AE2] 1 LiX|
AER| 47l =% 22 g 5/ojfUL MU MIMO TS0 =3ElEs A2, E 279
(@ #0|lZF AEROAM ZE STAO CHEt WEJF T g zlof TE&E = Ut

Eft, £ 279 (b) 2t 20|l 20MHz © 29| Zt AER HHE ST AEF o] gEHE
STA ol CH& M Erto| = & x|lof MasE =+ ch

gt ™o 2 80MHz Oofl A ZF STA B2 80MHz B2 UL MU MIMO TI&2
X|§sle A<, 272 (c)oF Z 0l 80MHz EHRl9l Z} AER HW=R 2 E STA o
gt R Z&Elol & E = ch

CieF, UL MU OFDMA ®&1F UL MU MIMO Eé:—-% S Aloll x| #5725t of
£ 279 (@)%t 22 PPDU =7} Bl EE =5 . o Sof, ™A
80MHz oA Zf STA HZE 20MHz & 2?/2l UL MU OFDMA T&E x| &lst7|
M E T 272 (a)2] oflAlQ Z Ol PPDU & T 35t1, ™ CHe 20MHz ol A Zf
STA 2 5MHz Gt 9/ Sl UL OFDMA Lt 20MHz EF®/ el UL MU MIMO ZT&E
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[569]

[570]

[671]

[572]
[573]

[674]

[675]

[576]

[577)

[578]

[579]

[580]

X stz sideE £ 272 @) 2l oAl & of stLte| 20MHz 2o PPDU + =PHE
Hasis F szl g olct. ol 22, 5€8 PPDU #XEE &8 UL MU
OFDMA &I UL MUMIMO TS DL Z Y #X2E FAHE = 2

G AEFFULMU &8 flsidE UL MU ©&E S8 A
™ %} (pre-procedure) 7} 235 Cf.

A EHibs UL MU TS0 Ee$t STAS o ' & el U/E &= STA § 2 B I
2 El(Buffer status) Ol CHEF E 171 S8 ?IsiM &HIE st= B AHE <o 0| FcCt.

o 7|M ,  HH & B ME = STA Ol 4&3 3 2 TEE O OolE I ofH
HEfQIX| (B E 0, AC(Access Category) X = (0|2 £ 0o, S 4 (voice),
Hl C| 2 (video), Cll OlEl(data) &), LotLt F (queue) ol + X o] UEXR| (lE & o,
#4823 3 diole 27|, 483 3 dolEHZ +ME F 37 &), 482 = dolH
&0l Aotk Al Z8Hx| (0lEg S0, ¥ 2 E (Backoff count), 7
=% (Contention Window) gt S)oil cist ME S Zgg =+ ch

1) NDP HitE ol8sts Y

UL MU T2 2|8t A & & %} (pre-procedure) = Al = 112 o Al 9 S AbsHA|
NDP E 0O|835tof === 5= Qo 5, UL MU T©&0o #ofstes ZF STA 2 2ZFE
NDP B =418t 22M  AP7} ZH STA €2 4%3 3 M Al M WWEE HY
2 El HEE EHSE = ot ol Cistod =g FH xstod M o).

T 282 B 2 FEo A MAloo M2 A& 3 CtE AFSA (mult-user) TS S
2l gt AF © A & (pre-procedure) & Ofl Al 5t = = ®™ o|C}.

= 280l E UL MU TSE fIstod 3702 STASTA 1, STA 2, STA 3)0|
gojstes 2% & 7HH &k

288 #X3sM, APE UL MU T30 #ofsteE ZF sTA ol Al H
& El/AEY Q@ HE s 7] 5t of NDPA(Null Data Packet Announcement)
=z gl ¥(2810) & T & ot

04 7| A, NDPA I 2| (2810) & A £ 122] oAl S Ut x ooz T HE 5
Qdct.

Chek, NDPA X 2l 2(2810) 2 7| E ol 5 &3 A% Hxtol 0|8 == NDPA
= g ot sty 2|5 o, of Hl(Reserved) H|E (0 E
Token ZE9o| ofHl 2 H{E)E 0|83t UL MU T&E

2 X|(announcement) &g &2 £ lch

£ 04, Sounding Dialog
2| &

—_

NDPA I & 2(28 10)2 UL MUof o5t = CHa STAO| CHEt HE E X gste
STA Info E=E X g §cl. STA Info ZEE A2 EH F STA OF Ct sty
ZEE £ 9lom,AIDI2 MEZco] UL MU ®sof 098t = CH4 sTA 2

Al E45t7] @ & AID 7+ = g Elch

fEFH, NDPA I 2| ¥(2810) 2 UL MU T&E Q& A8 85 EHEE o XFE
= Qlck. &, STA Info EEQS| Ncindex ME Z=ZE 0|8&sto{ 2ZF STA of
g§EElEULMU TS 2 et EY HMEE Mg =T gt ols, xRk #

484
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[681]

[582]

[683]

[584]

[685]

[586]
[587]

[588]

[589]

[590]

[691]

[592]

[693]

gd HEE x el EHEE A #E EHE 2 S F S

A EY EEE UL MU TESE Q8 ZF STA 2| Fub+ /AER ME &9
EDnE s Ay I8 S0{,UL MU OFDMA T&9o| Z< zH sTA o] &
e E sz f# Fus /Ad27ielol 2, UL MU MIMO T&9o| ZHe Z
STA O] A 2 A&E HE 15y et 22 QA2 K| Al &t o|wm, ZF STA of
BEE = A dY2 YA AD12 MHE EH=o| = Aol ek ZF sTA of Al
=x3 o 2 RIAlE = Ut

UL MU MIMO T&9 Z< ,nm7Hel AID12 MEEE U X EF E=E
Zldtez2  Z} sTA of g = 3z AEZ o] X|AlE = & L
OFDMA T&e| ZHe nillel AD12 MEE=E U AN @S EH=E 7|dte
S0 STA ZiZiofl #2 Ele Fus A O X|AIE = Uk

NDPA = g 2{(2810) 8 +4I8t STA £ 2 STA Info E=of ZFEE AID12
Me g ULMU &2 98 cHah sTA Qx| & g =

In
By
o
i
o
o1}
kd
Pal
>
S

Rict.

£eh, STA E & NDPA o Z&El STA Info ZEQ| &= Al E & &l NDP T&9|
=ME & = 2k £ 280|M &= STA 1, STA 2,STA 32| & A CH 2 NDP(2820,
2840, 2860) & APOl| T&stHE AP E ol Al Bk

Zt STA &€ 2 NDPA = o (28 10)0ll A R Al & X & W (€ &S 0{,UL MU
OFDMA ZTi&9o| Z< 2zt sTA Ol "M &&dE E 1str7| & Fus+= /M E 7l 2| of
HME ULMUMMO T&o ZHL ZtsTAO A A&g ¥ 13y <8 Al
QlEIA) 2 £ 5 NDP(2820, 2840, 2860) 8 APO| T&SE £ 2lch

™ X{, NDPA = Bi| 21(2810) 8 +=¢I8F STA 12 NDP(2820) € APO| ™5

STA 12 NDPA = 7 (2810) € + 4lstT1 SIFS O|%0i NDP(2820) & A
ssg + ot

0{ 7| A, Z STA Ol T&3sH= NDP(2820, 2840, 2860) 2 AP7F T &3t NDP
Zoig = st ol8stod T 4§k cher, ZF STA O] ®&sHE NDP(2820, 2840.,
2860) 2| VHT-LTF EE (£E HE-LTF ZE) & NDPA = & ¥(2810) ol A x| A| €l
A dHera(F, Fu /28 Jsod) =Z#E 5 Uch

APE STA 12 2RE $4I8F NDP(2820) 2o £ &l old E E (training field) (I8
E0f,VHT-LTF EE T &£ HE-LTF ZE) & 7|22 & 823 M4 El HEE
i 5 o}

CF2 22, APE STA 22RE 482 3 AMI HEE &S50 fsto] Wz
& 1 & (Beamforming Report Poll) = ol 21(2830) € STA 20i 7| & & gt

APE STA 128E NDP 8 = &l5t1 SIFS 0|#% of Beamforming Report Poll
= g 2(2830) & STA 20| Al &8 =+ Qlch

04 7| A , Beamforming Report Poll Z 2 2/(2830, 2850) & YAl & 152| ol A| &
SUgt ooz FTME £ Qct

Beamforming Report Poll = | 2/(2830) 2 =+ 4l 8t STA 2= NDP(2840) 2 AP=Z

ok

I=3
ofl

o
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™ & gt

[594] 04 7| M, STA 2= Beamforming Report Poll T 2 &(2830) € = ¢l s I SIFS
Ol%0] NDP(2840) & APZ ZFag % ok

[595] ChE 22 ,8TA 20 cH gt Dt AT & st |, APE STA 328E A #2393 a4
ME £ #5517 96k 04 Beamforming  Report Poll X g 2 (2850) 2 STA 30 Al
T & 83, Beamforming  Report Poll I 2l & (2850) & =4I STA 3= NDP(2860) &£
APZ T & g

[(596] APE Zt STA S 2EE S ¢l NDP & S8 A D 4 Ef HE G/ = H 1 4 El
HE s g5 = et 2z Hs# HdEE 722 4 sTAOWA UL MU
AHE(ME 204, ULMU MIMO 2 B2 Z STA & 2 E & UL MU OFDMA 2|
2 &4 sTA 9 Fu /MEZN 2lod)E EEE + Uch

[597] QYMER e Fdete &Yy

[598] &AMk 282 oAletE EE2lUL MU TsE 9 8 AFT® A X (pre-procedure) =
MEgA FdEE Zalde ol&sted +=&E = ok =, 21 & of & 2 € NDPA
Z g Y £= NDP & Ol 8stx| gn, & 2a MdE ¢ HE 9 H & Ej
HEE H§S557 et ME ol dolg = ok olo cistod  of el
EHEg  # Esto] Ao A g

[599] T 29 2 o A MAAA M}E HEY I S AER (multiuser) TISS
2| 8t AF ™ A & (pre-procedure) & Ol AlstE T ™ o|CH,

[600] £ 290lME UL MU T188 935t of 3742 STA(STA 1,STA 2,STA 3)0|
doste A9 E 7tH™ ECh

[601] & 298 X oMM APE UL MU T&of FHodstes ZF sTA o 7l H
g El/MRE 2 EE 57 Rletod H & Bl 2 & (BSR: Buffer status
requesty AFEE 2 & (SR: sounding request) I &l & (2910) € Z} sSTA o 7l & & Fch

[602] 0 7| M ,BSR/SR = @ & 291002 UL MiUo| FH o{ st = 4 STA 2| ID(0IE & of,
AID) S/%E = F 4 (address) & = g gtCt

[603] EFH BSR/SR O Z Bl Y(2910) 2 UL MUl E ofst = cHa STA ol H i MElE
Enstn MY Z o YUE APR TSEE7 S MEsEg ZEE = ok =g
ol g ME &= w1 4 Ei(BS: Buffer Status)/ AF2% (Sounding) Z Bl YES T &5t
STA ¢l = M2 Z&E = ch

[604] EEH BSR/SR I B ¥(2910) 2 UL MU T&E8 RIE X8 89 HEE o Zgg
= Uch

[605] A ge HeEsE UL MU TEE 28l 74 sTA o Fots /AE” M dEs

64

2 nEt7| 2 F Ae Wd@lg =Eo0{,UL MU OFDMA T&ol ZH<L ZF sTA 0]
Md 4gg = 3187 P o /ME 2l B2 UL MU MMO TS0 AL
Zk STA O] & & atghs 7l & A= ClEHA)E K| Al ECL o, ZF
STA of 825 & A dye oM STA IDF F4L9 &= Mo et 2 sTA of 7

=X o 2 x| AlE = lch

xmjgj
T
g'l_l
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[606]

[607]

[608]

[609]

[610]

[611]

[612]

[613]

[614]

[615]

[616]

