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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices and 
disclaimers, or a reference to this page, appear in all standards and may be found under the heading “Important Notices 
and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on request from IEEE or viewed at 
http://standards.ieee.org/IPR/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are developed 
within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Association (“IEEE-SA”) 
Standards Board. IEEE (“the Institute”) develops its standards through a consensus development process, approved by 
the American National Standards Institute (“ANSI”), which brings together volunteers representing varied viewpoints 
and interests to achieve the final product. IEEE Standards are documents developed through scientific, academic, and 
industry-based technical working groups. Volunteers in IEEE working groups are not necessarily members of the 
Institute and participate without compensation from IEEE. While IEEE administers the process and establishes rules to 
promote fairness in the consensus development process, IEEE does not independently evaluate, test, or verify the 
accuracy of any of the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against 
interference with or from other devices or networks. Implementers and users of IEEE Standards documents are 
responsible for determining and complying with all appropriate safety, security, environmental, health, and interference 
protection practices and all applicable laws and regulations. 

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and expressly 
disclaims all warranties (express, implied and statutory) not included in this or any other document relating to the 
standard, including, but not limited to, the warranties of: merchantability; fitness for a particular purpose; non-
infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In addition, IEEE disclaims 
any and all conditions relating to: results; and workmanlike effort. IEEE standards documents are supplied “AS IS” and 
“WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there are no other 
ways to produce, test, measure, purchase, market, or provide other goods and services related to the scope of the IEEE 
standard. Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject to change 
brought about through developments in the state of the art and comments received from users of the standard. 

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other services for, 
or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any other person or entity to 
another. Any person utilizing any IEEE Standards document, should rely upon his or her own independent judgment in 
the exercise of reasonable care in any given circumstances or, as appropriate, seek the advice of a competent 
professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: PROCUREMENT OF 
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) 
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT 
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE 
PUBLICATION, USE OF, OR RELIANCE UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY 
OF SUCH DAMAGE AND REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations 

The IEEE consensus development process involves the review of documents in English only. In the event that an IEEE 
standard is translated, only the English version published by IEEE should be considered the approved IEEE standard.
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Official statements 

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual 
shall not be considered or inferred to be the official position of IEEE or any of its committees and shall not be considered 
to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or educational courses, an 
individual presenting information on IEEE standards shall make it clear that his or her views should be considered the 
personal views of that individual rather than the formal position of IEEE. 

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of membership 
affiliation with IEEE. However, IEEE does not provide consulting information or advice pertaining to IEEE Standards 
documents. Suggestions for changes in documents should be in the form of a proposed change of text, together with 
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is important that 
any responses to comments and questions also receive the concurrence of a balance of interests. For this reason, IEEE 
and the members of its societies and Standards Coordinating Committees are not able to provide an instant response to 
comments or questions except in those cases where the matter has previously been addressed. For the same reason, IEEE 
does not respond to interpretation requests. Any person who would like to participate in revisions to an IEEE standard is 
welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board 
445 Hoes Lane 
Piscataway, NJ 08854 USA

Laws and regulations 

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the provisions 
of any IEEE Standards document does not imply compliance to any applicable regulatory requirements. Implementers of 
the standard are responsible for observing or referring to the applicable regulatory requirements. IEEE does not, by the 
publication of its standards, intend to urge action that is not in compliance with applicable laws, and these documents 
may not be construed as doing so.

Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. They are made 
available by IEEE and are adopted for a wide variety of both public and private uses. These include both use, by 
reference, in laws and regulations, and use in private self-regulation, standardization, and the promotion of engineering 
practices and methods. By making these documents available for use and adoption by public authorities and private 
users, IEEE does not waive any rights in copyright to the documents.

Photocopies 

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy portions 
of any individual standard for company or organizational internal use or individual, non-commercial use only. To 
arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer Service, 222 Rosewood 
Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for 
educational classroom use can also be obtained through the Copyright Clearance Center.
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Updating of IEEE Standards documents 

Users of IEEE Standards documents should be aware that these documents may be superseded at any time by the 
issuance of new editions or may be amended from time to time through the issuance of amendments, corrigenda, or 
errata. An official IEEE document at any point in time consists of the current edition of the document together with any 
amendments, corrigenda, or errata then in effect. 

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years old and has 
not undergone a revision process, it is reasonable to conclude that its contents, although still of some value, do not 
wholly reflect the present state of the art. Users are cautioned to check to determine that they have the latest edition of 
any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through the 
issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at http://ieeexplore.ieee.org or contact IEEE 
at the address listed previously. For more information about the IEEE SA or IEEE’s standards development process, 
visit the IEEE-SA Website at http://standards.ieee.org.

