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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the

IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-

ment 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 with-

out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-

opment process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained

in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-

age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting

from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, 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 herein 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 five years for revi-

sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, 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 this document available, the IEEE is not suggesting or rendering professional or other services

for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or

entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-

petent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific

applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare

appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any

interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its soci-

eties and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except in

those cases where the matter has previously received formal consideration. 

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with

IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate

supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

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,

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.

Note: Attention is called to the possibility that implementation of this standard may require use of subject mat-

ter covered by patent rights. By publication of this standard, no position is taken with respect to the existence or

validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying patents

for which a license may be required by an IEEE standard or for conducting inquiries into the legal validity or

scope of those patents that are brought to its attention.
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Introduction

(This introduction is not part of IEEE Std 802.16-2001, IEEE Standard for Local and metropolitan area networks—
Part 16: Air Interface for Fixed Broadband Wireless Access Systems.)

This standard specifies the air interface of a fixed (stationary) point-to-multipoint broadband wireless access
system providing multiple services in a wireless metropolitan area network (MAN). The WirelessMAN™

medium access control layer defined here is capable of supporting multiple physical layer specifications
optimized for the frequency bands of application. The standard includes a particular physical layer
specification applicable to systems operating between 10 and 66 GHz. This 10–66 GHz air interface, based
on single-carrier modulation, is known as the WirelessMAN-SC™ air interface. An amendment to this
standard, to support 2–11 GHz using an enhanced version of the same basic medium access control layer
along with new physical layer specifications, is in development in IEEE-SA Project 802.16a.

This standard is part of a family of standards for local and metropolitan area networks. The relationship
between the standard and other members of the family is shown below. (The numbers in the figure refer to
IEEE standards numbers.1)

This family of standards deals with the Physical and Data Link Layers as defined by the International
Organization for Standardization (ISO) Open Systems Interconnection Basic Reference Model
(ISO/IEC 7498-1:1994). The access standards define several types of medium access technologies and
associated physical media, each appropriate for particular applications or system objectives. Other types are
under investigation.

The standards defining the technologies noted above are as follows:

• IEEE Std 802:2 Overview and Architecture. This standard provides an
overview to the family of IEEE 802 Standards. This document
forms part of the IEEE Std 802.1 scope of work.

1The IEEE standards referred to in the above figure and list are trademarks owned bythe Institute of Electrical and Electronics
Engineers, Incorporated.
2The IEEE 802 Architecture and Overview Specification, originally known as IEEE Std 802.1A, has been renumbered as IEEE Std 802.
This has been done to accommodate recognition of the base standard in a family ofstandards. References to IEEE Std 802.1A should be
considered as references to IEEE Std 802.

* Formerly IEEE Std 802.1A™.
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• IEEE Std 802.1B™ LAN/MAN Management. Defines an Open Systems 

and 802.1K™ Interconnection (OSI) management-compatible architecture,

[ISO/IEC 15802-2]: and services and protocol elements for use in a LAN/MAN 

environment for performing remote management.

• IEEE Std 802.1D™ Media Access Control (MAC) Bridges. Specifies an 

architecture and protocol for the [ISO/IEC 15802-3]:

interconnection of IEEE 802 LANs below the MAC service 

boundary.

• IEEE Std 802.1E™ System Load Protocol. Specifies a set of services and protocol 

[ISO/IEC 15802-4]: for those aspects of management concerned with the loading of 

systems on IEEE 802 LANs.

• IEEE Std 802.1F™ Common Definitions and Procedures for IEEE 802 

Management Information.

• IEEE Std 802.1G™ Remote Media Access Control (MAC) Bridging. Specifies

[ISO/IEC 15802-5]: extensions for the interconnection, using non-LAN systems 

communication technologies, of geographically separated 

IEEE 802 LANs below the level of the logical link control 

protocol.

• IEEE Std 802.1H™ Recommended Practice for Media Access Control (MAC)

[ISO/IEC TR 11802-5] Bridging of Ethernet V2.0 in IEEE 802 Local Area Networks.

• IEEE Std 802.1Q™ Virtual Bridged Local Area Networks. Defines an architecture 

for Virtual Bridged LANs, the services provided in Virtual 

Bridged LANs, and the protocols and algorithms involved in 

the provision of those services.

• IEEE Std 802.2 [ISO/IEC 8802-2]: Logical Link Control.