UL MU MIMO T&9o Z2 ,n7Hel STA ID/F & YA g8 EeEE 7|te=z
Zt sTA ol 8%l = 32 AEZ O] X|AIE += {dck =8, UL MU OFDMA
T&o Z2 . nMel STAID/ T2 A A Y LWEE J|¥ez2 530 STA
Ztzio| g & Ele Fus X ol X AIE £ Uck

Zt STA = & W 1] 4 Ef(BS)Y A& (sounding) = il & (2920, 2940, 2960) 2 APO
& Btoh. 04 7| Al, STA £ 2 BSR/SR = oIl &(2910) off Z&E STA ID/ F A HME 9
£ 5ll BS/sounding = 2| 24(2920, 2940, 2960) | T& = A E & £ At =
290 M = STA 1, STA 2, STA 39| & A O 2 BS/sounding = 2il 2(2920, 2940,
2960) B APO| T&ses AL E oAl ol

Z} STAE 2 BSR/SR Z Ol H@2910)0ll A R AlE XAt H HdHOIE S0{,UL MU
OFDMA T&e| Z#E=2 ZF sTA Ol = E &&E 2 1sto| S8 Fus /A = 712l of
HE ULMUMMO ZTsel ZHS ZtsTA O A2 A& E 17| {8 A=
elEiA) & 8 8l BS/sounding = Bl &4(2920, 2940, 2960) 8 APoO|| T&E =+ UCh

™ x|, BSR/SR Z ol &/(29 10)& #4418t STA 12 BS/sounding = &l &4(2920) 2
APoO| & gk

STA 12 BSR/SR = ol (2910) € == &It SIFS 0| % of BS/sounding
= gl (2920) € APO| ©BE £ cl

0 7| A, ZF STA 0| ® &35 BS/sounding I 2l 24(2920, 2940, 2960) £ tH & 4 El
HE o ARE (sounding) & 9T Edlold E=(& &0, VHT-LTF EE =
HE-LTF ZE=) & g8 =+ Qlch o|l& & 01, Frame Control Z =0 tH 5 4 Ef
HEJ} 2 &5, LTF Z2=Ol8 E0{,VHT-LTF ZE £ & HE-LTF ZE) &
BSR/SR = oIl (2910) ol M X| Al &l At H P ot F(F, Fu= /AEZ =+ 0HE)
x3E =+ Ach

T ZF STA O] AFRZ (sounding) € It Edllold EH=EE T&ste Chdl,
BS/sounding = ol &1(2920, 2940, 2960) (0 & = 0, Frame Control ZZ=) o UL MU
H&o| P Mo Lt HEE XAl s £ ct o8& S0, Zf STA 0O
Mz3t= (prefer) st = 2ER =, W x U 3 (beamforming matrix), MCS T 43,
Megl 2lojo xl So BEE T EAIH XS E &= ct

C}&22 APE STA 22RE 48283 A2 EEE &S50 5o
£ 2 (Polling) = ol 1(2930) 2 STA 20| Al ™ & gch.

APE STA 128E BS/Sounding = 2l 24(2920) € £ AlstT  SIFS 0|3 of Polling
= 2 2(2930) € STA 20| 7| HMEE #$= Qlcth

Poling I 2l &2 C} & STA Ol BS/Sounding Z il 28 TsE + UAZ® =3
FE zZ gl e o 0|tk BFSF BS/Sounding Z Bl o] LA Al ZE o] (&g £ of,
SIFS) =&l Z| k| b =cCt™, APE= CF & STA Ol BS/Sounding Z Bl E T ==
UTE Poling Z ol US HEE =+ ch

Poling = 2l 2(2930) € 4I8F STA 2= BS/Sounding X 2il ¥(2940) & APZ
& ot

Rl 1

1l

h
=
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[617]

[618]

[619]

[620]

[621]

[622]

[623]

[624]

[625]

[626]

07| A, STA 2& Polling = &l &(2930) € =+ &It SIFS 0|+ ol BS/Sounding
= Pl ¥(2940) 2 APE T&g == lch

Ct & <22, sTA 20 e I M1 S Ust#H ,APE STA 32RE A gag =<
HeE 8 #5357 98 of Poling = 2l (2950) & STA 30l A &S sta, Polling
= g ¥(2930) & +=4I8F STA 3= BS/Sounding = ol &(2960) 8 APE T & tcl.

APE Zt STA 2 28E =415t BS/Sounding Z 2l &2 S "l 4 e HE
WEE HH 4 Ef HEE ES® = Ut J21, &S HEE 7|22 Z
STAO| 7 UL MU Xt H(0E& S0f{,UL MU MIMO o] A2 ZF STA ¥ A E 3| UL
MU OFDMA 2| Z<2 ZF sTA ¥ Ful= /M Esi2lol)g E€ZE = Uch

B, = 299 olAlollA ZF = g (BSR/SR = &l &, BS/Sounding = gl &, Polling
Zgleh)g ©YSts PPDU £ Lpart 8 Z8HE =T 1 ZESX| e =&
Ch L-part 8 X &3lX| Qe ZS9,HESIG EE(XE & ,HE-SIG A % HE-SIG B),
HE-STF, HE-LTF 2te2 F & E = Ao, FII2 PsDU 7t EMste B
ol ole] Eeg =gg =+ ch

Mg Sof, A HM=EZ ME e ZTYYUCBSRSR Z gl e Tgsts
PPDU O A Bt L-part 8 I &30 L-SIG ZEHEE 7|82z g7} Al STA oil 7| NAV
Mels & = =2 5o, olelol = Ys ®EsE PPDU o A £ L-part 8 0]
FEE = ot ol L-siIG EHE ZF2 Ot x| 9 STA 2 2K E|{ BS/Sounding
ZHUE FHste FLAXIC ez HdHEE = Uch

Mz zedTdelio 7IE zaldo Z#E = Mol ZHEE Yol
3£ YA

Mg xzgds 788X b, 72IFd 0|8 l= MAC = BllYol ZEE| £
= gl & Al of = (Frame Control field) € ¥ Ol OlEstoi UL MU T&E 28 A
H &t (pre-procedure) & += & = lct

o{& E0{,VHT control EE(¥MH T 10FX) &8 E¥sts Z oS
0|2 s, VHT control E = & o0iH| H| E (reserved bit) 2 UL MU E22
HddEetole £0f,'12 A2) 22M ,VHT control Z=9o| ol HEE F o
ol2| o t{ = 4 Eff (buffer status) ME = ZEA| Z = k. & ,VHT control EE=
ol H| H| E (reserved bit) 7} UL MU 822 MME|X| o2 22 7|89 =Y
T SUSH ol E = el ,ULMU 822 MHAEEE ZL ULMU
MEs S @ AT AR (pre-procedure) B I8 ol & + QlCh

olmf, APE VHT control ZE= & 0H| H| E (reserved bit) 2 UL MU E22
MddEstn, MRQ MEEZEEE "1 2 AE gtz BHE dE/AIR2EE 2
Qdct.

STA 2 APERE| VHT control E=EE S8l B8 ¥ HLH(F, HIAEY TS
Aola)y HHUL F AA20| B o MHE, AL TS 7Hola) 7| E 9
CtE HEsn #7uL MU T80 ER gls EESE2 UL MU T8 822
HEFECEMN HE o ei/A2E EDgE " += Ut & £0{,GID 6

b

—_

O Tir

0

g+

488



67
WO 2015/199306 PCT/KR2015/000996

HHE(Z 100lAH MFSI/GID-L AMEZE 2 GID-H AME Z=) Of &l AC(Access
Category) B E 2 HIE) A HIOlE|l 2 7|/4BIE)S Hu]l e HEE X|AlGtE= 6
HEE Z#AZ =+ Uch

[627] GEEH HE Z oY S 2o Fr7|Moz Mg EdE(E2 )
ol &stod ZF sTA of CH & H #EiE RAIE = Uch
[628] & S0, APE H|Z(Beacon) Z &l of a2 & ef L/== = Hul 2 Ef @ FH

HE 8 ZEAl ZI CIS, CF- & (contention freepoll) =Z 2l S & o|&sto{ 2z}
STA 2 2HE| v 4 EfE E 1 & LU, CF- & (contention free-poll) Z 2l S
O|8s5tod s #3a ool Md &eEf WEE Hu 24 ElE Z & AlA
Hast=s XKIAIE = ct olmi,APE Ol E AM'E A Ef J/Ee o & El
SEEEE U Z Z adofl 4 ZEA Z|HL, EEg g ZeAl &+ ot

[629] o & S 0], NDPA(Null Data Packet Announcement) = ol && Al &35t0of UL MU
&2 g A ™R (preprocedure) & = ¥ = Z 2 ,NDPA Z O AU S
Zol #HE = Ut

[630] T 302 B g ol A AAlooll B NDPA(Null Data Packet Announcement)
Z e dAlsteE =@ olct.
[631] £ 308 # =5 NDPA Z gl e = gl A of(Frame Control) EHE=, X| %

A] 2t (Duration) Z!=, RA(Receiving Address) Z!=, TA(Transmitting Address) Zl=,
ME2Y cCtol¥d2a E Z (Sounding Dialog Token) ZEE, STA EE 1(STA Info 1)
ZHE WX STA HE n(STA Info n) 2= U FCs E=2 FHE £+ {ch

[632] RA Zl= ZF2 NDPA Z B Y2 == {lete =4IRF = 4 (receiver address) &= &
STA FAE LU E O

[633] NDPA = gl 0| &tLte| STA Info HEE Z #ste B2 ,.RA EE g2 STA
Info EE LU AID of o|all Al ElE STA S| F28 71 & £ ot olE §0{,DL

SU-MIMO = &£ UL SU-MIMO I A28 ¢8tof siLtel iy sTAc =2
NDPA Z 2| dE2 ©&sle Z< ,APE= NDPA Z 242 cha STA of 7
2 L 7 & E (unicast) 2 T & gl

[634] Htod, NDPA = 2 YOl &Lt O] 4 o] STA Info EEE Z &stes ZS,RA EHE
ke BER2E J|AE F 4 (broadcast address) & 7H & £ Qlct. ol& S0{,DL MU
MIMO/OFDMA £ & UL MU MIMO/OFDMA Md A2Y 2 2lstod HolxE 3Lt
O|l4 o] 4 STAS 2 NDPA Z Bl e T™&ste ZSP,APE NDPA Z 22
H2c= 7| A &l st

[635] TA ZE 22 NDPA Z B YUE TSEsts S4A F 4 (transmitter  address) &£ =
HM&ste sTAS F4& T & thHE A|2'28 TA(bandwidth  signaling TA) &
Lt Ef LHCE,

[636] Sounding Dialog Token %! = (5£& Sounding Sequence ZE=) &= 0 H| (Reserved)
MEZ= G Al A % (Sequence Number) ME Z=z T A= £ Qct

[637] Sounding Dialog Token ZEE= UL MU T&2 Qe A ™ Hxp(F, AR2E E1
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[638]

[639]

[640]
[641]

[642]

[643]

[644]
[645]

PCT/KR2015/000996

al/ef = HIE A E) HE ED) Qx| DL MU &2 @t AF™H HRHF, AIRY

H1) QIx| 4R E X|Alsts BEE Z&E =+ ch
E 102 2 &¢Ho| U AAlojof (k& Sounding Dialog Token

ZEE oAlstE

3% o|C}.
& 10
[Table 10]
A8 e H] E | A Y] (description)
Reserved 2 d 7FA] STAS] 74§, o] 3 A Hc}.80.11ax
STA(Z, HE STA)9] 7 —E’-ﬂ} ol A gt
'0': DL beamforming (X~ L MU)'1": UL
beamforming (5=1=, UL MU}
Sounding Dialog 6 NDPA = 2)-2 21835} 7] 9] 3l Beamformerell 2] 3]
Token Number Ae g gk
E 108 FHZ=5H, 2ll7HAl sSTA 2 O|H|(Reserved) ME ZEE T AlFHCE

HE STA £ Reserved AEZE ZFo|'0o O/, DL beamforming (&, DL MU
H&)o 2 s Etct aelxm, oA AHF " QF Z O] NDP (EE= Beamforming
Report Poll Z 2SS Sa&ll 5t¥d 3 xM'IS F A 504, VHT Compressed

Beamforming Z S Sal i HEE Arof nj= 4

BHH, HE STA 2 Reserved AMEEEZ Zt 0| '1 O|®™, UL beamforming (&, UL MU

M&)yo2 siMsict a2, ZtstA 2 AP7F AE2 3 7Ee

dE¥T 3 A £ ZHUS AP0 TS EHCH

=Y 4 A=

Z} STA Info EEE AID12 AMEZEE, I|= Y El Q(Feedback Type) AMEEE G

Nc @IEIA (Nc Index) MEZEZ 3 AE = Qch

E 112 2 4 3ol L AAlojofl [HE STA Info HE

£ 11

490

o Al 8t = I O|C}.
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[Table 11]

P = e H] E A (description)

AID12 12 ALE ) 3 = ul rfj4ko] ¥]3= STAS] AIDE 3134
STA®°] AP®] 7]} 1] 4] (mesh) STA®] 7—] L} IBSS 9] 2l
STARl A5, AIDI2 B E = e 0o s AA43%)

Feedback 1 AL 4 STAC] ol ¢ ] = g A e} & A|A]gSUS!