Errata 

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter covered by 
patent rights. By publication of this standard, no position is taken by the IEEE with respect to the existence or validity of 
any patent rights in connection therewith. If a patent holder or patent applicant has filed a statement of assurance via an 
Accepted Letter of Assurance, then the statement is listed on the IEEE-SA Website at http://standards.ieee.org/about/
sasb/patcom/patents.html. Letters of Assurance may indicate whether the Submitter is willing or unwilling to grant 
licenses under patent rights without compensation or under reasonable rates, with reasonable terms and conditions that 
are demonstrably free of any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not responsible for 
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity 
or scope of Patents Claims, or determining whether any licensing terms or conditions provided in connection with 
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory. Users 
of this standard are expressly advised that determination of the validity of any patent rights, and the risk of infringement 
of such rights, is entirely their own responsibility. Further information may be obtained from the IEEE Standards 
Association.
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Introduction

This amendment defines modifications to both the IEEE 802.11™ physical layer (PHY) and the medium 
access control (MAC) sublayer to enable operation of license-exempt IEEE 802.11 wireless networks in 
frequency bands below 1 GHz, excluding the television (TV) White Space bands, with a transmission range 
up to 1 km and a minimum data rate of at least 100 Kb/s.

This introduction is not part of IEEE Std 802.11ah-2016, IEEE Standard for Information technology—
Telecommunications and information exchange between systems—Local and metropolitan area network—
Specific requirements—Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) 
Specifications—Amendment 2: Sub 1 GHz License-Exempt Operation.
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3. Definitions, acronyms, and abbreviations

3.2 Definitions specific to IEEE 802.11

Change the following definition in 3.2 as shown:

very high throughput (VHT) single medium access control (MAC) protocol data unit (VHT single 
S-MPDU): An MPDU that is the only MPDU in an aggregate MPDU (A-MPDU) carried in a VHT physical 
layer (PHY) protocol data unit (PPDU) and that is carried in an A-MPDU subframe with the EOF subfield of 
the MPDU delimiter field equal to 1.

Insert the following definitions into 3.2:

1 MHz mask physical layer (PHY) protocol data unit (PPDU): A PPDU that is transmitted using 
the 1 MHz transmit spectral mask defined in Clause 23 and that is a 1 MHz sub 1 GHz (S1G) PPDU 
(TXVECTOR parameter CH_BANDWIDTH equal to CBW1).

1 MHz physical layer (PHY) protocol data unit (PPDU): A Clause 23 1 MHz sub 1 GHz (S1G) PPDU 
(TXVECTOR parameter CH_BANDWIDTH equal to CBW1).

2 MHz mask physical layer (PHY) protocol data unit (PPDU): A PPDU that is transmitted using 
the 2 MHz transmit spectral mask defined in Clause 23 and that is one of the following:

a) A 1 MHz sub 1 GHz (S1G) non-duplicate PPDU (TXVECTOR parameter CH_BANDWIDTH 
equal to CBW1)

b) A 2 MHz S1G non-duplicate or S1G 1 MHz duplicate PPDU (TXVECTOR parameter 
CH_BANDWIDTH equal to CBW2)

2 MHz physical layer (PHY) protocol data unit (PPDU): A Clause 23 2 MHz sub 1 GHz (S1G) PPDU 
(TXVECTOR parameter CH_BANDWIDTH equal to CBW2) or a Clause 23 2 MHz S1G 1 MHz duplicate 
PPDU (TXVECTOR parameter CH_BANDWIDTH equal to CBW2).

4 MHz mask physical layer (PHY) protocol data unit (PPDU): A PPDU that is transmitted using 
the 4 MHz transmit spectral mask defined in Clause 23 and that is one of the following:

a) A 1 MHz sub 1 GHz (S1G) non-duplicate PPDU (TXVECTOR parameter CH_BANDWIDTH 
equal to CBW1)

b) A 2 MHz S1G non-duplicate or S1G 1 MHz duplicate PPDU (TXVECTOR parameter 
CH_BANDWIDTH equal to CBW2)

c) A 4 MHz S1G non-duplicate, or S1G 1 MHz duplicate, or S1G 2 MHz duplicate PPDU 
(TXVECTOR parameter CH_BANDWIDTH equal to CBW4)

4 MHz physical layer (PHY) protocol data unit (PPDU): A Clause 23 4 MHz sub 1 GHz (S1G) PPDU 
(TXVECTOR parameter CH_BANDWIDTH equal to CBW4), a Clause 23 4 MHz S1G 1 MHz duplicate 
PPDU (TXVECTOR parameter CH_BANDWIDTH equal to CBW4), or a Clause 23 4 MHz S1G 2 MHz 
duplicate PPDU (TXVECTOR parameter CH_BANDWIDTH equal to CBW4).

8 MHz mask physical layer (PHY) protocol data unit (PPDU): A PPDU that is transmitted using 
the 8 MHz transmit spectral mask defined in Clause 23 and that is one of the following:

a) A 1 MHz sub 1 GHz (S1G) non-duplicate PPDU (TXVECTOR parameter CH_BANDWIDTH 
equal to CBW1)

b) A 2 MHz S1G non-duplicate or S1G 1 MHz duplicate PPDU (TXVECTOR parameter 
CH_BANDWIDTH equal to CBW2)
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c) A 4 MHz S1G non-duplicate, or S1G 1 MHz duplicate, or S1G 2 MHz duplicate PPDU 
(TXVECTOR parameter CH_BANDWIDTH equal to CBW4)

d) An 8 MHz S1G non-duplicate, or S1G 1 MHz duplicate, or S1G 2 MHz duplicate PPDU 
(TXVECTOR parameter CH_BANDWIDTH equal to CBW8)

8 MHz physical layer (PHY) protocol data unit (PPDU): A Clause 23 8 MHz sub 1 GHz (S1G) PPDU 
(TXVECTOR parameter CH_BANDWIDTH equal to CBW8), a Clause 23 8 MHz S1G 1 MHz duplicate 
PPDU (TXVECTOR parameter CH_BANDWIDTH equal to CBW8), or a Clause 23 8 MHz S1G 2 MHz 
duplicate PPDU (TXVECTOR parameter CH_BANDWIDTH equal to CBW8).