• IEEE Std 802.3 [ISO/IEC 8802-3]: CSMA/CD Access Method and Physical Layer Specifications.

• IEEE Std 802.4 [ISO/IEC 8802-4]: Token Bus Access Method and Physical Layer Specifications.

• IEEE Std 802.5 [ISO/IEC 8802-5]: Token Ring Access Method and Physical Layer Specifications.

• IEEE Std 802.6 [ISO/IEC 8802-6]: Distributed Queue Dual Bus Access Method and Physical 

Layer Specifications.

• IEEE Std 802.10: Interoperable LAN/MAN Security. Currently approved: Secure 

Data Exchange (SDE).

• IEEE Std 802.11: Wireless LAN Medium Access Control (MAC) Sublayer and

[ISO/IEC 8802-11] Physical Layer Specifications.

• IEEE Std 802.12: Demand Priority Access Method, Physical Layer and Repeater

[ISO/IEC 8802-12] Specification.

• IEEE Std 802.15: Wireless Medium Access Control (MAC) and Physical Layer

(PHY) Specifications for: Wireless Personal Area Networks.
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• IEEE Std 802.16: Air Interface for Fixed Broadband Wireless Access Systems.

• IEEE Std 802.17™: Resilient Packet Ring Access Method and Physical Layer

Specifications.

In addition to the family of standards, the following is a recommended practice for a common physical layer

technology:

• IEEE Std 802.7™: IEEE Recommended Practice for Broadband Local Area 

Networks.

The reader of this standard is urged to become familiar with the complete family of standards.

Conformance test methodology 

An additional standards series, identified by the number 1802™, has been established to identify the

conformance test methodology documents for the IEEE 802 family of standards. For example, the

conformance test documents for IEEE 802.3 are numbered 1802.3™.

Interpretations and errata

Interpretations and errata associated with this standard may be found at one of the following Internet

locations:

— http://standards.ieee.org/reading/ieee/interp/

— http://standards.ieee.org/reading/ieee/updates/errata/

One such interpretation exists at the time of publication.

Participants

This document was developed by the IEEE 802.16 Working Group on Broadband Wireless Access, which

is responsible for Wireless Metropolitan Area Network (WirelessMAN™) Standards. The 802.16 Working

Group had the following officers:

Roger B. Marks, Chair

Brian G. Kiernan, Vice Chair

Carl J. Bushue, Secretary

Louis Olsen served as Working Group Vice Chair during the initial development of this document, until

September 2000. J. Scott Marin served as Secretary during the draft’s development until December 2000.

Primary development was carried out by the Working Group’s Task Group 1. The IEEE 802.16 Task

Group 1 had the following officers:

Roger B. Marks, Chair

Carl Eklund, MAC Chair

Jay Klein, PHY Chair
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The document finalization was overseen by an Editorial Committee. The IEEE 802.16 Task Group 1

Editorial Committee had the following officers:

Roger B. Marks, Technical Editor

Carl Eklund, Ken Stanwood, Stanley Wang, Lead MAC Editors

Jay Klein, Lars Lindh, Lead PHY Editors

Phil Guillemette, Wayne Hunter, Sergio Licardie, Ron Meyer, Vicente Quilez, Karl Stambaugh, Vladimir 

Yanover, and Juan Carlos Zúñiga made significant contributions to the draft as members of the Editorial 

Committee. Glen Sater served as editor in readying the document for Working Group Lettter Ballot, with 

contributions by Jeffrey Foerster. Earlier, Brian Petry and James Mollenauer served as editors. For a period, 

Jung Yee served as MAC Chair and John Liebetreu as PHY Vice Chair. Brian Petry served as editor of the 

Functional Requirements Document on which this standard was developed; George Fishel chaired the 

development of that document. Juan Carlos Zúñiga, Phil Guillemette, Ron Meyer, and Nico van Waes served 

as secretaries.

Technical contributions to the document came from many individuals. The Lead Editors were the primary 

architects of the technical development.
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IEEE Standard for
Local and metropolitan area networks

Part 16: Air Interface for Fixed 

Broadband Wireless Access Systems

1. Overview

1.1 Scope

This standard specifies the air interface, including the medium access control layer (MAC) and physical

layer (PHY), of fixed point-to-multipoint broadband wireless access (BWA) systems providing multiple

services. The MAC is structured to support multiple PHY specifications, each suited to a particular

operational environment.

