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Abstract: The WirelessMAN-Advanced Air Interface, an enhanced air interface designated as
“IMT-Advanced” by the International Telecommunication Union—Radiocommunication Sector
(ITU-R), is specified in this standard.

Keywords: broadband wireless access, IEEE 802.16, IEEE 802.16.1, IMT-Advanced radio
interface, mobile broadband, orthogonal frequency-division multiple access (OFDMA),
WirelessMAN®-Advanced Air Interface, wireless metropolitan area networks
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Notice and Disclaimer of Liability Concerning the Use of IEEE Documents: IEEE Standards documents are developed
within the IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards
Board. IEEE develops its standards through a consensus development process, approved by the American National Standards
Institute, which brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. 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.

Use of an IEEE Standard is wholly voluntary. IEEE disclaims liability for any personal injury, property or other damage, of any
nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the
publication, use of, or reliance upon any IEEE Standard document.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that the
use of the material contained in its standards is free from patent infringement. IEEE Standards documents are supplied "AS IS."

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. 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 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, seck the advice of a competent professional in determining the
appropriateness of a given IEEE standard.

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.

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 the official position of IEEE or any of its committees and shall not be considered to
be, nor 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 to ensure 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. Any person who
would like to participate in evaluating comments or revisions to an IEEE standard is welcome to join the relevant IEEE working

group at http://standards.ieee.org/develop/wg/.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854-4141

USA

Photocopies: Authorization to photocopy portions of any individual standard for internal or personal use is granted by The
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center.
To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
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Notice to users

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

This document is copyrighted by the IEEE. It is made available 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 this document
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.

Updating of IEEE 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. 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 [JEEE-SA Website or contact the IEEE at the address listed
previously. For more information about the IEEE Standards Association or the IEEE standards development
process, visit the IEEE-SA Website.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http:/
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.
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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 introduction is not part of IEEE Std 802.16.1-2012, IEEE Standard for WirelessMAN-Advanced Air Interface
for Broadband Wireless Access Systems.

This standard specifies the WirelessMAN-Advanced Air Interface, an enhanced air interface designated as
“IMT-Advanced” by the International Telecommunication Union—Radiocommunication Sector (ITU-R).
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IEEE Standard for
WirelessMAN-Advanced Air Interface for
Broadband Wireless Access Systems

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or
environmental protection, or ensure against interference with or from other devices or networks.
Implementers 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.

This IEEE document is made available for use subject to important notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this document and may be found under the
heading "Important Notice" or "Important Notices and Disclaimers Concerning IEEE Documents." They
can also be obtained on request from IEEE or viewed at http:/standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scope

This standard specifies the WirelessMAN-Advanced Air Interface, including the medium access control
layer (MAC) and physical layer (PHY), of a broadband wireless access (BWA) system supporting multiple
services. The WirelessMAN-Advanced Air Interface supports the International Telecommunication Union
(ITU)’s IMT-Advanced requirements.

1.2 Purpose

This standard enables rapid worldwide deployment of innovative, cost-effective, and interoperable
multivendor broadband wireless access products, facilitates competition in broadband access by providing
alternatives to wireline broadband access, encourages consistent worldwide spectrum allocation, and
accelerates the commercialization of broadband wireless access systems. The standard serves as a basis for
IMT-Advanced recommendations within the ITU.

1.3 Frequency bands

The primary bands of interest are described in 1.3.1.
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1.3.1 Frequencies below 11 GHz

Frequencies below 11 GHz provide a physical environment where, due to the longer wavelength, line-of-sight
(LOS) is not necessary and multipath may be significant. The ability to support near-LOS and non-LOS
(NLOS) scenarios requires additional PHY functionality, such as the support of advanced power management
techniques, interference mitigation/coexistence, and multiple antennas.