16 MHz mask physical layer (PHY) protocol data unit (PPDU): A PPDU that is transmitted using 
the 16 MHz transmit spectral mask defined in Clause 23 and that is one of the following:

a) A 1 MHz sub 1 GHz (S1G) non-duplicate PPDU (TXVECTOR parameter CH_BANDWIDTH 
equal to CBW1)

b) A 2 MHz S1G non-duplicate or S1G 1 MHz duplicate PPDU (TXVECTOR parameter 
CH_BANDWIDTH equal to CBW2)

c) A 4 MHz S1G non-duplicate, or S1G 1 MHz duplicate, or S1G 2 MHz duplicate PPDU 
(TXVECTOR parameter CH_BANDWIDTH equal to CBW4)

d) An 8 MHz S1G non-duplicate, or S1G 1 MHz duplicate, or S1G 2 MHz duplicate PPDU 
(TXVECTOR parameter CH_BANDWIDTH equal to CBW8)

e) An 16 MHz S1G non-duplicate, or S1G 1 MHz duplicate, or S1G 2 MHz duplicate (TXVECTOR 
parameter CH_BANDWIDTH equal to CBW16)

16 MHz physical layer (PHY) protocol data unit (PPDU): A Clause 23 16 MHz sub 1 GHz (S1G) PPDU 
(TXVECTOR parameter CH_BANDWIDTH equal to CBW16), a Clause 23 16 MHz S1G 1 MHz duplicate 
PPDU (TXVECTOR parameter CH_BANDWIDTH equal to CBW16), or a Clause 23 16 MHz S1G 2 MHz 
duplicate PPDU (TXVECTOR parameter CH_BANDWIDTH equal to CBW16).

centralized authentication controller (CAC) access point (AP): A sub 1 GHz (S1G) AP with 
dot11S1GCentralizedAuthenticationControlActivated equal to true. A CAC AP is able to alleviate wireless 
medium contention when a large number of stations (STAs) are trying to, or are expected to, reconnect to the 
AP at about the same time.

centralized authentication controlled (CAC) station (STA): A sub 1 GHz (S1G) non-access point (non-
AP) STA with dot11S1GCentralizedAuthenticationControlActivated equal to true. A CAC STA supports a 
CAC access point (AP) to alleviate wireless medium contention when a large number of STAs are trying to, 
or are expected to, reconnect to the AP at about the same time.

energy limited (EL) station (STA): A sub 1 GHz (S1G) STA whose limited energy supply requires the 
STA to transmit or receive in certain intervals of time determined by an EL Operation element.

non-sensor station (STA): A sub 1 GHz (S1G) non-access point (non-AP) STA transmitting or receiving 
data frames not subject to limitation of payload size. A non-sensor STA might not have the power and traffic 
volume limitation expected for a sensor STA.

non-traffic indication map (non-TIM) mode: A sub 1 GHz (S1G) non-access point (non-AP) station 
(STA) power save mode in which an S1G non-AP STA need not listen for traffic indication map (TIM) 
Beacon frames but transmits at least one PS-Poll or trigger frame to the associated AP every listen interval.

non-traffic indication map (non-TIM) station (STA): A sub 1 GHz (S1G) non-access point (non-AP) 
station (STA) that has entered the non-TIM mode.
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null data packet (NDP) 1M (NDP_1M): An NDP carrying medium access control (MAC) information 
(CMI) frame that is transmitted using the S1G_1M format.

null data packet (NDP) 2M (NDP_2M): An NDP carrying medium access control (MAC) information 
(CMI) frame that is transmitted using the S1G_SHORT format.

null data packet (NDP) carrying medium access control information (CMAC) frame: A physical layer 
(PHY) protocol data unit (PPDU) with no Data field used by the PHY to provide to the medium access 
control (MAC) the service of carrying MAC information in the SIGNAL field of the sub 1 GHz (S1G) 
PPDU.

paged association identifier (AID): An AID of a sub 1 GHz (S1G) non-access point (non-AP) station 
(STA) whose corresponding bit value in a transmitted traffic indication map (TIM) encoded in AID with 
differential encoding (ADE) mode is 1.

primary 1 MHz channel: In a 2 MHz, 4 MHz, 8 MHz, or 16 MHz sub 1 GHz (S1G) basic service set 
(BSS), the 1 MHz channel that is used to transmit 1 MHz physical layer (PHY) protocol data units (PPDUs).