For the purposes of this document, a “system” consists of an IEEE Std 802.16™-2001 MAC and PHY

implementation with at least one subscriber station communicating with a base station via a

point-to-multipoint air interface, along with the interfaces to external networks and services transported by

the MAC and PHY.

1.2 Purpose

This standard is intended to enable rapid worldwide deployment of innovative, cost-effective, and

interoperable multivendor broadband wireless access products, to facilitate competition in broadband access

by providing alternatives to wireline broadband access, to facilitate coexistence studies, to encourage

consistent worldwide allocation, and to accelerate the commercialization of broadband wireless access

spectrum.

The applications depend on the spectrum to be used. The primary bands of interest are as follows:

1.2.1 10–66 GHz licensed bands

The 10–66 GHz bands provide a physical environment where, due to the short wavelength, line of sight is

required and multipath is negligible. The channels used in this physical environment are typically large. For

example, channels 25 or 28 MHz wide are typical. With raw data rates in excess of 120 Mbit/s, this

environment is well suited for point-to-multipoint access serving applications from small office/home office

(SOHO) through medium to large office applications.

1.2.2 2–11 GHz

This work is in development under IEEE Standards Association Project P802.16a™.
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1.3 Reference model

Figure 1 illustrates the reference model and scope of this standard.

The MAC comprises three sublayers. The Service Specific Convergence Sublayer (CS) provides any

transformation or mapping of external network data, received through the CS service access point (SAP),

into MAC SDUs received by the MAC Common Part Sublayer (MAC CPS) through the MAC SAP. This

includes classifying external network Service Data Units (SDUs) and associating them to the proper MAC

service flow and Connection Identifier (CID). It may also include such functions as payload header

suppression. 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 parse any information from the CS payload.

The MAC CPS provides the core MAC functionality of system access, bandwidth allocation, connection

establishment, and connection maintenance. It receives data from the various 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 Privacy 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.

The PHY may include multiple specifications, each appropriate to a particular frequency range and

application. The various physical layer specifications supported are discussed in Clause 8.

Figure 1—IEEE Std 802.16-2001 protocol layering, 

showing service access points (SAPs)
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3. Definitions

For the purposes of this standard, the following terms and definitions apply. The IEEE 100, The

Authoritative Dictionary of IEEE Standards Terms, Seventh Edition [B4]10, should be referenced for terms

not defined in this clause.

3.1 bandwidth stealing: The use, by a subscriber station operating on a grant per subscriber station basis,

of a portion of the bandwidth allocated in response to a bandwidth request for a connection to send another

bandwidth request rather than sending data. See also: grant per subscriber station.

3.2 base station (BS): A generalized equipment set providing connectivity, management, and control of the

subscriber station.

3.3 Basic Connection: Connection that is established during initial subscriber station registration and that

which is used to transport delay-intolerant MAC management messages.

3.4 broadband: Having instantaneous bandwidths greater than around 1 MHz and supporting data rates

greater than about 1.5 Mbit/s.

3.5 broadband wireless access (BWA): Wireless access in which the connection(s) capabilities are

broadband.

3.6 burst profile: Set of parameters that describe the uplink or downlink transmission properties associated

with an interval usage code. Each profile contains parameters such as modulation type, forward error

correction type, preamble length, guard times, etc. See also: interval usage code.

3.7 byte: Throughout this standard, one byte is 8 bits.

3.8 Channel Identifier (ChID): An identifier used to distinguish between multiple uplink channels, all of

which are associated with the same downlink channel.

3.9 concatenation: The act of combining multiple medium access control (MAC) protocol data units

(PDUs) into a single time division multiplex (TDM) or time division multiple access (TDMA) burst.

3.10 connection: A unidirectional mapping between base station and subscriber station medium access

control (MAC) peers for the purpose of transporting a service flow’s traffic. Connections are identified by a

connection identifier (CID). All traffic is carried on a connection, even for service flows that implement

connectionless protocols, such as internet protocol (IP). See also: connection identifier.

3.11 Connection Identifier (CID): A unidirectional, medium access control layer address that identifies a

connection to equivalent peers in the medium access control layer of the base station and subscriber station.

It maps to a service flow identifier (SFID), which defines the quality of service (QoS) parameters of the

service flow associated with that connection. Security associations also exist between keying material and

CIDs. See also: service flow identifier.