Type A5 ‘oMUl 251

Nec Index 3 - d 7FA] STA = 802.11ax STA(Z:, HE STA) =l

[646]

[647]

[648]

[649]

[650]

[651]

Sounding Dialog Token *2 = 2] o H]{Rc‘;crvcd) Aude =
%8}l DL beamforming (55, DL MU) 2. & 8} 4] ¥] = 4 ¢

o5 O] GH A1 gkc}. Feedback Type A 2.4 =7}
MU-MIMOZ A A 8}= A9, ¢t=5 vl £l )= ol

gy (compresqed beamforming feedback matrix)2]

A (column) 7} —r(Nc)oﬂ A 18 2% 2h8 A1 A $FNe=1
73 9-, '0Ne=2 7 -, '1'..Nc=8 7 5-, '7'SU-MIMOR] 74 --,
qH] HBREE= &M - 802.11ax STA(Z:, HE STA) 5 1
Sounding Dialog Token 2 = 2| o] v](Reserved) A] B3 = £
5-8ll UL beamforming @ & &} 4] &] 1= 7 -¢-, -7} /{:]'0]
all 4] gt} 2} STA o] F &3l of 8= AL

2= E ¥ (sounding stream) 5~

E 112 H§ZotH Ncindex MEEEE DL MU ©SEQIX] uL mu ©SLIX] of
et M2 g F8E 8 T8 = o
M X{, Sounding Dialog Token ZE29| OiH|(Reserved) ME ZE = Zko|'0 2!
7='°(x DL MU T&2| Z2), Ncindex ME ZHEE FFE Hx ol ujc 8y
2d(compressed beamforming feedback matrix) 2| % (column) 7H==(Nc ) (MU-MIMO
BR)E ZE5 AL dH MEEHeER2 dFEECHsu-MiMOo 2] ER).
(ekA , Bl 7FAl STA EE &= 802.1 lax STA (&, HE STA) & Nc Index AME
2t APR2FE| == Al5l= NDP (S£& Beamforming Report Poll Z 2 22 S &l
FEHE stEEa M HEE Aro m|= e St
El'ﬁ, Sounding Dialog Token ZE=2| OfH|(Reserved) MEEE= Zfo]|'1 2!
(&, UL MU M&2| Z2R) Ncindex AME ZCE &= ZF sTA 0| &8l of 5t
)\["a_?"“_é! AE 2| (sounding stream) =2 I & 8tct
o47IM, AIRE AER == T AIRE AE R =8F2| LTF EE=(dE
£ 04, HE-LTF L} HE- Ol EHE (HE-midamble) S)& Z &35t= NDP 2 & dieteE
olol2 sl A EICH
[2kA |, 8021 Lax ST A (F, FEE STAI 2 APOIAM & &3 Ad

Z2e Zhol

rll?,'l

Fll|0

=3

e
T
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UEE Ncindex ME EHeo] ol8f X|A|E AEE =SUF LTF TLEE X &shes

NDP & APl ™ & Btk Ol M, STA & 2i(capability) Ol ZICH 4 7H o] 2 E B &

Xl st 2t=, AP7F Ncindex ME ZEE S8l 2712 AER o Cf & LTF EHEE

Z Est= NDP & T sictn MRS A2, sl T STA 2 Nclindex M E Heof

ofsf X|AlE 272l ~E8] of Ci§ LTF H=EE X &= NDP E APO| ®™& gk
[652] Ol HHEE A Hl WA e g4 o= F He 2hao &) 48

=5 QU E E0f, WM WAoo R M HEE &4 s5tn, M #HH

YAMoR B ME| HEE Saag = Uk

[653] 312 2 4Ho A AAoo mE A4FR I CtE AZR (multiuser) TEE
2| gt At & H %t (pre-procedure) & | Al St = = ™ o|Ct.

[654] £ 318 X5, APE UL MU T&of #o0{8tE STA 1 LHX| STA nn 2
olah) of H AlR2E S/EE BHH SEl 23 Z A2 HEeCh (S3101).

[655] ANeE /EEsE HE 4E 2 T B Ade A A EE NDPA(VHT  Null Data

Packet Announcement) X & @), H| & (Beacon) Z &l & S o] ol& & £ Ict. =g
d=t dd ZolMER2 ZHYE Mostx| g1 JIE o 08 &5 &= MAC

Z e = 8l Mojf EHE(Frame Control field) & YOl Ol Estol Ol & =&
ik =B, ME A Mol E H & Bl 2 ¥ (Buffer status request)/ AFHR2E

2 X (sounding request) Z i 2/ 0] 0|8 E $= & lc}h

[656] Al g/ E o NE @ U2 Zf STA Ol ARE /= s B 4 Ef
Zgee mEsh of st AER 9 I+ E KlAlste HEE ZEE = ot
[657] csh Al2E 2y e Mo ArE 2 & Z P Y2 ZF STA O] AIRE A/ = B
=]

dE ZHUS HEY =AM HEE ZEE £ Uch olE Eof, AIREY W/EE
Ho 4Bl 2 8 Z o2 2 sTAC &4 HEof et st ARE
AEZ (sounding stream) 7+ HMEE g = QlCh

[658] Aeg a/sE Mo AEl @8 T HUoR2M J|E S NDPA(VHT  Null Data
Packet Announcement) Z 2 20| Ol Ele A% A2 YWEs HY &4 Ef 2 H
Zged2 DLMU dEE SIS ZHYAXULMU TE&eE ez dax
T ESZ Rt HEE ZEg = ot

[659] ARE Sl/EE o A Ef 2 Z Y F4IEE STA 1 LHX| STA n2 APO 7
ARE SW/EE HE A E Z e MEEct (S3102).

[660] STA 1LHX| STA n2 M2E /E e HHY 24l 2 Z 2l YoM XAl E & A
HEO et =AME AAMRE /s HI & Ef = 3 AS AP A HasE =+
ict.

[661] Tt STA 1LHX| STA n2 AREY W/E e HI 4 Ef @ 8 Z 8o o3

XAl E AEB Jf5PtE LTF (02 = 0, HE-LTF = = HE-midamble S§) &l &

B EEsle ARY WEE HY dE|lZ A2 AP TSE £ UChL
[662] g, AMed /EE HE dEl 2 ZTHUdS MYstes PPDU R LSIG EE

2 ZIg22 Bll7tAl STA 7F NAV A EIE & %= UESE Lpat 8 ZFE =+
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[663]

[664]

[665]
[666]

[667]
(668]

[669]

[670]

[671]

[672]

[673]

e, AAed /&= Ho 4B = ads ©ESE PPDU 2 Lpat 8 ZEE
=E o X EEX| 28 =5 ot Lpart B E SR &= B2 ,HESIG
Z = (% =, HE-SIG A % HE-SIG B), HE-STF, HE-LTF Bte=2 T M E £ Qomr ,
FIt2 PsDU 7 EXsts B dlolE EEE EZEE = Uch

e, s3101 oA A EIXR|E ke, M = 28EE £ 299 ZolF HAM
= A O|F2] STA 2 APERE & @ (Poling) Z Bl Y& =4t F ol AIRY
WEE HY 2 e = 23S APoll TEE = Uch olE Sof, ®H EHM = M2
STA Ol APO| AlRE S/ E HE 4 Ef Z 2 UE MSsH, APE § H &= A 2
STA ol #| & 2 (Polling) Z Y2 & stn, F Hm =AM ol STA & E & (Polling)
=P Y+ F ARY WEE Hy e = AP sy + ok Al
W =M ol¥2] STAZ SUE Aoz FTYE &= Uch

OlF, APE Z STA S 2RE| 418t A2E /=& B 4 Ef = g2 ai
M AeEldE /= HH A E| MEE S E £ QU O, g5 # HEE
Z|1Z2 Z} STAO A UL MU Rt & (0l& E0{,UL MU MIMO o] Z<S Zf STA &
AE®R, ULMUOFDMA 2o AL 2 sTA & Fo /ME FlElo)E EHEEH =+

24t

-

filo
ofm

.,_
02

B 8Ol M8w + o Xl At

E32e e YddEe daAAdAmE FM EFRE dAIStE E 5%0| C}.

322 #HzxsH, B ddo g H (32100 = = 2M|A (processor, 3211),

Hl 2 2l (memory, 3212), RF & Y (radio frequency unit, 3213) & Z&& =+ lCh
232100 = B ZdHof| 2 AMAlo|E 7 57| 2IE AP E = non-AP STA & =
ict.

RF % % (3213) & Z 2MIA (3211) & ZE of £ M AE E S &/ 4 = ok
ol 8 £ 0{,IEEE 80211 Al "o M E EElAHESS FHE = U

Z 2MIM (3211) & RF &7 '£(3213) 2k @A £/ of IEEE 802l Al2®”ol @& & 2l
AE W/EE MAC HSE2 TEHE =+ Utk Z 2AHM (B211) = Tedt 2 ¢4 F 2
cieret A Aloof ol 8 SEe sy FHE & ok =E=3, msSE B
@ ol chefst A Alodlofl & AP /E = STA o 858 F Hsle =ZEO|
H=Z2l 3212) of M& =] 1, = 2A|A (3211) off 2|5k of A #E = )c}

H2Z2l (3212) = = 2AHAM 3211) & HZ Z|of, = 2MHAM (3211) E F 5517 < &
cierst ™E 8 X Z gict HzZal (3212) & = 2AMM (3211) o LiFol| = & = Hut
EE ZE2MAAM (3211) o 2IF0] Md=xlElof = 2AMAM (3211) 2 3 x| 2| =Etol| 2| &l
dZEE =+ ch

et & x[(3210) & £ 7i e oFEll L (single antenna) %= = C}E ek Ell LI (multiple
antenna) & 7+ & £+ lcC|.

et Ze, FxE210) ol F A FHE, et 2 @ F ol et

Ao dEE AEEC SEHe=2 MBEHU £ 2 042 dAloTt

ok
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[674]

[675]

[676]

[677]

[678]

SAll MESEEs 7 HE + Uck

Ol A MEE AMAldES B UH FTHAEDN SFEO ALY SEHEZ
A E WSolct. d FE24A = S§F2 Hxo HAIY z0| s &
MEX{Ql Ao 2 ne{Elojof #ct Zt 2 HA EE SEF2 CE Fo2AL
S0 AEEX 2 SEl2 AMAIE 5 ot E£8 UR FHRAE WEE
SZES Atelod 2 UHO| MAWE FHe = R 7tssict 2 W HI
MAlME0M HBEEIE SHES =M= HZEE == ck ol AlAlofo U
FHOILt SEF2 CHE HAldol Z8E = A1, £&= 2 HAlde iS5t
FHEESEN A S Ack SHETHLAA BAIHQ A BAHI UK
e HPEEES ZAEstod HAAE FHESHHLLEHE Fo EF-ol ofsi M2 &
H3goz ZEA &+ USS R Hsicth

B drdof e AAloE ctdEt =B olE S0, st=9 of, H ?ll oi(firmware),

=
AZEQof EE a0 AR Sof ols THE £+ Aot s flojof of
Tee @, 2 $He U Ao s L EE= 1 olae] AsICs(application

specific integrated circuits), DSPs(digital signal processors), DSPDs(digital signal
processing devices), PLDs(programmable logic devices), FPGAs(field programmable
gate arrays), T2 MA EEZE8, 0l0|22 EEZ, 0tolaz Z2AMAM So
olsh 7 #E 4 rt.