primary 2 MHz channel: In a 4 MHz, 8 MHz, or 16 MHz sub 1 GHz (S1G) basic service set (BSS), the 
2 MHz channel that is used to transmit 2 MHz physical layer (PHY) protocol data units (PPDUs).

primary 4 MHz channel: In an 8 MHz or 16 MHz sub 1 GHz (S1G) basic service set (BSS), the 4 MHz 
channel that is used to transmit 4 MHz physical layer (PHY) protocol data units (PPDUs).

primary 8 MHz channel: In a 16 MHz sub 1 GHz (S1G) basic service set (BSS), the 8 MHz channel that is 
used to transmit 8 MHz physical layer (PHY) protocol data units (PPDUs).

protocol version 0 (PV0) medium access control (MAC) protocol data unit (MPDU): An MPDU that 
has the Protocol Version field of the Frame Control field of the MPDU header equal to 0.

protocol version 1 (PV1) medium access control (MAC) protocol data unit (MPDU): An MPDU that 
has the Protocol Version field of the Frame Control field of the MPDU header equal to 1.

restricted access window (RAW): A medium access interval for a group of stations (STAs) during which a 
STA in the RAW group indicated by the RAW parameter set (RPS) element is allowed to contend for access 
to the medium.

secondary 1 MHz channel: In a 2 MHz sub 1 GHz (S1G) basic service set (BSS), the 1 MHz channel 
adjacent to the primary 1 MHz channel that with the primary 1 MHz channel forms the 2 MHz channel of 
the 2 MHz S1G BSS. In a 4 MHz, 8 MHz, and 16 MHz S1G BSS, the 1 MHz channel adjacent to the 
primary 1 MHz channel that together form the primary 2 MHz channel of the S1G BSS.

secondary 2 MHz channel: In a 4 MHz sub 1 GHz (S1G) basic service set (BSS), the 2 MHz channel 
adjacent to the primary 2 MHz channel that with the primary 2 MHz channel forms the 4 MHz channel of 
the 4 MHz S1G BSS. In an 8 MHz and 16 MHz S1G BSS, the 2 MHz channel adjacent to the primary 
2 MHz channel that together form the primary 4 MHz channel of the S1G BSS. 

secondary 4 MHz channel: In an 8 MHz sub 1 GHz (S1G) basic service set (BSS), the 4 MHz channel 
adjacent to the primary 4 MHz channel that with the primary 4 MHz channel forms the 8 MHz channel of 
the 8 MHz S1G BSS. In a 16 MHz S1G BSS, the 4 MHz channel adjacent to the primary 4 MHz channel that 
together form the primary 8 MHz channel.
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secondary 8 MHz channel: In an 16 MHz sub 1 GHz (S1G) basic service set (BSS), the 8 MHz channel 
adjacent to the primary 8 MHz channel that with the primary 8 MHz channel forms the 16 MHz channel of 
the 16 MHz S1G BSS.

sensor station (STA): A sub 1 GHz (S1G) non-access point (AP) STA that has certain traffic and device 
characteristics (e.g., limited payload size, limited traffic volume, battery operated device) and is allowed to 
associate with an AP that transmits an S1G Beacon, a Probe Response, or a PV1 Probe Response frame 
containing the S1G Capabilities element with the STA Type Support subfield indicating a sensor basic 
service set (BSS) or a mixed BSS.

short beacon interval: The interval between the consecutive target short beacon transmission times 
(TSBTTs) of beacons containing a minimal set of information elements.

sub 1 GHz (S1G) physical layer (PHY) protocol data unit (PPDU): A PPDU transmitted with the 
TXVECTOR parameter FORMAT equal to S1G, S1G_DUP_1M, or S1G_DUP_2M. The PPDU is 
transmitted with the S1G_SHORT, S1G_LONG, or S1G_1M preamble.

sub 1 GHz 1M (S1G_1M) physical layer (PHY) protocol data unit (PPDU): A 1 MHz PPDU or 1 MHz 
duplicate PPDU that is transmitted with S1G_1M preamble.

sub 1 GHz long (S1G_LONG) physical layer (PHY) protocol data unit (PPDU): A 2 MHz, 4 MHz, 
8 MHz, or 16 MHz PPDU with long preamble format.

sub 1 GHz modulation and coding scheme (S1G-MCS): A specification of the S1G physical layer (PHY) 
parameters that consists of modulation order (e.g., BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM) and 
forward error correction (FEC) coding rate (e.g., 1/2 rep2, 1/2, 2/3, 3/4, 5/6) that is used in an S1G PHY 
protocol data unit (PPDU).

sub 1 GHz short (S1G_SHORT) physical layer (PHY) protocol data unit (PPDU): A 2 MHz, 4 MHz, 
8 MHz, 16 MHz, or 2 MHz duplicate PPDU with short preamble format.

subchannel selective transmission (SST) channel: A channel that is permitted for the subchannel selective 
transmission indicated by either an SST element or an RPS element.

target wake time (TWT): A specific time or set of times for individual stations (STAs) to wake in order to 
exchange frames with other STAs.

target wake time (TWT) responder: A station (STA) that has accepted a TWT agreement that was 
requested by another STA and that assigns TWT service period (SP) start times to the requesting STA.