3.12 downlink: The direction from the base station to the subscriber station.

3.13 Downlink Channel Descriptor (DCD): A medium access control layer message that describes the

physical layer characteristics of a downlink channel.

3.14 Downlink Interval Usage Code (DIUC): An interval usage code (IUC) specific to a downlink. See

also: interval usage code.

10The numbers in brackets correspond to those of the bibliography in Annex A.
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3.15 downlink map (DL-MAP): A medium access control layer message that defines burst start times for

both time division multiplex and time division multiple access by a subscriber station on the downlink.

3.16 dynamic service: The set of messages and protocols that allow the base station and subscriber station

to add, modify, or delete the characteristics of a service flow.

3.17 fixed wireless access: Wireless access application in which the location of the base station and

subscriber station are fixed in location during operation.

3.18 frame: A structured data sequence of fixed duration used by some physical layer specifications. A

frame may contain both an uplink subframe and a downlink subframe.

3.19 frequency division duplex (FDD): A duplex scheme in which uplink and downlink transmissions use

different frequencies but are typically simultaneous.

3.20 grant per connection (GPC): A bandwidth allocation method in which grants are allocated to a

specific connection within a subscriber station. Note that bandwidth requests are always made for a

connection.

3.21 grant per subscriber station (GPSS): A bandwidth allocation method in which grants are aggregated

for all connections within a subscriber station and are allocated to the subscriber station as that aggregate.

Note that bandwidth requests are always made for a connection.

3.22 information element (IE): A component of the downlink or uplink map that defines the starting

address associated with an interval usage code (IUC). See also: interval usage code.

3.23 Initial Ranging Connection Identifier: A well-defined connection identifier that is used by a

subscriber station during the initial ranging process. This Connection Identifier (CID) is defined as constant

value within the protocol since a subscriber station has no addressing information available until the initial

ranging process is complete.

3.24 Interval Usage Code (IUC): A code identifying a particular burst profile that can be used by a down-

link or uplink transmission interval.

3.25 management connection: A connection that is established during initial subscriber station registration

that is used to transport delay-tolerant medium access control management messages.

3.26 minislot: A unit of uplink bandwidth allocation equivalent to n physical slots, where n = 2m and m is an

integer ranging from 0 through 7.

3.27 multicast polling group: A group of zero or more subscriber stations that are assigned a multicast

address for the purposes of polling.

3.28 packing: The act of combining multiple service data units from a higher layer into a single medium

access control protocol data unit.

3.29 payload header suppression (PHS): The process of suppressing the repetitive portion of payload

headers at the sender and restoring the headers at the receiver.

3.30 Payload Header Suppression Field (PHSF): A string of bytes representing the header portion of a

protocol data unit in which one or more bytes are to be suppressed (i.e., a snapshot of the uncompressed

protocol data unit header inclusive of suppressed and unsuppressed bytes).

3.31 Payload Header Suppression Index (PHSI): An 8-bit mask that indicates which bytes in the payload

header suppression field to suppress and which bytes to not suppress.
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3.32 Payload Header Suppression Size (PHSS): The length of the suppressed field in bytes. This value is

equivalent to the number of bytes in the payload header suppression field and also the number of valid bits in

the payload header suppression mask.

3.33 Payload Header Suppression Valid (PHSV): A flag that tells the sending entity to verify all bytes that

are to be suppressed.

3.34 physical slot (PS): A unit of time, dependent on the physical layer specification, for allocating

bandwidth 

3.35 privacy key management protocol (PKM): A client/server model between the base station and

subscriber station that is used to secure distribution of keying material.

3.36 protocol data unit (PDU): The data unit exchanged between peer entities of the same protocol layer.

On the downward direction, it is the data unit generated for the next lower layer. On the upward direction, it

is the data unit received from the previous lower layer (see Figure 2).

3.37 security association (SA): The set of security information a base station and one or more of its client

subscriber stations share in order to support secure communications. This shared information includes traffic

encryption keys and cipher block chaining initialization vectors.

3.38 Security Association Identifier (SAID): An identifier shared between the base station and subscriber

station that uniquely identifies a security association.

3.39 service access point (SAP): The point in a protocol stack where the services of a lower layer are

available to its next higher layer.

3.40 service data unit (SDU): The data unit exchanged between two adjacent protocol layers. On the

downward direction, it is the data unit received from the previous higher layer. On the upward direction, it is

the data unit sent to the next higher layer (see Figure 2).