HUo{Lt AZES ofo o8t TEHO W, 2 wHol A AAlolE ol4 oA
MHE Vs T SASE Wt 2E, WA, 4 S0 HejE 2HE £
AUt AZ E Qo] 2EE HIZ 2o HEEIof Z2MAMO 2lsi +8E = AUCh
7l H22l & 47 Z2HM WHE E= Fol fIx|stod, olo] B x| & chEt
Ero ola & 7| =2M Mot Co|lEE F1 ¢ 5= Yt

2YEe 2 uddo g 582 HollhX| o= Helod ot E S-E
HHEZE FAstE = UASS AR A X Btk metd | dsE S ME dB82
DE HOM MM 2 s ElojdE obL] &l HAXQ Zde 2 1124k ofok
o 2 4 Ee Hels MR E ¥ygel &al™ siAol ofs 2 x| o{ok 51,
2 uHo S5 He oMo R E HE2 2 WHo| Helof x & Eict.
tHY ol ItsE

2 UHo B S AAHNM 483 3 O 5 AISA TS Wet2 IEEE
802.11 AlARlo] MEEl= olg Sz MBS RF2Lt, IEEE 802.11 AlAE
ollox Ctet FH S&l Al Hloll K88t Zd 0| 7k s8tCt
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T 9
(&1 S SN MA-EAM O E AEX (multi-user) & FJF3 Ol Ol
TEE e o UM,
STA(Station) Ol AP(Access Point) 2R E A2 H zZ g s
=olst = 2 A Y
gI]sTAOC 47 AREY 2 Zdldo e S EH2E A2E
Zelde 47 APl TEstE BHE = Fstn,
gAY 2 Z ode 4 7] sTA o] & 7| Jx!-‘:":' zZ A
Tas ok st AE RO =8 KIAlstE HE E X &35t |
A7l Aed Zade 427 A &9 J{PtE LTF(Long Training
Field) &l 2 € Z &sts & &83 3 ASA ©s ¢ .
873 2] A 18 ofl UofA,
gAY 2EFZHHUS 47 ARE 2FH Z ool 4 ga3
dlole| &g 8t A2 2382 XIAd7 /ét HEE
Z st 4283 O3S MASKH TE g H.
(53 3] M2& ol 2loi,
a7 A2Y 28 = oY VHT XN o{(VHT Control) EE=9|
MRQ(MCS(Modulation and Coding Scheme) feedback request)
MEEE W87 ¢&83 OIoEH T& 8 /I M2E 28
KlAlet 2] @8t WEE T #ste 483 a o3 NSk s dd
77 4] M 28 off 2LoiAd,
dI MY 2E ZdAS A2EY Coldz2 1 E Z(Sounding
Dialog Token) EE= W & 7| & & &3 O OlH ©&EE & A2Y
LEE XA Y HEE Z #@stE Mg 3 OF ASK

& gy

0l

OF
1
=\
=
o
”
s

N 1E ol 240 A,

& 7] 22 = Bl &2 L-STF(Legacy-Short  Training Field),
L-LTF(Legacy-Long Training Field) 2! L-SIG(Legacy SIGNAL)
ZIcE A o stx, HE-STF(High Efficiency STF), HE-LTF(High
Efficiency LTF) % HE-SIG(High Efficiency SIGNAL) Z = plo=2
THEE 23 OF ASKH Ts gY.

(373 6] M 18 ol oA,

2 M2E 2EHzOYU2 4 7ISsTAL HEH 4Bl HEE
¥ 7| /e B2 E 2 &s5to,

A7/ 422 Z o2 47| SsTAS H 4 Ef HE &8 X &3t
4833 O3 MA8A TS g H.

853 7] K68 off 2lofAd,
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A7 HH 4 el HEE 47 sTA Ol H&s & A eala dlolE el
AQAccess Category), &F 7| At&F2l3 O|o|E 3 7|, & 7| & &2lg
Cl OlE{ 7} %= = &l T (queue) 2 3 7|, At 7| &2 3 o o|E TS
CHEH B I (backoff count), &F 7| & &2/3 Ol o|E T&oi CHE
A2 RIE 2 (contention window) & XMo{E o{L- SlLie| HEE
X Ests CtE AISA s oY,
A1gol oM,
7| ARE & Z 22 NDPA(Null  Data Packet Announcement)
Zdelcts ALZA &4E2 3 diolE s W,
AM1goll QoiM,
A 7| AHRE = 3 22 NDP(Null Data Packet) @1 &2 3 CI &
ALS XA T W,
FM S AAHNM CFE AL} (multi-user) A& 213 o 0|
a8 et ol UoiM,
AP(Access Point) 7} Ct & AFEX A E23 OlolE| T&o0l #odste
STA(Station) O H AIRE 2 Z 8 ©Mases A,
&I71APII H7ISTASZRE H7IAR2E 28 Z Yol cHEt
2oz ARE Z YU $£AlsHE BHAH; U
AZIAIRE 23 Z U2 AT STA Ol &7 AIRE Z Y e
Hasl of 3t AE S I+ 8 XIA|Gte HEE Z#s5HH,
AT AIRE Z U2 AT AE
Field) & X &35l A ¥23a s
AM10E o oM,
A7IAPILAIRE Z e Mas QA5 7| fIstod CHE AHSAL
& 23 dolE T&ol Foist= X2 sTA of| Al & 2 (Polling)
ZoYs dsste BAH; Y
MAIZIAPZI AT M2sTASZRE Y| Z2 Z ol 2oz

|

ArRg ZEdg siste BHAHE o XEste & E¥3a O F

=

2l 9| 7J§=PFE LTF(Long Training
ALE2R ©a 9,

&7lAaP7L A7 ARY ZEUs S SsHE &4 F

HEE J|gtez2 A7|sTAd 4T M KBS S EE
BHAE O Z&ste eI O3 AR ©s ¢,

FM S AAHHA CFE ALEA}F (multi-user) & E23 OlolH

=
™M& 8 Qe sTA(Station) E x| 0] Uo{M,

FHUSE &=8357] T RF(Radio Frequency) & '%; &
Z2MM & ZESD,

Ab7| = 2 MM E AP(Access Point) 25 E| AIRE 23 Z gl
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= Al3st,
HA7IA2E 2 Z YU et S Eo2 AT T AUS 47|
AP & SER RAIED,
A7 A2E E T YU A7]sTA Ol & 7] AIRE Z H =
T&al of st AE B V=8 XAt HEE X &sH,
MIIARE Z Y2 47| 2E 9] JH+PBHE LTF(Long Training
C
=

Field) &8 & X &3

M SA AA-HOAM CHE AFEXRF (multi-user) 82 3 O] O|E
&2 28 AP( Access Point) & x| 0] Rd0o{ A,

T AMEE &= 4517 @ RF(Radio Frequency) & '; %
Z2MME Z &5,

7]/ Z2MME O3 ASA 4823 dolE ™&o &ofstes
50| sTA(Station) OlH ARYE 2 H Z g &6,
&7|sTACERE 47IARE 2H Z o it SHSZE
Al Z s sAEESs FHED,

HI7A2E 28 T Y U2 4 7(sTA O] 27| AIRE Z Y AS
&l of st AE RO V=8 KA |'1: HEE ZEsH,
MAIIAR2E Z Y2 47| AE 22 7i5BFE LTF(Long Training
Field) & Z &ste & =
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TRIGGERED TARGET WAKE TIME OPERATION

CROSS-REFERENCE TO RELATED APPLICATION(S)

This application claims the benefit of U.S. Provisional Application Serial No.
62/109,024, entitled "TRIGGERED TARGET WAKE TIME OPERATION" and
filed on January 28, 2015. U.S. Provisional Application Serial No. 62/126.403,
entitled "TRIGGERED TARGET WAKE TIME OPERATION" and filed on
February 27, 2015, U.S. Provisional Application Serial No. 62/244.682, entitled
"TRIGGERED TARGET WAKE TIME OPERATION" and filed on October 21,
2015, U.S. Provisional Application Serial No. 62/245,941, entitled "TRIGGERED
TARGET WAKE TIME OPERATION" and filed on October 23, 2015, U.S.
Provisional Application Serial No. 62/260.155, entitled "TRIGGERED TARGET
WAKE TIME OPERATION" and filed on November 25, 2015, U.S. Provisional
Application Serial No. 62/278,366, entitled "TRIGGERED TARGET WAKE TIME
OPERATION" and filed on January 13, 2016. and U.S. Patent Application No.
15/008,409, entitled "TRIGGERED TARGET WAKE TIME OPERATION" and
filed on January 27, 2016, which are expressly incorporated by reference herein in
their entirety.

BACKGROUND
Field

The present disclosure relates generally to communication systems, and more

particularly, to triggered target wake time operation.

Background

In many telecommunication systems, communications networks are used to
exchange messages among several interacting spatially-separated devices.
Networks may be classified according to geographic scope. which could be, for
example, a metropolitan area, a local area, or a personal area. Such networks would
be designated respectively as a wide area network (WAN), metropolitan area
network (MAN), local area network (LAN), wireless local area network (WLAN),
or personal area network (PAN). Networks also differ according to the
switching/routing technique used to interconnect the various network nodes and

devices (e.g., circuit switching vs. packet switching), the type of physical media
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[0004]

[0005]

[0006]

employed for transmission (e.g.. wired vs. wireless), and the set of communication
protocols used (e.g., Internet protocol suite, Synchronous Optical Networking
(SONET), Ethernet, etc.).

Wireless networks are often preferred when the network clements are mobile
and thus have dynamic connectivity needs, or if the network architecture is formed
in an ad hoc, rather than fixed, topology. Wireless networks employ intangible
physical media in an unguided propagation mode using electromagnetic waves in
the radio, microwave, infra-red, optical, etc.. frequency bands. Wireless networks
advantageously facilitate user mobility and rapid field deployment when compared

to fixed wired networks.

SUMMARY

The systems, methods, computer-readable medium, and devices of the invention
each have several aspects, no single one of which is solely responsible for the
invention's desirable attributes. Without limiting the scope of this invention as
expressed by the claims which follow, some features will now be discussed briefly.
After considering this discussion, and particularly after reading the section entitled
"Detailed Description,” one will understand how the features of this invention
provide advantages for devices in a wireless network.

One aspect of this disclosure provides an apparatus (e.g., a station or an access
point) for wireless communication. The apparatus may be configured to transmit a
first message that includes a first trigger field to a second wireless device. The first
trigger ficld may indicate whether the first message includes a request for a trigger
message (or frame) to be sent by the second wireless device at a start of one or more
target wake times (TWTs) of one or more TWT service periods. In an aspect, the
TWT may be referred to as the target trigger time (TTT), or any other time
reference. The apparatus may be configured to receive a second message from the
second wireless device. The second message may include a second trigger field
based on the first message, and the second ftrigger field may indicate whether the
second wireless device will transmit the trigger message at the start of the TWT
service period. In certain embodiments, the second message may be sent to the first
wireless device without receiving a first message. In certain embodiements, the

message may be multicast or broadcast.
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Another aspect of this disclosure provides an apparatus (e.g.. a station or an
access point) for wireless communication. The apparatus may be configured to
receive, from a second wireless device, a first message that includes a first trigger
field. Tthe first trigger field may indicate whether the first message includes a
request for a trigger message to be sent by the first wireless device at a start of a
TWT service period. The apparatus may be configured to determine a TWT
schedule based on the received first message. The apparatus may be configured to
transmit a second message to the second wireless device. The second message may
include the TWT schedule and a second trigger field based on the determined TWT
schedule. The second trigger field may indicate whether the apparatu swill transmit
the trigger message at the start of the TWT service period.