target wake time (TWT) service period (SP): A period of time during which a TWT station (STA) is 
awake to transmit and/or receive frames.

target wake time (TWT) service period (SP) start time: The value of the timing synchronization function 
(TSF) at the beginning of a TWT SP. 

target wake time (TWT) requester: A station (STA) that has had a requested TWT agreement accepted by 
another STA and that receives TWT service period (SP) start times from that STA.
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3.4 Abbreviations and acronyms

Insert the following abbreviations into 3.4 in alphabetical order:

ADE AID with differential encoding

BAT block acknowledgment TWT

BDT bidirectional TXOP

BPN base packet number

CAC centralized authentication controller (for access points) or controlled (for stations)

EL energy limited

EOM end of multi-user

MAD maximum away duration

OLB offset length bitmap

PRAW periodic restricted access window

PV0 protocol version 0

PV1 protocol version 1

RAW restricted access window

RID response indication deferral

RPS RAW parameter set

S1G sub 1 GHz

SC sequence counter

SID short identifier

S-MPDU single MAC protocol data unit

SST subchannel selective transmission

STACK short TWT acknowledgment

TACK TWT acknowledgment

TSBTT target short beacon transmission time

TWT target wake time

USF unified scaling factor
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4. General description 

Change the following phrase throughout IEEE Std 802.11:

from “[a] VHT Single MPDU” to “[an] S-MPDU”

4.3 Components of the IEEE 802.11 architecture

Insert the following subclauses (4.3.13a through 4.3.13a.2) after 4.3.13:

4.3.13a Sub 1 GHz (S1G) STA

4.3.13a.1 Overview

The IEEE 802.11 S1G STA operates in frequency bands below 1 GHz excluding the TV White Space bands. 

An S1G STA supports S1G features identified in Clause 9, Clause 10, Clause 11, Clause 12, and Clause 23.

The main PHY features in an S1G STA are the following:

— Mandatory support for 1 MHz and 2 MHz channel width

— Mandatory support for S1G_1M, S1G_SHORT PPDU

— Mandatory support for S1G_LONG PPDU if ≥ 4 MHz channel width is supported 

— Mandatory support for detection and decode of SIG-A field of the S1G_LONG preamble

— Mandatory support for single spatial stream S1G-MCS 0 to S1G-MCS 2 and S1G-MCS 10 (for 
1 MHz PPDU only)

— Mandatory support for single spatial stream S1G-MCS 3 to S1G-MCS 7 for an S1G AP

— Mandatory support for binary convolutional coding

— Mandatory support for normal guard interval

— Mandatory support for fixed pilots

— Optional support for 2, 3 and 4 spatial streams (transmit and receive) 

— Optional support for S1G_LONG PPDU if only 2 MHz channel width is supported

— Optional support for beamforming sounding (by sending an S1G NDP frame) 

— Optional support for compressed beamforming feedback

— Optional support for STBC, LDPC (transmit and receive) 

— Optional support for S1G MU PPDUs (transmit and receive) 

— Optional support for 4 MHz, 8 MHz, or 16 MHz channel width 

— Optional support for S1G-MCSs 8 and 9 (transmit and receive) 

— Optional support for short guard interval 

— Optional support for traveling pilots

The main MAC features supported for S1G STA are the following:

— Mandatory support for NDP Ack, NDP BlockAck, and NDP CTS frames; mandatory support for the 
reception of NDP Probe Request frame for S1G AP; optional support for other NDP CMAC frames 

— Mandatory support for the reception of PV1 MPDUs but optional support for the transmission of 
PV1 MPDUs

— Mandatory support for the second virtual carrier sensing - RID

— Mandatory support for the hierarchical structure of TIM element by an S1G AP
38
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— Mandatory support for extended BSS max idle periods and extended listen intervals with USF

— Optional support for RAW

— Optional support for Relay

— Optional support for grouping of non-AP STAs and group AID

— Optional support for TWT

— Optional support for BDT

— Optional support for sectorization

— Optional support for non-TIM STA operation

— Optional support for asymmetric block ack operation, fragment block ack operation

— Optional support for page slicing, dynamic AID assignment for an S1G AP

— Optional support for authentication control

— Optional support for SST

— Optional support for rescheduling STA’s doze/awake cycle 

— Optional support for either a sensor STA or a non-sensor STA

— Optional support for an EL STA

NOTE—Some NDP CMAC frames are mandatory under certain conditions as indicated in B.4.4.2.

Most S1G features help either reduce a STA’s energy consumption or increase the usable range between an 
AP and a non-AP STA.

An S1G STA is a non-mesh STA, and a QoS STA that does not support HCCA.

4.3.13a.2 S1G Relay

The S1G relay is a mechanism for expanding the coverage area of an AP. The AP is referred to as the root 
AP. An S1G relay consists of an S1G relay AP and an S1G relay STA. An S1G relay forwards frames 
between STAs associated to its S1G relay AP and the AP to which its S1G relay STA is associated.
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5. MAC service definition

5.1 Overview of MAC services

5.1.2 Security services

Insert the following paragraph at the end of 5.1.2:

An S1G STA shall not use the pairwise cipher suite selectors WEP-40, WEP-104, TKIP, or “Use group 
cipher suite”.