Figure 2—PDU and SDU in a protocol stack
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3.41 service flow (SF): A unidirectional flow of medium access control service data units on a connection

that is provided a particular quality of service.

3.42 service flow class: A grouping of service flow properties to allow higher layer entities and external

applications to request service flows with desired quality of service (QoS) parameters in a globally

consistent way.

3.43 Service Flow Identifier (SFID): A 32-bit quantity that uniquely identifies a service flow to both the

subscriber station and base station.

3.44 service flow name: An ASCII string that is used to reference a set of quality of service (QoS)

parameters that (partially) define a service flow.

3.45 subscriber station (SS): A generalized equipment set providing connectivity between subscriber

equipment and a base station.

3.46 time division duplex (TDD): A duplex scheme where uplink and downlink transmissions occur at

different times but may share the same frequency.

3.47 time division multiple access (TDMA) burst: A contiguous portion of the uplink or downlink using

physical layer parameters, determined by the downlink or uplink interval usage code, that remain constant

for the duration of the burst. TDMA bursts are separated by preambles and are separated by gaps in

transmission if subsequent bursts are from different transmitters.

3.48 time division multiplex (TDM) burst: A contiguous portion of a time division multiplex (TDM) data

stream using physical layer parameters, determined by the downlink interval usage code, that remain

constant for the duration of the burst. TDM bursts are not separated by gaps or preambles.

3.49 Transport Connection Identifier: A unique identifier taken from the connection identifier address

space that uniquely identifies the transport connection.

3.50 transport connection: A connection used to transport user data.

3.51 type/length/value (TLV): A formatting scheme that adds a tag to each transmitted parameter

containing the parameter type (and implicitly its encoding rules) and the length of the encoded parameter.

3.52 uplink: The direction from a subscriber station to the base station.

3.53 Uplink Channel Descriptor (UCD): A medium access control message that describes the physical

layer characteristics of an uplink.

3.54 Uplink Interval Usage Code (UIUC): An interval usage code specific to an uplink.

3.55 uplink map (UL-MAP): A set of information that defines the entire access for a scheduling interval.

3.56 wireless access: End-user radio connection(s) to core networks.

4. Abbreviations and acronyms

3-DES triple data encryption standard

AK authorization key

ARP address resolution protocol

ARQ automatic repeat request

ATDD adaptive time division duplexing

ATM asynchronous transfer mode
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BCC block convolutional code

BE best effort

BNI base station network interface

BR bandwidth request

BS base station

BTC block turbo code

BWA broadband wireless access

C/(I+N) carrier-to/(interference plus noise) ratio

C/I carrier-to-interference ratio

C/N carrier-to-noise ratio

CA certification authority

CBC cipher block chaining

CC confirmation code

CCS common channel signaling

CCV clock comparison value

CEPT European Conference of Postal and Telecommunications Administrations

CG continuous grant

ChID Channel Identifier

CID Connection Identifier

CLP Cell Loss Priority

CPS common part sublayer

CRC cyclic redundancy check

CS convergence sublayer

DAMA demand assigned multiple access

DCD Downlink Channel Descriptor

DES data encryption standard

DHCP dynamic host configuration protocol

DIUC Downlink Interval Usage Code

DL downlink

DSA dynamic service addition

DSC dynamic service change

DSCP differentiated services codepoint

DSD dynamic service deletion

DSx dynamic service addition, change, or deletion

EC encryption control

ECB electronic code book

EDE encrypt-decrypt-encrypt

EIRP effective isotropic radiated power

EKS encryption key sequence

ETSI European Telecommunications Standards Institute

EUI extended unique identifier

EVM error vector magnitude

FC fragmentation control

FDD frequency division duplex

FEC forward error correction

FIPS Federal Information Processing Standard

FSH fragmentation subheader

FSN fragment sequence number

GF Galois field

GM grant management

GPC grant per connection

GPSS grant per subscriber station

HCS header check sequence

HEC header error check
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HMAC Hashed Message Authentication Code