1.4 Reference models
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Figure 1-1—IEEE 802.16.1 protocol layering, showing service access points (SAPs)

The MAC common part sublayer (CPS) provides the core MAC functionality of system access, bandwidth
allocation, connection establishment, and connection maintenance. It receives data from the various conver-
gence sublayers (CSs), through the MAC SAP, classified to particular MAC connections. Quality of service
(QoS) is applied to the transmission and scheduling of data over the PHY. The MAC also contains a separate
security sublayer providing authentication, secure key exchange, and encryption. Data, PHY control, and
statistics are transferred between the MAC CPS and the PHY via the PHY SAP (which is implementation
specific). The PHY specifications supported is discussed in 6.3. All these parts are supported at the MAC
level. The MAC comprises three sublayers. The service-specific CS provides any transformation or mapping
of external network data, received through the CS SAP, into MAC service data units (SDUs) received by the
MAC CPS through the MAC SAP. This includes classifying external network SDUs and associating them to
the proper MAC service flow identifier (SFID) and, for an advanced base station (ABS) or advanced mobile
station (AMS), a Station Identifier + Flow Identifier (STID + FID) combination. It may also include such
functions as payload header suppression (PHS). Multiple CS specifications are provided for interfacing with
various protocols. The internal format of the CS payload is unique to the CS, and the MAC CPS is not
required to understand the format of or to parse any information from the CS payload.
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FOR BROADBAND WIRELESS ACCESS SYSTEMS

1.4.1 IEEE 802.16.1 entity

IEEE

Std 802.16.1-2012

An IEEE 802.16.1 entity is defined as the logical entity in an AMS or ABS that comprises the PHY and
MAC layers of the Data Plane and the Management/Control Plane.

1.4.2 Network reference model

Figure 1-2 describes a simplified network reference model. Multiple AMS may be attached to an ABS. An
AMS communicate to the ABS over the U interface using a Primary Management Connection, a Basic
Connection, or a Secondary Management Connection.

Network Network
Control and Control and
Management Management

System (NCMS) System (NCMS)

AMS Side | ABS Side

b 3 [
M-SAP X C-SAP C-SAP X M-SAP
802.16.1 Entity | 802.16.1 Entity
(AMS) lu (ABS)

Figure 1-2—IEEE 802.16.1 Network reference model

1.4.2.1 AMS and ABS interface

This standard observes the following correlation:

— MAC control PDUs that are exchanged on the control connection trigger or are triggered by
primitives that are exchanged over either the C-SAP or the M-SAP depending on the particular
management or control operation.

1.4.2.2 IEEE 802.16 entity to NCMS interface

This interface is a set of SAP between an IEEE 802.16 entity and NCMS and is represented in Figure 1-2. It
is decomposed into two parts: the Management SAP (M-SAP) is used for less time-sensitive Management
plane primitives, and the Control SAP (C-SAP) is used for more time-sensitive Control plane primitives that
support handovers, security context management, radio resource management, and low-power operations
(such as idle mode and paging functions).

Architecturally, the base stations and their backbone connections form the access service network (ASN),
defined as a complete set of network functions, are needed to provide radio access to the mobile stations.
The ASN is outside the scope of this standard.

Documents

Copyright © 2012 IEEE. All rights reserved. Documént Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 02:05:52 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 802.16.1-2012


http://www.avadocuments.com/doc/ieee-802-16-1-2012
http://www.avadocuments.com/doc/ieee-802-16-1-2012

IEEE
Std 802.16.1-2012 IEEE STANDARD FOR WIRELESSMAN-ADVANCED AIR INTERFACE

1.4.3 Management SAP (M-SAP)

The Management SAP may include, but is not limited to, primitives related to the following:
—  System configuration
— Monitoring statistics
— Notifications/triggers

— Multimode interface management

The network control and management system (NCMS) interacts with the management information base
(MIB) through the M-SAP in a method not defined in this standard.

1.4.4 Control SAP (C-SAP)

The Control SAP may include, but is not limited to primitives related to the following:
— Handovers [e.g., notification of handover (HO) request from AMS]
— Idle mode mobility management (e.g., Mobile entering idle mode)
— Subscriber and session management (e.g., Mobile requesting session setup)
— Radio resource management

— AAA server signaling [e.g., extensible authentication protocol (EAP) payloads]
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

FIPS 197, Advanced Encryption Standard (AES).1

IEEE Std 802®, IEEE Standards for Local and Metropolitan Area Networks: Overview and Architecture.> 3
IEEE Std 802.16™, IEEE Standard for Air Interface for Broadband Wireless Access Systems.

IEEE Std 802.21™-2008, IEEE Standard for Local and Metropolitan Area Networks: Media Independent
Handover Services.