Another aspect of this disclosure provides an apparatus (e.g.. a station or an
access point). The apparatus may be configured to determine a TWT schedule. The
apparatus may be configured to broadcast a message that includes the TWT
schedule to a number of wireless devices. The message may include a broadcast
indicator that indicates the TWT schedule is a broadcast TWT schedule.

Another aspect of this disclosure provides an apparatus (e.g., a station or an
access point). The apparatus may be configured to receive from a second wireless
device a message that includes a TWT schedule. The message may include a
broadcast indicator that indicates the TWT schedule is a broadcast TWT schedule.
The apparatus may be configured to determine one or more TWTs for the first
wireless device based on the TWT schedule.

Another aspect of this disclosure provides an apparatus (e.g., a station or an
access point). The apparatus may be configured to determine whether to switch to
an active mode, a power save mode, or a TWT power save mode. During the TWT
power save mode, the apparatus may enter an awake state during TWT service
periods and may enter a doze state outside of the TWT service periods. The
apparatus may be configured to transmit a message to a second wireless device
based on the determination of whether to switch modes.

Another aspect of this disclosure provides an apparatus (e.g.. a station or an
access point). The apparatus may be configured to receive a message from a second
wireless device that indicates an intention of the second wireless device to switch to
an operating mode. The operating mode may be one of an active mode, a power
save mode, or a TWT power save mode. During the TWT power save mode, the
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second wireless device may enter an awake state during TWT service periods and
may enter a doze state outside of the TWT service periods. The apparatus may be
configured to store the operating mode associated with the second wireless device.
The apparatus may be configured to transmit to the second wireless device an

acknowledgment of the operating mode switch.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example wireless communication system in which aspects of
the present disclosure may be employed.

FIG. 2 is an exemplary diagram of a target wake time element for supporting
target wake time and trigger frame scheduling.

FIG. 3 is an exemplary diagram of a wireless network implementing solicit
TWT scheduling and an exemplary timing flow diagram for TWT operation.

FIG. 4 is a flowchart of an example method of requesting TWT scheduling.

FIG. 5 is a flowchart of an example method of responding to a request for, or
transmitting information related to, TWT scheduling.

FIG. 6 is an exemplary diagram of a wireless network implementing broadcast
TWT scheduling and an exemplary timing flow diagram for TWT operation.

FIG. 7 is a flowchart of an example method of broadcast TWT scheduling.

FIG. 8 is a flowchart of an example method of communicating based on
broadcast TWT scheduling.

FIG. 9 is an exemplary diagram of a wireless network supporting power save
modes for TWT scheduling and an exemplary timing flow diagram for TWT
operation.

FIG. 10 is a flowchart of an example method of switching to or from a TWT
power save mode.

FIG. 11 is a flowchart of an example method of signaling for switching to a
TWT power save mode.

FIG. 12 is an exemplary diagram of a request type field within a TWT element
for broadcast TWT.

FIG. 13 illustrates a method of broadcasting TWTs for multiple TWTs.

FIG. 14 illustrates a method of employing a cascaded field in a trigger frame

within a TWT service period.
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FIG. 15 is an exemplary diagram of a TWT group assignment ficld within a
TWT element for a broadcast TWT for multiple STAs.

FIG. 16 illustrates an exemplary diagram of a second TWT element format.

FIG. 17 shows an example functional block diagram of a wireless device that
may perform TWT scheduling within the wireless communication system of FIG. 1.

FIG. 18 is a functional block diagram of an example wireless communication

device that performs TWT scheduling.

DETAILED DESCRIPTION

Various aspects of the novel systems. apparatuses. computer-readable medium,
and methods are described more fully hereinafter with reference to the
accompanying drawings. This disclosure may. however, be embodied in many
different forms and should not be construed as limited to any specific structure or
function presented throughout this disclosure. Rather, these aspects are provided so
that this disclosure will be thorough and complete, and will fully convey the scope
of the disclosure to those skilled in the art. Based on the teachings herein one
skilled in the art should appreciate that the scope of the disclosure is intended to
cover any aspect of the novel systems, apparatuses, computer program products, and
methods disclosed herein, whether implemented independently of, or combined
with, any other aspect of the invention. For example, an apparatus may be
implemented or a method may be practiced using any number of the aspects set
forth herein. In addition. the scope of the invention is intended to cover such an
apparatus or method which is practiced using other structure. functionality. or
structure and functionality in addition to or other than the various aspects of the
invention set forth herein. It should be understood that any aspect disclosed herein
may be embodied by one or more elements of a claim.

Although particular aspects are described herein, many variations and
permutations of these aspects fall within the scope of the disclosure. Although some
benefits and advantages of the preferred aspects are mentioned, the scope of the
disclosure is not intended to be limited to particular benefits, uses. or objectives.
Rather, aspects of the disclosure are intended to be broadly applicable to different
wireless technologies. system configurations, networks, and transmission protocols,

some of which are illustrated by way of example in the figures and in the following

Lh

538



WO 2016/123403 PCT/US2016/015465

[0032]

[0033]

[0034]

[0035]

[0036]

description of the preferred aspects. The detailed description and drawings are
merely illustrative of the disclosure rather than limiting. the scope of the disclosure
being defined by the appended claims and equivalents thereof.

Popular wireless network technologies may include various types of WLANs. A
WLAN may be used to interconnect nearby devices together. employing widely
used networking protocols. The various aspects described herein may apply to any
communication standard, such as a wireless protocol.

In some aspects, wireless signals may be transmitted according to an 802.11
protocol using orthogonal frequency-division multiplexing (OFDM), direct-
sequence spread spectrum (DSSS) communications, a combination of OFDM and
DSSS communications, or other schemes. Implementations of the 802.11 protocol
may be used for sensors. metering, and smart grid networks. Advantageously.
aspects of certain devices implementing the 802.11 protocol may consume less
power than devices implementing other wireless protocols, and/or may be used to
transmit wireless signals across a relatively long range, for example about one
kilometer or longer.

In some implementations, a WLAN includes various devices which are the
components that access the wireless network. For example. there may be two types
of devices: access points (APs) and clients (also referred to as stations or "STAs").
In general. an AP may serve as a hub or base station for the WLAN and a STA
serves as a user of the WLAN. For example, a STA may be a laptop computer, a
personal digital assistant (PDA)., a mobile phone. etc. In an example. a STA
connects to an AP via a Wi-Fi (e.g.. IEEE 802.11 protocol) compliant wireless link
to obtain general connectivity to the Internet or to other wide area networks. In
some implementations. a STA may also be used as an AP.

An access point may also comprise, be implemented as, or known as a NodeB,
Radio Network Controller (RNC). eNodeB. Base Station Controller (BSC). Base
Transceiver Station (BTS). Base Station (BS). Transceiver Function (TF). Radio
Router, Radio Transceiver, connection point, or some other terminology.

A station may also comprise, be implemented as, or known as an access terminal
(AT). a subscriber station. a subscriber unit. a mobile station, a remote station. a
remote terminal. a user terminal. a user agent. a user device. a user equipment, or
some other terminology. In some implementations, the station may comprise a

cellular telephone. a cordless telephone., a Session Initiation Protocol (SIP) phone, a

6

539



WO 2016/123403 PCT/US2016/015465

[0037]

[0038]

[0039]

wireless local loop (WLL) station, a personal digital assistant (PDA), a handheld
device having wireless connection capability, or some other suitable processing
device connected to a wireless modem. Accordingly, one or more aspects taught
herein may be incorporated into a phone (e.g., a cellular phone or smartphone), a
computer (e.g., a laptop), a portable communication device, a headset, a portable
computing device (e.g.. a personal data assistant), an entertainment device (e.g.. a
music or video device, or a satellite radio), a gaming device or system, a global
positioning system device, or any other suitable device that is configured to
communicate via a wireless medium.

The term "associate,” or "association,” or any variant thereof should be given
the broadest meaning possible within the context of the present disclosure. By way
of example, when a first apparatus associates with a second apparatus, it should be
understood that the two apparatuses may be directly associated or intermediate
apparatuses may be present. For purposes of brevity, the process for establishing an
association between two apparatuses will be described using a handshake protocol
that requires an "association request’ by one of the apparatus followed by an
"association response” by the other apparatus. It will be understood by those skilled
in the art that the handshake protocol may require other signaling. such as by way of
example, signaling to provide authentication.

"won

Any reference to an element herein using a designation such as "first,” "second.”
and so forth does not generally limit the quantity or order of those elements. Rather,
these designations are used herein as a convenient method of distinguishing between
two or more elements or instances of an element. Thus, a reference to first and
second elements does not mean that only two elements can be employed, or that the
first element must precede the second element. In addition, a phrase referring to "at
least one of a list of items refers to any combination of those items, including
single members. As an example, "at least one of: A, B, or C" is intended to cover:
A.or B, or C. or any combination thereof (e.g.. A-B, A-C, B-C. and A-B-C).

As discussed above, certain devices described herein may implement the 802.1 1
standard, for example. Such devices, whether used as a STA or AP or other device,
may be used for smart metering or in a smart grid network. Such devices may
provide sensor applications or be used in home automation. The devices may
instead or in addition be used in a healthcare context, for example for personal

healthcare. They may also be used for surveillance, to enable extended-range
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Internet connectivity (e.g. for use with hotspots), or to implement machine-to-
machine communications.

FIG. 1 shows an example wireless communication system 100 in which aspects
of the present disclosure may be employed. The wireless communication system
100 may operate pursuant to a wireless standard, for example the 802.11 standard.
The wireless communication system 100 may include an AP 104, which
communicates with STAs (e.g., STAs 112, 114, 116, and 118).

A variety of processes and methods may be used for transmissions in the
wireless communication system 100 between the AP 104 and the STAs. For
example, signals may be sent and received between the AP 104 and the STAs in
accordance with OFDM or orthogonal frequency-division multiple access
(OFDMA) techniques. If this is the case. the wireless communication system 100
may be referred to as an OFDM/OFDMA system. Alternatively, signals may be
sent and received between the AP 104 and the STAs in accordance with CDMA
techniques. If this is the case, the wireless communication system 100 may be
referred to as a CDMA system. In an aspect. the wireless communication system
100 may support MIMO transmissions, including single-user MIMO and multi-user
MIMO. The wireless communication system 100 may also support multi-user
OFDMA, etc.

A communication link that facilitates transmission from the AP 104 to one or
more of the STAs may be referred to as a downlink (DL) 108, and a communication
link that facilitates transmission from one or more of the STAs to the AP 104 may
be referred to as an uplink (UL) 110. Alternatively, a downlink 108 may be referred
to as a forward link or a forward channel, and an uplink 110 may be referred to as a
reverse link or a reverse channel. In some aspects. DL communications may include
unicast or multicast traffic indications.

The AP 104 may suppress adjacent channel interference (ACI) in some aspects
so that the AP 104 may receive UL communications on more than one channel
simultancously without causing significant analog-to-digital conversion (ADC)
clipping noise. The AP 104 may improve suppression of ACIL for example. by
having separate finite impulse response (FIR) filters for each channel or having a
longer ADC backoff period with increased bit widths.

The AP 104 may act as a base station and provide wireless communication

coverage in a basic service area (BSA) 102. A BSA (e.g.. the BSA 102) is the
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coverage area of an AP (e.g.. the AP 104). The AP 104 along with the STAs
associated with the AP 104 and that use the AP 104 for communication may be
referred to as a basic service set (BSS). It should be noted that the wireless
communication system 100 may not have a central AP (e.g., AP 104), but rather
may function as a peer-to-peer network between the STAs. Accordingly, the
functions of the AP 104 described herein may alternatively be performed by one or
more of the STAs.

The AP 104 may transmit on one or more channels (e.g.. multiple narrowband
channels, each channel including a frequency bandwidth) a beacon signal (or simply
a "beacon"). via a communication link such as the downlink 108. to other nodes
(STAs) of the wireless communication system 100, which may help the other nodes
(STAs) to synchronize their timing with the AP 104, or which may provide other
information or functionality. Such beacons may be transmitted periodically. In one
aspect. the period between successive transmissions may be referred to as a
superframe. Transmission of a beacon may be divided into a number of groups or
intervals. In one aspect, the beacon may include. but is not limited to, such
information as timestamp information to set a common clock, a peer-to-peer
network identifier, a device identifier, capability information, a superframe duration,
transmission direction information, reception direction information, a neighbor list,
and/or an extended neighbor list, some of which are described in additional detail
below. Thus, a beacon may include information that is both common (e.g., shared)
amongst several devices and specific to a given device.