HT header type

IANA Internet Assigned Numbers Authority

IE information element

IETF Internet Engineering Task Force

IGMP Internet Group Management Protocol

IP Internet Protocol

ITU International Telecommunications Union

IUC Interval Usage Code

IWF interworking function

KEK key encryption key

LAN local area network

LFSR linear feedback shift registers

LLC logical link control

LMDS local multipoint distribution service

lsb least significant bit

LSB least significant byte

MAC medium access control layer

MAN metropolitan area network

MIB management information base

MIC message integrity check

MMDS multichannel multipoint distribution service

MPEG Moving Pictures Experts Group

MPLS multiprotocol label switching

msb most significant bit

MSB most significant byte

NNI network-to-network interface (or network node interface)

nrtPS non-real-time polling service

OID object identifier

PBR piggyback request

PDH plesiochronous digital hierarchy

PDU protocol data unit

PHS Payload Header Suppression

PHSF Payload Header Suppression Field

PHSI Payload Header Suppression Index

PHSM Payload Header Suppression Mask

PHSS Payload Header Suppression Size

PHSV Payload Header Suppression Valid

PHY physical layer

PKM privacy key management

PM poll-me bit

PMD physical medium dependent

ppm parts per million

PPP Point-to-Point Protocol

PS physical slot

PSH Packing Subheader

PTI Payload Type Indicator

PVC Permanent Virtual Circuit

QAM quadrature amplitude modulation

QoS Quality of Service

QPSK quadrature phase-shift keying

RS Reed–Solomon

RSSI receive signal strength indicator

rtPS real-time polling service
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Rx reception

SA security association

SAID security association identifier

SAP service access point

SCTE Society of Cable Telecommunications Engineers

SDH Synchronous Digital Hierarchy

SDU service data unit

SF service flow

SFID Service Flow Identifier

SHA secure hash algorithm 

SI slip indicator

SNMP Simple Network Management Protocol

SS subscriber station

SVC Switched Virtual Circuit

TC transmission convergence sublayer

TCP Transmission Control Protocol

TDD time division duplex

TDM time division multiplex

TDMA time division multiple access

TEK traffic encryption key

TFTP Trivial File Transfer Protocol

TLV type-length-value

Tx transmission

UCD Uplink Channel Descriptor

UDP User Datagram Protocol

UGS unsolicited grant service

UIUC Uplink Interval Usage Code

UL uplink

UNI user-to-network interface

UTC Coordinated Universal Time

VC virtual channel

VCI virtual channel identifier

VLAN virtual local area network

VP virtual path

VPI Virtual Path Identifier

XOR exclusive or

5. Service specific convergence sublayer

The service specific convergence sublayer (CS) resides on top of the MAC CPS and utilizes, via the MAC

SAP, the services provided by the MAC CPS (see Figure 1). The CS performs the following functions:

— accepting higher-layer PDUs from the higher layer

— performing classification of higher-layer PDUs

— processing (if required) the higher-layer PDUs based on the classification

— delivering CS PDUs to the appropriate MAC SAP

— receiving CS PDUs from the peer entity

Currently, two CS specifications are provided: the asyncronous transfer mode (ATM) CS and the packet CS.

Other CSs may be specified in the future.

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 01:57:08 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 802.16-2001

http://www.avadocuments.com/doc/ieee-802-16-2001
http://www.avadocuments.com/doc/ieee-802-16-2001


IEEE Std 802.16-2001 LOCAL AND METROPOLITAN AREA NETWORKS—PART 16:

12 Copyright © 2002 IEEE. All rights reserved.

5.1 ATM convergence sublayer

The ATM CS is a logical interface that associates different ATM services with the MAC CPS SAP. The ATM

CS accepts ATM cells from the ATM layer, performs classification and, if provisioned, payload header

suppression (PHS), and delivers CS PDUs to the appropriate MAC SAP.

5.1.1 Convergence sublayer service definition

The ATM CS is specifically defined to support the convergence of PDUs generated by the ATM layer

protocol of an ATM network. Since ATM cell streams are generated according to the ATM standards, no

ATM CS service primitive is required.

5.1.2 Data/Control plane

5.1.2.1 PDU formats

The ATM CS PDU shall consist of an ATM CS PDU Header, defined in Table 1, and the ATM CS PDU

payload. The ATM CS PDU payload shall be equal to the ATM cell payload. The ATM CS PDU is

illustrated in Figure 3.