5.1.5 MAC data service architecture

Insert the following subclause (5.1.5.6, including Figure 5-7) after 5.1.5.5:

5.1.5.6 S1G Relay

An S1G relay comprises a relay AP, a relay STA and a relay function (see Figure 5-7).

A relay STA is a non-AP STA associated to a root AP or the relay AP of another relay. A relay AP is an AP 
that offers the relay function to its associated non-AP STAs, and provides access to the DS indirectly 
through the relay STA’s path to the root AP. The relay function performs local reception or selective for-
warding of MSDUs between the relay STA and relay AP, based on the destination address, as described in 
10.50.

The MAC data plane architecture of an S1G relay is shown in Figure 5-7.  
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Figure 5-7—S1G relay data plane architecture
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6. Layer management

6.3 MLME SAP interface

6.3.2 Power management

6.3.2.2 MLME-POWERMGT.request

6.3.2.2.2 Semantics of the service primitive

Change the primitive parameter list in 6.3.2.2.2 as follows:

The primitive parameters are as follows:
MLME-POWERMGT.request(

PowerManagementMode,
ReceiveDTIMs, 
ReceiveTIMs
)

Insert the following row at the end of the parameter table in 6.3.2.2.2:

6.3.3 Scan

6.3.3.2 MLME-SCAN.request

6.3.3.2.2 Semantics of the service primitive

Change the primitive parameter list in 6.3.3.2.2 as follows:

The primitive parameters are as follows:
MLME-SCAN.request(

BSSType,
BSSID,
SSID,
ScanType,
ActiveScanType,
ProbeDelay,
ChannelList,
MinChannelTime,
MaxChannelTime,

Name Type Valid range Description

ReceiveTIMs Boolean true, false The parameter is present if 
dot11S1GOptionImplemented is true; 
otherwise not present.
This parameter is set to the boolean 
complement of dot11NonTIMModeActivated. 
When true, this parameter causes the S1G STA 
to awaken to receive a Beacon frame, as 
determined by the STA’s ListenInterval and the 
ReceiveDTIMs parameter. When this 
parameter is false, the S1G STA transmits at 
least one frame every listen interval without 
receiving a Beacon frame.
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RequestInformation,
SSID List,
ChannelUsage,
AccessNetworkType,
HESSID,
MeshID,
DiscoveryMode,
FILSRequestParameters,
ReportingOption,
APConfigurationSequenceNumber,
S1GRelayDiscovery, 
PV1ProbeResponseOption,
S1GCapabilities,
ChangeSequence,
ELOperation,
MaxAwayDuration,
VendorSpecificInfo
)

Insert the following row into the parameter table in 6.3.3.2.2 after the “ScanType” row:

Insert the following rows into the parameter table in 6.3.3.2.2 before the “VendorSpecificInfo” row:

Name Type Valid range Description

ActiveScanType Enumeration FRAME,
NDP

Indicates active scanning type by the 
transmission of either Probe Request frames 
or NDP Probe Request frames. This 
parameter is optionally present if 
dot11S1GOptionImplemented is true and if 
ScanType is ACTIVE; otherwise not 
present.

Name Type Valid range Description

S1GRelayDiscovery S1G Relay 
Discovery 
element

As defined in 
9.4.2.208

Indicates link budget information and QoS 
requirements for relay discovery.
This element is optionally present if 
dot11RelaySTAImplemented is true; otherwise 
not present.

PV1ProbeResponseOptio
n

PV1 Probe 
Response 
Option element

As defined in 
9.4.2.210

Indicates which optional information is 
requested to be included in the PV1 Probe 
Response frame. This element is optionally 
present if 
dot11PV1ProbeResponseOptionImplemented 
is true; otherwise not present.

S1GCapabilities S1G 
Capabilities 
element

As defined in 
9.4.2.201

Indicates S1G capabilities of an S1G STA.
The S1G Capabilities element is present if 
dot11S1GOptionImplemented is true; 
otherwise not present.

ChangeSequence Change 
Sequence 
element

As defined in 
9.4.2.199

Specifies the parameters within the Change 
Sequence element that are supported by the 
MAC entity.
The parameter is optionally present if 
dot11S1GOptionImplemented is true; 
otherwise not present.
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6.3.3.3 MLME-SCAN.confirm

6.3.3.3.2 Semantics of the service primitive

Change the second paragraph in 6.3.3.3.2 as follows:

Each BSSDescription consists of the parameters shown in the following table, in which the term peer STA
refers to the STA transmitting the Beacon frame, S1G Beacon frame, or Probe Response frame, or PV1 
Probe Response frame from which the BSSDescription was determined and the term local STA refers to the 
STA performing the scan, and in which the “IBSS adoption” column indicates whether

a) This parameter is adopted by a STA that is joining an IBSS.

b) This parameter is adopted by a STA that is a member of an IBSS that receives a beacon or S1G 
Beacon from a STA that is a member of the same IBSS and that has a timestamp value that is greater 
than the local TSF value (see 11.1.5).