In some aspects, a STA (e.g.. STA 114) may be required to associate with the
AP 104 in order to send communications to and/or to receive communications from
the AP 104. In one aspect, information for associating is included in a beacon
broadcast by the AP 104. To receive such a beacon, the STA 114 may, for example,
perform a broad coverage search over a coverage region. A search may also be
performed by the STA 114 by sweeping a coverage region in a lighthouse fashion.
for example. After receiving the information for associating, either from the beacon
or probe response frames. the STA 114 may transmit a reference signal. such as an
association probe or request, to the AP 104. In some aspects, the AP 104 may use
backhaul services. for example. to communicate with a larger network. such as the

Internet or a public switched telephone network (PSTN).
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In an aspect, the AP 104 may include one or more components for performing
various functions. For example, the AP 104 may include a TWT component 124 to
perform procedures related to TWT operations/scheduling. In an aspect. TWT
component referred to herein may be a scheduling component. In one example, the
TWT component 124 may be configured to receive, from a second wireless device,
a first message that includes a first trigger field. The first trigger field may indicate
whether the first message includes a request for a trigger message to be sent by the
first wireless device at a start of a TWT service period. The TWT component 124
may be configured to determine a TWT schedule based on the received first
message. The TWT component 124 may be configured to transmit a second
message to the second wireless device. The second message may include the TWT
schedule and a second trigger field based on the determined TWT schedule. The
second trigger field may indicate whether the AP 104 will transmit the trigger
message at the start of the TWT service period (or during the TWT service period).
In an aspect, the AP 104 may transmit one or more trigger messages during the
TWT service period. The trigger message is a frame that may enable the one or
more intended recipients to transmit messages or frames to the transmitter of the
trigger message after a determined period of time after the trigger message is
received (e.g. after a short interfrace space (SIFS)), for example, as an immediate
response to the trigger message in which the frames may be sent in single user (SU)
mode or multi-user (MU) mode. In another example, the TWT component 124 may
be configured to determine a TWT schedule and to broadcast a message that may
include the determined TWT schedule to one or more wireless devices. The
message may include a broadcast indicator that indicates the TWT schedule is a
broadcast TWT schedule. In yet another example, the TWT component 124 may be
configured to receive a message from a second wireless device that indicates an
intention of the second wireless device to switch to an operating mode that is one of
an active mode, a power save mode, or a TWT power save mode. During the TWT
power save mode, the second wireless device may enter an awake state during TWT
service periods and may enter a doze state outside of the TWT service periods. In
this example, the TWT component 124 may be configured to store the operating
mode associated with the second wireless device and to transmit to the second

wireless device an acknowledgment of the operating mode switch.
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In another aspect. the STA 114 may include one or more components for
performing various functions. For example, the STA 114 may include a TWT
component 126 to perform procedures related to TWT operation/scheduling. In one
example, the TWT component 126 may be configured to transmit a first message
that includes a first trigger field to a second wireless device. The first trigger field
may indicate whether the first message includes a request for a trigger message to be
sent by the second wireless device at a start of a TWT service period or during a
TWT service period. The TWT component 126 may be configured to receive a
second message from the second wireless device. The second message may include
a second trigger field based on the first message, and the second trigger field may
indicate whether the second wireless device will transmit the trigger message at the
start of the TWT service period. In another example. the TWT component 126 may
be configured to receive from a second wircless device a message that includes a
TWT schedule. The message may include a broadcast indicator that indicates the
TWT schedule is a broadcast TWT schedule. The TWT component 126 may be
configured to determine one or more TWTs for the first wireless device based on the
TWT schedule. In another example, the TWT component 126 may be configured to
determine whether to switch to an active mode., a power save mode, or a TWT
power save mode. During the TWT power save mode, the STA 114 may enter an
awake state during TWT service periods and may enter a doze state outside of the
TWT service periods. In this example, the TWT component 126 may be configured
to transmit a message to a second wireless device based on the determination.

In Wi-Fi networks, an AP often serves multiple STAs within a BSS as illustrated
in FIG. 1. When STAs (e.g., STAs 112, 114, 116, 118) have data to transmit or
receive, STAs exchange UL/DL frames with the AP (e.g., in a multi-user context).
The UL/DL frames refer to UL only. DL only. or both. To perform data
transmission or reception, STAs may need to receive a trigger frame from the AP to
enable the UL/DL exchange. A trigger frame may contain a set of resource
allocations for the UL/DL exchange. To receive the trigger frame, a STA may need
to be in an awake mode/state for unknown periods of time to wait for a trigger
frame. Potentially long and frequent periods spent waiting for a trigger frame
increases power consumption of the STA. As such. a need exists to reduce power
consumption by lowering the airtime needed for UL/DL frame exchanges. One

solution is to implement a target wake time (TWT) scheduling protocol in which
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devices (e.g., STAs or APs) may be scheduled to sleep and wake up at specific times
to perform UL/DL exchanges and trigger frames may be scheduled for transmission
at predetermined or negotiated times. When a STA or an AP is not scheduled to be
awake to receive trigger frames. for example, the STA or the AP can be in sleep
mode (or power save mode) to conserve power. The TWT scheduling protocol is
beneficial to any scheduling mechanism that may be negotiated between devices or
dictated by one device to schedule intervals of time during which to exchange
information between two or more devices. While the above description is related to
power consumption aspects, other benefits of scheduling are obvious to one skilled
in the art, such as contention reduction. hidden node mitigation, interference
management, etc.

To facilitate improved power management protocols and techniques for Wi-Fi
networks, three main topics are provided below. The first topic relates to a solicit
TWT protocol that enables a first wireless device to negotiate with a second wireless
device to determine an individual TWT schedule that will indicate when the first
wireless device will wake up to communicate with the second wireless device. The
second topic relates to a broadcast TWT protocol in which a first wireless device,
such as for example an AP. may determine a TWT schedule for one or more
wireless devices (e.g.. multiple STAs). The TWT schedule in a broadcast TWT
protocol may not be negotiated. Instead, other wireless devices that want to
communicate with the first wireless device will wake up according to the times
provided in the broadcasted TWT schedule. The other wireless devices may also
communicate with the first wireless device according to the parameters provided by
the first wireless device. Both the solicit TWT and broadcast TWT protocols may
use implicit or periodic TWT schedules (in which a first TWT may be explicitly
indicated in a message and additional TWTs may be implied from the first TWT and
other parameters contained in the message) and explicit or aperiodic TWT schedules
(in which all TWTs associated with the TWT schedule may be explicitly indicated
in the message, and a message for any subsequent TWTs may be delivered during a
TWT service period that precedes the subsequent TWT). Finally. the third topic
relates to devices switching between different modes of operation (e.g.. active mode,
a passive or power save mode, and/or a TWT power save mode) to save power. In

particular, as further described below, the TWT power save mode is a mode of
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operation designed to reduce power consumption for wireless devices operating in
accordance with a TWT agreement or schedule.

In an aspect, to enable wireless devices to negotiate and/or transmit TWT
schedules, a signaling mechanism that identifies the different parameters associated
with TWT scheduling is needed. FIG. 2 provides one exemplary diagram of a TWT
element for TWT scheduling. In the exemplary diagram, one or more of the fields
shown in the figure may be optionally present, depending on the parameters being
delivered. As an example, in TWT setup the TWT element may not contain the
TWT group assignment field, the NDP paging field and/or the OFDMA channel
bitmaps field. Other fields may also not be present in the exchanged TWT element.
Other variations of the TWT element inline with the teachings herein are also
provided in subsequent figures.

FIG. 2 is an exemplary diagram of a TWT element 200 for supporting target
wake time and trigger frame scheduling. To enable a TWT scheduling, an AP and a
STA, for example, may negotiate a target wake time using a TWT eclement that
provides the neccessary signaling between devices to schedule one or more target
wake times and their corresponding parameters. The TWT element may be
transmitted in an individualy addressed management frame that can be of type
action, action no ack. (re)association request/response, probe request response, etc.,
when the TWTs are negotiated between the first wireless device and the second
wireless device, e.g., during a TWT setup phase. In another embodiment, for a
broadcast TWT, the TWT element may be transmitted in a broadcast management
frame that can be of type Beacon, or TIM Broadcast frame, etc. In this embodiment
the TWT element provides non-negotiated schedules (e.g., broadcast TWT
schedules) as described further below.

In an aspect, the STA requesting the TWT schedule may be referred to as the
TWT requester, and the AP responding to the request may be known as the TWT
responder. In this embodiment, the TWT schedule and parameters are provided
during the TWT setup phase and renegotiation/changes of TWT schedules are
signaled via individually addressed frames that contain the updated TWT
parameters. These frames can be management frames as described above, control
frames or data frames that carry a field containing the updated TWT schedule and its
related parameters. In another aspect, two STAs may negotiate a TWT schedule and

one STA may be the TWT requester and the other STA may be the TWT responder.
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Referring to FIG. 2, in the TWT element 200, an element ID (e.g.. 1 octet in
length) may indicate that an information element is a TWT element. A length field
(e.g., | octet) may indicate the length of the TWT element 200 starting from the
control field until the end of the TWT element (e.g.. the end of the OFDMA channel
bitmaps field). The TWT element 200 may include a target wake time field (e.g.. 8
octets or less), a TWT group assignment field (e.g.. 9. 3. 2. or 0 octets), a nominal
minimal wake duration field (e.g., 1 octet). a TWT wake interval mantissa (e.g., 2
octets), a TWT channel field (e.g.. 1 octet). an NDP paging field (e.g.. 0 or 4 octets)
and/or an OFDMA channel bitmaps field (e.g.. 0, 1. 2 to 8 Octets). In certain
embodiments, the length field may indicate a length of a TWT element that carries
multiple groups or instances of these fields (e.g., multiple groups of the fields from
at least one of the Control, Request Type, . . ., up to the OFDMA channel bitmaps
field as shown in the TWT element 200). In such embodiments, the TWT element
200 may contain TWT parameters for one or more TWT negotiations or indications
as described herein. Each of the TWT negotiations contained in the TWT element
may be identified by a unique TWT flow identifier. In certain embodiments, the one
or more groups of fields may be related to non-negotiated TWTs (e.g., broadcast
TWTs) as described further below.

Referring to FIG. 2. a request type field (e.g.. 2 octets) may indicate a type of
TWT request. The request type field may include multiple fields (or subfields). The
fields may include a TWT request field (e.g., 1 bit), a TWT setup command field
(e.g.. 3 bits), a trigger field (e.g., 1 bit), an implicit field (e.g., 1 bit), a flow type
(e.g., 1 bit), a TWT flow identifier (e.g.., 3 bits), a wake interval exponent (e.g.. 5
bits). and/or a TW'T protection field (e.g., 1 bit).

The TWT request field may indicate whether the TWT element 200 represents a
request. If TWT request field has a value of 1, then the TWT element 200 may
represent a request to initiate TWT scheduling/setup. Otherwise, if the TWT request
field has a value of 0. then the TWT element 200 may represent a response to a
request to initiate TWT scheduling/setup (solicit TWT), an unsolicited TWT (which
is a response to initiate a TWT scheduling which is conceptually similar to the
solicited TWT with the exception that the TWT requester STA did not send a TWT
request to solicit this TWT response), and/or a non-negotiable TWT scheduling

message (or a broadcast TWT message). In the case of the non-negotiable TWT
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(broadcast TWT), one or more of the above mentioned fields (including the TWT
request field) may not be present in the TWT element as discussed further below).