Table 1—ATM CS PDU Header

Syntax Size Notes

ATM_CS_PDU_Header (){

if (no PHS) {

ATM_Header 40 bits The full ATM cell header

}

else if (VP switched) {

PTI 3 bits From the ATM cell header

CLP 1 bit From the ATM cell header

reserved 4 bits

VCI 16 bits From the ATM cell header

}

else (VC switched) {

PTI 3 bits From the ATM cell header

CLP 1 bit From the ATM cell header

reserved 4 bits

}

}

ATM CS PDU Payload (48 bytes)

Figure 3—ATM CS PDU format 

ATM CS PDU 
Header
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5.1.2.2 Classification

An ATM connection, which is uniquely identified by a pair of values of Virtual Path Identifier (VPI) and

Virtual Channel Identifier (VCI), is either Virtual Path (VP) switched or Virtual Channel (VC) switched. In

VP-switched mode, all VCIs within one single incoming VPI are automatically mapped to that of an

outgoing VPI. In VC-switched mode, input VPI/VCI values are individually mapped to output VPI/VCI

values. Thus, when performing PHS, the ATM CS differentiates these two types of connections and

performs the suppression accordingly.

A classifier is a set of matching criteria applied to each ATM cell entering the ATM CS. It consists of some

ATM cell matching criteria, such as VPI and VCI, and a reference to a CID. If an ATM cell matches the

specified matching criteria, it is delivered to the MAC SAP for delivery on the connection identified by the

CID.

5.1.2.2.1 VP-switched mode

For VP-switched mode, the VPI field, 12 bits for a network-to-network interface (NNI) and 8 bits for a

user-to-network interface (UNI), is mapped to the 16-bit CID for the MAC connection on which it is

transported. Since the QoS and category of service parameters for the connection are set at connection

establishment, this mapping of VPI to CID guarantees the correct handling of the traffic by the MAC

sublayer.

5.1.2.2.2 VC-switched mode

For VC switched mode, the VPI and VCI fields, 28 bits total for an NNI and 24 bits total for a UNI, are

mapped to the 16-bit CID for the MAC connection on which it is transported. Since the QoS and category of

service parameters for the connection are set at connection establishment, this mapping of VPI and VCI to

CID guarantees the correct handling of the traffic by the MAC sublayer. Note that the full range of VPI/VCI

combinations (up to 228 for NNI and 224 for UNI) cannot be simultaneously supported in this mode.

5.1.2.3 Payload header suppression

In payload header suppression (PHS), a repetitive portion of the payload headers of the CS SDUs is

suppressed by the sending entity and restored by the receiving entity. On the downlink, the sending entity is

the ATM CS on the base station (BS) and the receiving entity is the ATM CS on the SS. On the uplink, the

sending entity is the ATM CS on the SS, and the receiving entity is the ATM CS on the BS. To further save

bandwidth, multiple ATM cells (with or without PHS) that share the same CID may be packed and carried

by a single MAC CPS PDU. Note that when PHS is turned off, no part of any ATM cell header including

Header Error Check (HEC) field shall be suppressed. This provides an option for protecting the integrity of

the cell header. Whether or not PHS is applied to an ATM connection is signaled in the DSA-REQ message

at the connection’s creation. Similarly, the VPI (for VP-switched connections) or the VPI/VCI (for

VC-switched connections) is also signaled in the classifier settings of the DSA-REQ message at connection

creation.

5.1.2.3.1 PHS for VP-switched ATM connections

In VP switched mode, the VPI is mapped to a CID. This allows the disposal of the remainder of the ATM

cell header except for the VCI, payload type indicator (PTI), and cell loss priority (CLP) fields. These fields

shall be encapsulated in the CS PDU header.

Figure 4 shows a CS PDU containing a single VP-switched ATM cell with the cell header suppressed and

the format of the ATM CS PDU Header for VP-switched ATM connections.
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5.1.2.3.2 PHS for VC-switched ATM connections

In VC-switched mode, the VPI/VCI combination is mapped to a CID. This allows the disposal of the

remainder of the ATM cell header except for the PTI and CLP fields. These fields shall be encapsulated in

the CS PDU Header.

Figure 5 shows a CS PDU containing a single VC-switched ATM cell with the cell header suppressed and

the format of the ATM CS PDU header for VC-switched ATM connections.

5.1.2.4 Signaling procedure

ATM interfaces support three types of connections, switched virtual circuit (SVC), permanent virtual circuit

(PVC), and soft permanent virtual circuit (soft PVC). SVCs are established and terminated dynamically on

demand by the use of signaling. The word “permanent” signifies that the circuit is established

administratively. Although both PVC and soft PVC are established administratively, PVCs are established

by provisioning process, and soft PVCs are established by the use of signaling.