Change the following row in the BSSDescriptionSet table in 6.3.3.3.2 as shown:

Insert the following rows at the end of the BSSDescriptionSet table in 6.3.3.3.2:

ELOperation EL Operation 
element

As defined in 
9.4.2.211

Specifies the parameters within the EL 
Operation element that are supported by the 
MAC entity.
The parameter is present if 
dot11S1GELOperationActivated is true; 
otherwise not present.

MaxAwayDuration Integer 0–65 535 
inclusive

Indicates the maximum duration, in TUs, that 
the AP is unavailable for communications with 
the STA. 
The parameter is optionally present if 
dot11MaxAwayDuration is nonzero; otherwise 
not present. 

Name Type Valid range Description IBSS adoption 

Timestamp Integer N/A The timestamp of the received 
frame (Probe Response/
Beacon, or PV1 Probe 
Response/S1G Beacon) from 
the found BSS. When a PV1 
Probe Response or an S1G 
Beacon frame is received, the 
timestamp is reconstructed as 
described in 11.1.3.10.3.

Adopt

Name Type Valid range Description IBSS adoption 

Compressed SSID Integer N/A The Compressed SSID of the 
received frame (PV1 Probe 
Response or S1G Beacon) 
from the found BSS.
This parameter is optionally 
present if 
dot11S1GOptionImplemented 
is true; otherwise not present.

Adopt

Name Type Valid range Description
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Next TBTT Integer N/A Highest 3 octets of the 4 least 
significant octets of the next 
TBTT. This parameter is 
optionally present if 
dot11S1GOptionImplemented 
is true; otherwise not present.

Adopt

S1G Relay 
Discovery

As defined in 
frame format

As defined in 
9.4.2.208

The values from the S1G Relay 
Discovery element if such an 
element was present in the 
Probe Response, PV1 Probe 
Response, or S1G Beacon 
frame. More description is 
provided in 10.50.6.

Do not adopt

RPS RPS element As defined in 
9.4.2.192

The parameter set for group-
based restricted medium 
access, if such element was 
present in the S1G Beacon, 
PV1 Probe Response, or Probe 
Response frame, else null. The 
support of the feature is 
described on RAW-based 
medium access (10.22.5).

Do not adopt

Page Slice Page Slice 
element

As defined in 
9.4.2.193

The set of page slices present 
in DTIM interval, if such 
element was present in the S1G 
Beacon, or Probe Response, or 
PV1 Probe Response frame, 
else null. The support of the 
feature is described 10.47.

Do not adopt

S1G Capabilities As defined in 
frame format

As defined in 
9.4.2.201

The values from the S1G 
Capabilities element. The 
parameter is present if 
dot11S1GOptionImplemented 
is true and an S1G Capabilities 
element was present in the S1G 
Beacon, or Probe Response, or 
PV1 Probe Response, frame 
from which the 
BSSDescription was 
determined; otherwise not 
present.

Adopt

TSF Timer 
Accuracy

TSF Timer 
Accuracy 
element 

As defined in 
9.4.2.204

The values from the TSF Timer 
Accuracy element if such an 
element was present in the 
Probe Response, PV1 Probe 
Response, or S1G Beacon 
frame, else null. The parameter 
is optionally present if 
dot11TSFTimerAccuracyImple
mented is true; otherwise not 
present.

Adopt

Change Sequence As defined in 
frame format

As defined in 
9.4.2.199

A Change Sequence element 
indicates the change of system 
information within a BSS.
The support of the feature is 
described 10.42.2.

Do not adopt

Name Type Valid range Description IBSS adoption 
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S1GRelay As defined in 
frame format

As defined in 
9.4.2.205

The S1G Relay element is 
present in the S1G Beacon if 
dot11RelayAPOperationActiva
ted is true or if 
dot11RelayAPImplemented is 
true; otherwise not present. 
The S1G Relay element is 
optionally present in Probe 
Response, or PV1 Probe 
Response, if 
dot11RelayAPImplemented is 
true. More description is 
provided in 10.50.

Do not adopt

S1GOperation As defined in 
frame format

As defined in 
9.4.2.213

The values from the S1G 
Operation element if such an 
element was present in the 
Probe Response, PV1 Probe 
Response, or S1G Beacon 
frame, else null.
The parameter is optionally 
present if 
dot11S1GOptionImplemented 
is true; otherwise not present.

Adopt

ShortBeaconPeriod As defined in 
frame format

As defined in 
9.4.2.198

The short beacon period, in 
TUs, of the found BSS if the 
Short Beacon Interval element 
was present in the Probe 
Response, PV1 Probe 
Response, or S1G Beacon 
frame, else null.
The parameter is optionally 
present if 
dot11S1GOptionImplemented 
is true; otherwise not present.

Adopt

ShortBeaconDTIM
Period

As defined in 
frame format

As defined in 
9.4.2.6

The values from the TIM 
element if such an element was 
present in the S1G Beacon 
frame, else null.
The parameter is optionally 
present if 
dot11S1GOptionImplemented 
is true; otherwise not present.

Adopt

MaxAwayDuration Integer 0–65 535 
inclusive

Indicates the maximum 
duration, in TUs, that the AP is 
unavailable for 
communications with the STA.
The parameter is optionally 
present if 
dot11MaxAwayDuration is 
nonzero; otherwise not present.