The TWT setup command field may indicate the type of TWT command. In a
TWT request. the types of TWT commands may indicate the following: request
TWT (the TWT field contains zeros because the TWT responder specifies the TWT
value; e.g., field set to 0), suggest TWT (the TWT requester suggests a TWT value;
e.g., field set to 1), and demand TWT (the TWT requester demands a TWT value;
e.g., field set to 2). In a TWT response, the types of TWT commands may include
TWT grouping (the TWT responder suggests TWT group parameters that are
different from the suggested or demanded TWT parameters of the TWT requester:
e.g., field set to 3), accept TWT (the TWT responder accepts the TWT request with
the TWT parameters indicated; e.g. field set to 4), alternate TWT (the TWT
responder suggests TWT parameters that are different from the parameters
suggested or demanded by the TWT requester: e.g.. field set to 5), dictate TWT (the
TWT responder demands TWT parameters that are different from the parameters
suggested or demanded by the TWT requester; e.g.. field set to 6), or reject TWT
(the TWT responder rejects the TWT setup; e.g. field set to 7).

In a TWT response, the TWT command may indicate an unsolicited response
(e.g.. the TWT responder may demand the recipient to follow the TWT schedule
contained in the element). a broadcast TWT (the TWT responder is scheduling the
TWT for any STA that is reading the element), etc. In particular, for an unsolicited
response, the TWT element 200 may include a value of dictate TWT in the TWT
command field and the TWT request field may be set to 0. The unsolicited TWT is
an individually addressed frame that is intended for a specific STA (whereas a
broadcast TWT may be for multiple STAs and may be carried in a broadcast frame
such as, for example. a beacon. Further, the unsolicited TWT may typically involve
a frame exchange in which the STA receiving the unsolicited TWT may respond
with an ACK. whereas broadcast TWTs may not be acknowledged.

In an aspect, a TWT responder, who receives a TWT request from a TWT
requester and whose value of the TWT wake interval is equal to the TWT
requester's listen interval. may respond to the TWT request with either an accept
TWT or a reject TWT in the TWT command field. In the case of an accept TWT.
the accept TWT may include the value of the allocated first target beacon transmit

time in the TWT wake time field and the value of the listen interval between
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consecutive target beacon transmit times (TBTTs) in the TWT wake interval
mantissa and the TWT wake interval exponent fields. In this aspect the TWT
request/TWT response mechanism may be used by the requesting STA to identify
which of the broadcast frames that contain the broadcast TWT schedule (e.g..
beacon frames) it will wake to receive. In certain embodiments, a value of the TWT
flow identifier may be reserved for this purpose (negotiation of TBTTs) to
differentiate it from a TWT setup that negotiates TWT schedules). As an example,
either the value O or 7 of the TWT flow identifier may be used for this purpose
(negotiation of TBTTs). In this aspect. either of these values shall not be used for
the purpose of negotiating TWT schedules.

If sent in a TWT request, the trigger field may indicate whether a request for a
target wake time includes a request for a trigger frame to be sent by the TWT
responder at the start or during the TWT service periods that correspond to the
requested TWT schedule. In an aspect. the trigger frame may be transmitted up to
the duration of the TWT service period that corresponds to the scheduled TWT and
one or more trigger frames may be scheduled by the TWT responder. If sent in a
TWT response, the trigger field may indicate whether a response to a request for a
target wake time indicates whether one or more trigger frames will be sent at a
scheduled TWT. The one or more trigger frames may be sent within the boundaries
of the TWT service period duration that correspond to the requested TWT schedule.
For example, in a TWT request, if the trigger field has a value of 0, then the TWT
request may not request a trigger frame, but if the trigger field has a value of 1, then
the TWT request may request a trigger frame. In a TWT response, if the trigger
field has a value of 0, then no trigger frame will be sent. but if the trigger field has a
value of 1, then at least one trigger frame may be transmitted at or during a
scheduled TWT service period. In certain embodiments, the trigger field may be
included in any of the fields in the TWT element or in any other fields of other
elements used for providing scheduling information.

The implicit field may indicate whether the next TWT is implicitly calculated or
explicitly signaled. For example, if the implicit field has a value of 1. then the next
TWT is implicitly calculated by the TWT requester (and TWT responder) during a
TWT service period of a scheduled TWT (in certain embodiments as identified by
the TWT flow identifier). For example, the subsequent or next TWT may be

determined based on the value of the TWT (e.g.. as indicated in the TWT element

16

549



WO 2016/123403 PCT/US2016/015465

[0062]

[0063]

200) of the current TWT service period plus a multiple of the TWT wake interval
(e.g., TWTperiod = TWT wake interval mantissa * 2"*ae mierval exponent quch that next
TWT = current TWT + TWT period). This allows periodic scheduling of the TWTs,
which is simple and flexible for normal operations. In an aspect, a wireless device
that has an implicit TW'T schedule (or agreement) with another wireless device may
not generate a block acknowledgment TWT frame (BAT) frame, a TWT
acknowledgment (TACK) frame, or a short TWT acknowledgment (STACK) frame
for subsequent TWT start times associated with the same TWT schedule. If the
implicit field has a value of 0, then the next TWT may be explicitly signaled by the
TWT responder during a TWT service period. The TWT responder may transmit a
BAT or TACK or STACK frame, each of which is a control response frame that
may contain next TWT information.

In certain embodiments, the TWT responder may transmit a TWT information
frame (e.g.. an action frame or action no ack frame) that contains similar TWT
information. The frames may include a partial time stamp (containing a partial
value of the TSF timer of the TWT responder) and a next TWT that indicates when
the next TWT is scheduled (e.g., the next TWT is scheduled in 2 or 5 seconds from
the start of the TWT of the current TWT service period).

In another configuration, within an implicit TWT agreement, either the TWT
responder or TWT requester may transmit a TWT information frame for
rescheduling the next TWT. The TWT information frame may include a response
requested subfield set to 0 and the next TWT request subfield set to 0. In an aspect,
the TWT information frame may indicate a nonzero next TWT in the next TWT
subfield when the TWT information frame is transmitted by the TWT responder. In
another aspect, the TWT information frame may include indicate a suspension of the
TWT agreement (or all TWT agreements) when the next TWT subfield is not
present and the TWT information frame is transmitted by the TWT requester. In
another aspect. the TWT information frame may indicate a resumption of the
previously suspended TWT agreement (or all TWT agreements) when the next TWT
subfield is present and the TWT information frame is transmitted by the TWT
requester. In this aspect, the next TWT subfield may include the next TWT,
selected from the previously negotiated implicit TWT, at which the implicit TWT
agreement is resumed. In another embodiment, an indication in any frame

transmitted by the TWT requester to the TWT responder may provide such
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indication. As an example, a subfield in the MAC header (e.g., within the high
efficiency (HE) variant of the high throughput (HT) Control field) of a frame
transmitted to the TWT responder may indicate a suspension of the TWT
agreement(s) if set to 1 and may indicate a resumption of the TWT agreement(s) if
set to 0, or vice versa.

The TWT flow type may indicate the type of interaction between the TWT
requester and the TWT responder at the TWT. In an aspect, the TWT requester may
set the TWT flow type. For example, a value of O in the TWT flow type may
indicate an announced TWT in which the TWT requester announces itself at the
start of a TWT SP by transmitting a power save poll (PS-Poll) frame or an automatic
power save delivery (APSD) trigger frame to signal the awake state of the TWT
requester to the TWT responder before a frame is sent from the TWT responder to
the TWT requester. In an aspect, the TWT responder may not send frames to a
TWT requester without knowing the power state of the TWT requester in order to
avoid transmitting to the TWT requester when the TWT requester is in a doze state.
In another example, a value of 1 in the flow type may indicate an unannounced
TWT. In an unannounced TWT, the TWT requester may not need to announce
itself. The TWT responder may assume that the TWT requester is awake. The
TWT responder may transmit one or more DL frames to the TWT requester at the
TWT without waiting to receive a PS-poll or an APSD trigger frame from the TWT
l'qult‘.StC["

In another aspect, a TWT responder may set the TWT flow type to 0 to indicate
that the TWT responder may transmit a frame to the TWT requester at a TWT
without waiting to receive a PS-Poll or APSD trigger frame from the TWT
requester. In another aspect, the TWT responder may set the TWT flow type to 1to
indicate that the TWT responder may not transmit a frame to the TWT requester
within the TWT service period until the TWT responder has received a PS-Poll or
APSD trigger frame from the TWT requester.

The TWT flow identifier may contain a 3-bit value. In one aspect, for solicit
TWTs or unsolicited TWTs (e.g.. TWT elements contained in individually
addressed frames), the TWT flow identifier may identify specific information for a
TWT request uniquely from other requests made between the same TWT requester
and the TWT responder pair. In certain aspects, as described above, a value of the

TWT flow identifier may be reserved for the purpose of negotiation the TBTTs for
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broadcast TWT operation, e.g., a value 0 or value 7). In another aspect, such as for
a TWT element that carries information for one or more TWT parameter sets. each
of which includes information related to one or more TWT SPs that are broadcast
TWT SPs (e.g.. a broadcast TWT element that is carried in a broadcast frame (or in
general group addressed frame)), the TWT flow identifier may indicate the types of
flows that may be allowed in response to a scheduled trigger frame during the TWT
service periods when the trigger field of the TWT element is set to 1 and the type of
flows that may be allowed during the TWT SPs when the trigger field of the element
is set to 0. In one example, when the TWT flow identifier is 0. wildcard or random
OFDMA allocation access from unassociated STAs may be allowed. In another
example, when the TWT flow identifier is 1. wildcard or random OFDMA
allocation access from associated STAs may be allowed. In another example, when
the TWT flow identifier is 2, scheduled access for associated STAs in power save
mode may be allowed. In another example, when the TWT flow identifier is 3,
voice traffic may be allowed. In yet another example, when the TWT flow identifier
is 4, video traffic may be allowed, etc. In another example, a value of the TWT flow
identifier may indicate that (T)DLS (direct link setup or tunneled direct link setup)
traffic is allowed (e.g.. frames exchanged between STAs (e.g.. neither of which is
the STA that sent the trigger frame when the trigger field of the TWT clement is 1).
In certain aspects, the above described functionalities of the TWT flow identifier
may be incorporated in a different subfield within the TWT element. In other
embodiments, such as when the TWT service period that is not a broadcast TWT
service period, the TWT flow identifier subfield may contain a value that identifies
the specific information associated with the TWT request uniquely from other
requests made between the same TWT requester and TWT responder pair.

The TWT protection field may indicate whether a TWT is protected or
unprotected. A TWT requester may set the TWT protection field to 1 to request the
TWT responder to provide protection for the set of TWT service periods
corresponding to the requested TWT ID by allocating one or more restricted access
windows (RAWSs) that restrict access to the medium during the TWT service periods
corresponding to the TWTs. In certain embodiments, a TWT protection field equal
to 1 indicates a request or response to commit (e.g., shall) using network allocation
vector (NAV) protection mechanisms to protect the access to the medium during the

corresponding TWT service periods. A TWT requester sets the TWT protection
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field to O if the TWT protection by RAW allocation is not requested for the
corresponding TWTs. For an unprotected TWT, the TWT responder may protect
the TWT service periods using a NAV protection mechanisms (or other similar
mechanisms). That is, each STA may include a NAV and may increase the NAV
and delay transmitting while other STAs are transmitting.

In certain aspects, the TWT responder that has set the TWT protection field to 1
may send a NAV setting frame approximately at the start of the TWT service
periods that correspond to the particular scheduled TWT. For example, the NAV
setting frame can be a CTS message. In these aspects, any STA that receives the
frame and is not scheduled to access the medium during the TWT service period that
is covered by the NAV duration of the NAV setting frame shall set their NAV and
not access the medium for the specified amount of time. On the other hand, any
STA that receives the frame and is scheduled to access the medium during the TWT
service period should ignore the NAV settings dictated by the CTS to self frame (in
certain embodiments STAs can reset their NAV counters even though the counters
were set by other received frames).

In an aspect, the NAV or the NAV setting frame may be ignored by STAs that
are accessing the medium during the TWT service period (e.g.. for certain frames
only such as multi-user or single user, short packet size, etc.)