IETF RFC 791, “Internet Protocol,” J. Postel, Sept. 1981.4
IETF RFC 2132, “DHCP Options and BOOTP Vendor Extensions,” S. Alexander, R. Droms, Mar. 1997.
IETF RFC 2460, “Internet Protocol, Version 6 (IPv6) Specification,” S. Deering, R. Hinden, Dec. 1998.

IETF RFC 3095, “RObust Header Compression (ROHC): Framework and four profiles: RTP, UDP, ESP,
and uncompressed,” C. Bormann, et al., July 2001.

IETF RFC 3243, “RObust Header Compression (ROHC): Requirements and Assumptions for 0-byte IP/
UDP/RTP Compression,” L-E. Jonsson, Apr. 2002.

IETF RFC 3315, “Dynamic Host Configuration Protocol for IPv6 (DHCPv6),” R. Droms, et al., July 2003.

IETF RFC 3748, “Extensible Authentication Protocol (EAP),” B. Aboba, L. Blunk, J. Vollbrecht, J. Carlson,
H. Levkowetz, June 2004.

IETF RFC 3759, “RObust Header Compression (ROHC): Terminology and Channel Mapping Examples,”
L-E Jonsson, Apr. 2004.

IETF RFC 3825, “DHCP for Coordinate-based Location Configuration Information,” July 2004.

IETF RFC 3843, “RObust Header Compression (ROHC): A Compression Profile for IP,” L-E. Jonsson, G.
Pelletier, June 2004.

IETF RFC 4995, “The RObust Header Compression (ROHC) Framework,” L-E. Jonsson, G. Pelletier, K.
Sandlund, July 2007.

IETF RFC 4996, “RObust Header Compression (ROHC): A Profile for TCP/IP (ROHC-TCP),” G. Pelletier,
K. Sandlund, L-E. Jonsson, M. West, July 2007.

ITU-T Recommendation G.704—Synchronous Frame Structures Used at 1544, 6312, 2048, 8448 and 44
736 kbit/s Hierarchical Levels, Oct. 1998.5

IFIPS publications are available from the National Technical Information Service (http://www.ntis.gov/).

“The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
3IEEE publications are available from the Institute of Electrical and Electronics Engineers (http:/standards.ieee.org/).

“IETF documents (i.e., RFCs) are available for download at http://www.rfc-archive.org/.
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ITU-T Recommendation X.25—Interface between Data Terminal Equipment (DTE) and Data Circuit-
terminating Equipment (DCE) for terminals operating in the packet mode and connected to public data
networks by dedicated circuit, Oct. 1996.

NIST Special Publication 800-38A—Recommendation for Block Cipher Modes of Operation—Methods
and Techniques.6

NIST Special Publication 800-38B—Recommendation for Block Cipher Modes of Operation: The CMAC
Mode for Authentication.

NIST Special Publication 800-38C-Recommendation for Block Cipher Modes of Operation: The CCM
Mode for Authentication and Confidentiality, May 2004.

SITU-T publications are available from the International Telecommunications Union (http://www.itu.int/).
ONIST publications are available from the National Institute of Standards and Technology (http://www.nist.gov/).
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3. Definitions

For the purposes of this document, the following terms and definitions apply. The [EEE Standards
Dictionary Online should be consulted for terms not defined in this clause.’

AAI (DL/UL) Access Zone: An integer multiple of subframes located in the MZone of the ABS frame or
ARS frame, where an ABS or ARS transmits to the AMSs or receives from the AMSs.

AAI (DL/UL) Relay Zone: An integer multiple of subframes located in the MZone of the ABS frame,
where an ABS transmits to the ARSs and/or AMSs or receives from the ARSs and AMSs, or the ARS frame,
where an ARS transmits to the ABS or receives from the ABS.

AAI subframe: A structured data sequence of predefined duration used by the Advanced Air Interface
specification.

advanced base station (ABS): A base station that supports the WirelessMAN-Advanced Air Interface.

advanced mobile station (AMS): A subscriber station capable of performing the Wireless-MAN-OFDMA
TDD Release 1 subset of mobile station (MS) features and functions and of implementing the
WirelessMAN-Advanced Air Interface.

advanced network: An access network compliant with the WirelessMAN-Advanced Air Interface System.
advanced relay station (ARS): A relay station that supports the WirelessMAN-Advanced Air Interface.