Do not adopt

Name Type Valid range Description IBSS adoption 
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6.3.4 Synchronization

6.3.4.2 MLME-JOIN.request

6.3.4.2.4 Effect of receipt

Insert the following paragraph at the end of 6.3.4.2.4:

If the MLME of an S1G STA receives an MLME-JOIN.request primitive with a SelectedBSS parameter 
containing a BSSDescription with a Basic S1G-MCS and NSS Set field in the S1G Operation element that 
contains any unsupported <S1G-MCS, NSS> tuple, the ResultCode parameter in the MLME’s responding 
invocation of the MLMEJOIN.confirm primitive shall contain a value that is not SUCCESS.

6.3.5 Authenticate

6.3.5.2 MLME-AUTHENTICATE.request

6.3.5.2.3 When generated

Insert the following paragraph at the end of 6.3.5.2.3:

When dot11S1GCentralizedAuthenticationControlActivated is true and a STA’s local MAC variable 
AuthenticationRequestTransmission is false, then the STA shall not invoke this primitive.

6.3.7 Associate

6.3.7.2 MLME-ASSOCIATE.request

6.3.7.2.2 Semantics of the service primitive

Change the primitive parameter list in 6.3.7.2.2 as follows:

The primitive parameters are as follows:
MLME-ASSOCIATE.request(

PeerSTAAddress,
BSSMaxIdlePeriod,
ListenInterval,
Supported Channels,
RSN,
QoSCapability,
Content of FT Authentication elements,
SupportedOperatingClasses,
SM Power Save,
QoSTrafficCapability,
TIMBroadcastRequest,
EmergencyServices,
DMG Capabilities,
Multi-band local,
Multi-band peer,
MMS,
FILSHLPContainer,
FILSIPAddressAssignment,
AID Request,
S1G Capabilities,
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TWT,
MaxAwayDuration,
S1GRelayActivation,
ReachableAddress,
VendorSpecificInfo
)

Insert the following row into the parameter table in 6.3.7.2.2 before the “ListenInterval” row:

Insert the following rows into the parameter table in 6.3.7.2.2 before the “VendorSpecificInfo” row:

Name Type Valid range Description

BSSMaxIdlePeriod BSS Max Idle Period 
element

As defined in 9.4.2.79 Indicates the preferred 
BSS Max idle period 
parameters. This 
parameter is optionally 
present if 
dot11S1GOptionImpleme
nted is true; otherwise not 
present.

Name Type Valid range Description

AID Request AID Request element As defined in 9.4.2.194 Indicates the device 
characteristic of the non-
AP STA requesting AID 
assignment. This 
parameter is optionally 
present if 
dot11S1GOptionImpleme
nted is true; otherwise not 
present.

S1G Capabilities As defined in frame 
format

As defined in 9.4.2.201 Specifies the parameters 
in the S1G Capabilities 
element that are supported 
by the STA. The 
parameter is present if 
dot11S1GOptionImpleme
nted is true; otherwise not 
present.

TWT TWT element As defined in 9.4.2.200. Specifies the parameters 
in the TWT element.
This parameter is 
optionally present if 
dot11TWTOptionActivate
d is true; otherwise not 
present.

MaxAwayDuration Integer 0–65 535 inclusive Indicates the maximum 
duration, in TUs, that the 
AP is unavailable for 
communications with the 
STA.
The parameter is 
optionally present if 
dot11MaxAwayDuration 
is nonzero; otherwise not 
present. 
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6.3.7.3 MLME-ASSOCIATE.confirm

6.3.7.3.2 Semantics of the service primitive

Change the primitive parameter list in 6.3.7.3.2 as follows:

The primitive parameters are as follows:
MLME-ASSOCIATE.confirm(

ResultCode,
CapabilityInformation,
AssociationID,
EDCAParameterSet,
RCPI of Request,
RSNI of Request,
RCPI of Response,
RSNI of Response,
RMEnabledCapabilities,
Content of FT Authentication elements,
SupportedOperatingClasses,
Extended Capabilities,
20/40 BSS Coexistence,
TimeoutInterval,
BSSMaxIdlePeriod,
TIMBroadcastResponse,
QoSMapSet,
QMFPolicy,
DMG Capabilities,
Multi-band local,
Multi-band peer,
MMS,
FILSHLPContainer,
FILSIPAddressAssignment,
KeyDelivery,
S1G Sector Operation,

S1GRelayActivation S1G Relay Activation 
element

As defined in 9.4.2.207 Indicates if the STA with 
dot11RelaySTAImplemen
ted equal to true requests 
to operate as a relay (in a 
request) and the AP with 
dot11RelayAPImplemente
d equal to true requests/
confirms operation as a 
relay.
The parameter is 
optionally present if 
dot11RelaySTAImplemen
ted is true; otherwise not 
present.

ReachableAddress Reachable Address 
element

As defined in 9.4.2.206 The Reachable Address 
element is optionally 
present if 
dot11RelaySTAImplemen
ted is true; otherwise not 
present.

Name Type Valid range Description
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