In a TWT request, the TWT wake interval may be the average time that the
TWT requester expects to elapse between successive TWT service periods. In a
TWT response, the TWT wake interval may be the average time that the TWT
responder expects to elapse between successive TWT service periods. When
transmitted by a TWT requester, the TWT field may contain a positive integer
which corresponds to a time at which the TWT requester requests to wake, or a
value of zero when the TWT setup command field contains the value corresponding
to the command "Request TWT." When transmitted by a TWT responder, the TWT
field may contain a value that corresponds to a time at which the TWT responder
requests the TWT requester to wake. The TWT group assignment field may provide
information to a TWT requester about the TWT group to which the TWT requester
is assigned. The nominal minimum wake duration field may indicate the minimum
amount of time that the TWT requester expects that the TWT requester needs to be
awake in order to complete the frame exchange associated with the TWT flow

identifier for the period of the TWT wake interval, where the TWT wake interval is
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the average that the TWT requester expects to elapse between successive TWT
service periods. The TWT wake interval mantissa may be set to the value of the
mantissa of the TWT wake interval value in microseconds, base 2.

When transmitted by a TWT requester, the TWT channel field may contain a
bitmap (or other information) indicating which channel or channels the TWT
requester wants to use as temporary primary channels or as channels to be used for
DL and/or UL MU transmissions (MU OFDMA or MIMO) during the TWT service
period that corresponds to the scheduled TWT. When transmitted by a TWT
responder, the TWT channel field may contain a bitmap (or other information)
indicating which channels the TWT requester is allowed to use as temporary
channel or channels or as channels to be used for DL and/or UL MU transmissions
(MU OFDMA or MIMO) during the TWT service period. In certain embodiments,
the channel width of each of the channels identified by the bits in the TWT channel
bitmap may be 20 MHz. As such. in one configuration, the TWT channel field may
indicate the channel and the channel width that the TWT requester or the TWT
responder expects to be used for exchanging frames during a TWT service period.
A single user physical layer convergence procedure (PLCP) protocol data unit
(PPDU) exchanged between devices during a TWT service period may not exceed
the negotiated channel width. A PLCP service data unit (PSDU) contained in MU
PPDUs, for example, may be transmitted within the negotiated channel(s) and may
not exceed the width of the negotiated channel. For example, if the negotiated
channel has an upper bit equal to 1, then MU PSDUs exchanged during the TWT
service period may be located in the upper 20 MHz of a 160 MHz channel. This
configuration enables STAs to dynamically negotiate operating primary
channel/width and also indicate which MU resource is preferred. If STAs prefer not
to use this signaling, then the STAs may set the TWT channel field to the BSS
primary channel and set the channel width to the width of the BSS primary channel.
In another configuration. the TWT channel field may be set to 0 and indicate
nothing.

In another aspect, the TWT element 200 may additionally include an OFDMA
channel bitmaps field. In certain embodiments this field may provide a bitmap of
subchannels for the channels indicated in the TWT channel field. The OFDMA
channel bitmaps field may contain a bitmap of subchannels. In one aspect, the

OFDMA channel bitmaps field may contain one or more bitmaps (one for each of
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the bits set to 1 in the TWT channel field) each of which may be associated with one
channel indicated in the TWT channel bitmap. Each bitmap may contain 8 bits each
of which may identify one subchannel (e.g.. an OFDMA channel) of channel width
2.5 MHz, or less) of the 20 MHz channel of the corresponding bit in the TWT
channel bitmap. The number of OFDMA channel bitmaps may be equal to the
number of non-zero bits in the TWT channel field preceding the OFDMA channel
bitmaps field. The n-th OFDMA channel bitmap field may be a mapping of the
subchannels of the n-rh channel located at the n-th position in the TWT channel
bitmap. Note that for exemplary purposes, some values of channel widths and field
sizes are described, any value can be used for covering different bandwidths,
channels, and subchannel units. As such, greater flexibility may be added by
defining OFDMA channel bitmaps for each of the TWT channels indicated in the
TWT channel field. An OFDMA channel bitmap enables a TWT requester to
indicate a preference for which channel to be allocated during the UL/DL multi-user
operation in the TWT channel and eventually in the OFDMA channel bitmaps. The
TWT responder can agree with the TWT requester's suggestion or suggest other
channels or a subset of the indicated channels in a TWT response.

As discussed above, the TWT element 200 may be transmitted in different types
of frames. The frames may be individually addressed or group addressed frames. In
one aspect, the TWT element 200 may be transmitted in an action frame (e.g., either
an action ACK or action no ack frame) or other frame types such as an association
request/response and/or probe request/response frames. In other aspects, the TWT
element 200 may be transmitted in a beacon frame or in another management frame.
In an aspect, the aforementioned parameters or fields in the TWT element 200,
including the TWT, the TWT Wake Interval Mantissa, and the TWT channel
parameters, may be negotiated between devices during TWT setup. which may be
performed using individually addressed frames exchanged between the TWT
requester and TWT responder. In another aspect, the bit lengths of each
field/subfield described above are provided for exemplary purposes and are not
intended to limit the scope of the TWT element 200.

Solicited TWT Scheduling

FIG. 3 includes an exemplary diagram 300 of a wireless network implementing
solicit TWT scheduling and an exemplary timing flow diagram 350 for TWT
operation. The diagram illustrates an AP 302 broadcasting or transmitting within a

22

555



WO 2016/123403 PCT/US2016/015465

[0076]

BSS 304. STAs 306. 308, 310 are within the BSS 304 and are served by the AP
302. The STAs 306. 308, 310 and the AP 302 may perform TWT scheduling.

In one configuration, the STA 306 and the AP 302 may negotiate the TWT
scheduling. In this configuration, the STA 306 may act as the TWT requester and
initiate TWT setup with the AP 302 (although STA 306 and the AP 302 may also
reverse roles). During TWT setup. the STA 306 may transmit a first message 312
(e.g., an action frame, association frame, or another frame) to the AP 302, which
may act as the TWT responder. The first message 312 may include a TWT element
(e.g., the TWT element 200 illustrated in FIG. 2). The first message 312 may
include a first element ID identifying the TWT element 200. The first message 312
may include a first TWT request field having a value of 1 to indicate that the TWT
element is a TWT request. The first message 312 may include a first trigger field
with a value of 0 if the STA 306 does not request a trigger frame to be sent by the
AP 302 at the start of or during a TWT service period. In another aspect, the first
message may include a first trigger field with a value of 1if the STA 306 includes a
request for a trigger message to be sent by the AP 302 at the start of or during the
one or more TWT service periods that correspond to the requested TWT schedule.
In another aspect. the STA 306 may set a first TWT setup command to "Request
TWT" to enable to AP 302 to set a TWT for the STA 306. In another aspect. the
STA 306 may set the first TWT setup command to "Suggest TWT" to indicate a
suggested/requested TWT to the AP 302. In addition, the STA 306 may set the
other parameters of the TWT request to indicate other parameters for the request.
For example, the STA 306 may set the implicit field to 1 to indicate a request for an
implicit TWT schedule (e.g.. periodic) or to 0 to indicate an explicit TWT. In an
aspect, the STA 306 may set the implicit field to 1 and the NDP paging indicator
subfield of the element to 0. The STA 306 may set the flow type to indicate
announced TWT (e.g., the TWT requester intends to be the first to send a frame
(e.g.. PS-Poll or APSD trigger frame) following the trigger frame) or unannounced
TWT (e.g., the TWT responder is to assume the STA be in awake state and to send
other frames to the STA in DL). The STA 306 may also indicate a preferred
channel and/or preferred subchannels in the TWT channel field for use during the
scheduled TWT . In an aspect, the STA 306 may further indicate preferred OFDMA

subchannels in an OFDMA subchannel bitmap field within the first message 312.
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After receiving the first message 312 from the STA 306, the AP 302 may
determine whether to schedule one or more target wake times based on the first
message 312. The AP 302 may determine whether to schedule TWTs for the STA
306 based on the number of STAs and/or the amount of data traffic within the BSA
304. For example, if the AP 302 detects a large number of STAs (e.g., 4) in the BSS
304, the AP 302 may improve channel contention by spreading out the wake up
times of STAs if the STAs are operating in single user (SU) mode or concentrate the
STAs wake up times if they are operating in multi-user (MU) mode. By contrast, if
the AP 302 detects a small number of STAs (e.g., 1 or 2), the AP 302 may schedule
the target wake times closely so that resources are not wasted and data rates may be
high. However, the AP 302 may want to improve power save of the STAs in which
case the AP 302 may account for the STAs' suggestions of the TWT allocations etc.
Similarly. if the AP 302 determines that the medium is busy, the AP 302 may spread
out the wake up times of the STAs to reduce traffic. If the medium is not busy, the
AP 302 may schedule the target wake times closely. In an aspect, if the AP 302
determines that the medium is not busy and the first message 312 includes a
suggested TWT. the AP 302 may determine to accept the TWT requested in the first
message 312, In another aspect. if the medium is busy. the AP 302 may determine
to provide a scheduled TWT that is different from the suggested/requested TWT of
the STA 306. In yet another aspect. the AP 302 may determine not to schedule a
TWT for the STA 306. In addition the AP 302 may allocate multiple STAs with
similar requests in terms of traffic schedule, patiern, quality of service (QoS)
requirements., power save requirements, feedback in the same TWT schedule so that
the AP 302 can exchange traffic with the STAs using MU transmissions that are
triggered by trigger frames.

After receiving the first message 312, the AP 302 may determine whether to
send one or more trigger frames to the STA 306 based on the value of the first
trigger field included in the first message 312. If the value of the first trigger field in
the first message 312 is 0, then the AP 302 may determine not to send a trigger
frame at the start of or during the TWT service period. If the value of the first
trigger field in the first message 312 is 1. then the AP may determine to send one or
more trigger frames at the start of or during the one or more TWT service periods
based on the medium status (e.g., amount of traffic), the number of STAs in the

BSA 304, and/or any other TWT requests from other STAs. The AP 302 may
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transmit a second message 314 to the STA 306. The second message 314 may be a
TWT response to the TWT request (e.g., the first message 312) transmitted by the
STA 306 (solicit TWT setup). In another embodiment, the second message 314
may be a TWT response that may be sent without receiving any TWT requests by
the STA 306 (unsolicited TWT setup). The second message 314 may include a
second trigger field based on the first message 312. The second trigger field may
indicate whether the AP 302 will transmit one or more trigger frames at a scheduled
TWT of the TWT service period. For example, if the first wigger field in the first
message 312 has a value of 0, then the second trigger field in the second message
314 may have a value of 0 . But if the first trigger field in the first message 312 had
a value of I, then the second trigger field in the second message 314 may have a
value of 1if the AP 302 determines to transmit one or more trigger frames at one or
more scheduled TWTs of one or more TWT service periods. The scheduled TWT
may be the same as a requested TWT in the first message 312. The scheduled TWT
may also be a different TWT determined by the AP 302. In another aspect, the
scheduled TWT may be a suggested TWT by the AP 302 such that the STA 306
may suggest a different TWT later (e.g., the STA 306 may rencgotiate by
transmitting another TWT request). Assuming the AP 302 schedules one or more
trigger frames during one or more TWT service periods (e.g., TWT service periods
1. 2), the STA 306 may be able to send data to or receive data from the AP 302 upon
receiving the one or more trigger frames. Upon receiving the second message 314,
the STA 306 may determine whether the second trigger field has a value of 0 or 1.
If the second trigger field has a value of 1, the STA 306 may wait for one or more
trigger frames to be sent at a scheduled TWT and begin an UL/DL exchange upon
receiving the trigger frame. Alternatively, even if the trigger field has a value of 1,
the negotiation process may continue. and the STA 306 may negotiate for a different
scheduled TWT by transmitting another message to the AP 302 requesting a
different TWT (e.g.. via unicast frames). Aside from negotiating the TWT, other
parameters of TWT operation may also be negotiated (e.g., the TWT wake interval,
the TWT channel, etc.). If the second trigger field has a value of 0, the STA 306
may wake up at the scheduled TWT indicated in the second message 314 but not
know what to expect from the AP 302 during the TWT service period. For example,
when the second trigger field has a value of 0. the AP 302 may or may not send a

trigger frame at the start of the TWT service period (e.g.. TWT service period 1).
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