ARS receive/transmit transition gap (ARSRTG): The minimum receive-to-transmit turnaround gap
required at an ARS. ARS-RTG is measured from the time of the last sample of the received burst to the first
sample of the transmitted burst at the antenna port of the ARS.

ARS transmit/receive transition gap (ARSTTG): The minimum transmit-to-receive turnaround gap
required at an ARS. ARS-TTG is measured from the time of the last sample of the transmitted burst to the
first sample of the received burst at the antenna port of the ARS.

closed subscriber group (CSG): A set of subscribers authorized by the Femto ABS owner or the network
service provider, for accessing CSG Femto ABS.

contiguous resource unit (CRU): The resource allocation unit of the same size as the PRU that has
undergone the subband partitioning and miniband permutation, assigned to contiguous allocation and will
bypass subcarrier permutation in DL and tile permutation in UL.

CSG Femto ABS: CSG-Closed or CSG-Open Femto ABS.

CSG-Closed Femto ABS: A Femto ABS accessible only to the AMSs, which are in its CSG(s), except for
emergency services. AMSs that are not the members of the CSG(s) should not try to access CSG-Closed
Femto ABS:s.

CSG-Open Femto ABS: A Femto ABS primarily accessible to the AMSs that belong to its CSG(s), while
other AMSs, outside CSG(s), may also access such Femto ABS, and will be served at a lower priority. CSG-
Open Femto ABS will provide service to such AMSs as long as the QoS of AMSs in its CSG(s) is not
compromised.

"The IEEE Standards Dictionary Online subscription is available at http://www.ieee.org/portal/innovate/products/standard/
standards_dictionary.html.
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default service flow: A service flow that is established automatically without DSA procedure after
successful registration procedure. QoS parameters for the default service flow are predefined.

distributed resource unit (DRU): The resource allocation unit of the same size as the PRU that has
undergone the subband partitioning and miniband permutation, assigned to distributed allocation and will be
submitted to the subcarrier permutation in DL and tile permutation in UL.

dual-radio MS: A multimode MS/AMS that can have both radios (transmitting and receiving) active at the
same time. A dual-radio MS/AMS can simultaneous transmit and receive on both radios. A dual-radio MS/
AMS may behave as a single-radio MS by operating in single radio mode.

Femto ABS: An ABS with low transmit power, typically installed by a subscriber in the home, SOHO, or
enterprise to provide the access to closed or open group of users as configured by the subscriber and/or the
access provider. A Femto ABS is typically connected to the service providers network via a broadband
connection.

frame index: The frame order within a superframe (i.e., the first, second, third, or fourth frame of
superframe).

frame number: In WirelessMAN-Advanced Air Interface, the frame number is obtained by concatenating
the 12-bit superframe number (transmitted in every superframe) and the 2-bit frame index. Superframe
numbers are synchronized across base stations.

horizontal encoding: Indicates transmitting multiple MIMO layers over multiple antennas. The number of
MIMO layers is more than 1. The number of MIMO streams is the same as the number of MIMO layers in
this case.

logical resource unit (LRU): The generic name of logical units for distributed and contiguous resource
allocations.

LZone: A positive integer number of consecutive subframes during which an ABS communicates with RSs
or R1 MSs, and where an ARS or an RS communicates with one or more R1 MSs.

Macro ABS: An ABS with high transmit power. A Macro ABS is directly connected to the service
providers network.

Macro hot-zone ABS: An ABS with smaller transmission power/cell size than that of macro ABSs,
typically deployed by service provider and operated on service provider backhaul.

MIMO layer: An information path fed to the MIMO encoder as an input. A MIMO layer represents one
channel coding block.

MIMO stream: Each information path encoded by the MIMO encoder that is passed to the precoder.
mixed-mode ABS: An ABS with an operating LZone and operating MZone.

multilayer encoding: The number of MIMO streams is the same as the number of MIMO layers in this
case.

multi-radio MS: A multimode MS/AMS that can have multiple radios (transmitting and receiving) active at
the same time. A multi-radio MS/AMS can simultaneous transmit and receive on multiple radios. A multi-
radio MS/AMS may behave as a single-radio MS by operating in single-radio mode.
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