ATM networks use common channel signaling (CCS), where signaling messages are carried over a

connection completely independent of user connections and where one signaling channel can carry signaling

messages for a number of user connections. Per nonassociated signaling (ATM as-sig-0061.000), by default,

the signaling channel on VPI=0 controls all VPs on the same physical interface. In other words, except when

the optional proxy signaling capability (Annex 2 of ATM as-sig-0061.000) or when the optional Virtual UNI

capability (Annex 8 of ATM as-sig-0061.000) is used, the signaling channel is identified by VPI=0 and

VCI=5. Note that this specification does not support associated signaling (ATM af-uni-0010.002), where

VCI=5 of each VP is used as the signaling channel for all VCs on the same VP. In addition, this specification

does not support either proxy signaling or virtual UNI.

To establish an SVC, it is the responsibility of the calling party to initiate the signaling procedure by issuing

the appropriate signaling messages. Either end can establish or release the SVC. Details on how to use these

Figure 4—CS PDU format for VP-switched ATM connections

PTI
(3 bits)

CLP
(1 bit)

reserved
(4 bits)

VCI
(16 bits)

ATM CS
Header

ATM Cell Payload (48 bytes)

Figure 5—CS PDU format for VC-switched ATM connections

PTI
(3 bits)

CLP
(1 bit)

reserved
(4 bits)

ATM CS
Header

ATM Cell Payload (48 bytes)
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signaling messages are available in ATM as-sig-0061.000. It shall be the responsibility of the

implementation of the BS to map ATM signaling messages to corresponding MAC CPS service primitives.

To establish a soft PVC, the network management system provisions one end of the soft PVC with the

address identifying the egress ATM interface of the ATM network. The calling end has the responsibility for

establishing and releasing the connection. It is also the responsibility of the calling party (if necessary) to

reestablish the connection in case of switching system or link failure. It shall be the responsibility of the

implementation of the BS to map ATM signaling messages to corresponding MAC CPS service primitives.

On the downlink direction, the signaling starts at an “end user” of the ATM backhaul network that

implements an ATM UNI and terminates at the BS that shall implement either an ATM UNI or an ATM

NNI. The signaling may be mapped by an interworking function (IWF) and extended to some user network

on the SS-side. On the uplink direction, the signaling starts at the ATM interface of the BS and ends at the

ATM UNI of an “end user.” In addition, the signaling may be originated by an “end user” of some user

network and mapped by the IWF. Note that mapping of data units carried by the air link shall be limited to

only cell-level convergence (5.1.2.2). If required by a user network, other levels of mappings (e.g., the

convergence of, say, an Ethernet packet to ATM cells) shall be handled by the user network’s IWF

exclusively.

During the provisioning process, each SS joining the IEEE Std 802.16-2001 system shall request a dedicated

CID as the signaling connection corresponding to the CCS connection used by ATM networks. Any CID

provisioned for this purpose shall not be dynamically changed or terminated. Each IEEE Std 802.16-2001

system shall provision a set of CIDs for this purpose.

5.2 Packet convergence sublayer

The packet CS resides on top of the IEEE Std 802.16-2001 MAC CPS layer. The CS performs the following

functions, utilizing the services of the MAC sublayer:

a) Classification of the higher-layer protocol PDU into the appropriate connection

b) Suppression of payload header information (optional)

c) Delivery of the resulting CS PDU to the MAC SAP associated with the service flow for transport to

the peer MAC SAP

d) Receipt of the CS PDU from the peer MAC SAP

e) Rebuilding of any suppressed payload header information (optional)

The sending CS is responsible for delivering the MAC SDU to the MAC SAP. The MAC is responsible for

delivery of the MAC SDU to peer MAC SAP in accordance with the QoS, fragmentation, concatenation and

other transport functions associated with a particular connection’s service flow characteristics. The receiving

CS is responsible for accepting the MAC SDU from the peer MAC SAP and delivering it to a higher-layer

entity.

The packet CS is used for transport for all packet-based protocols such as internet protocol (IP),

point-to-point protocol (PPP), and IEEE Std 802.3 (Ethernet).

5.2.1 MAC SDU format

Higher-layer PDUs shall be encapsulated in the MAC SDU format as illustrated in Figure 6. For some

payload protocols, each payload consists of an 8-bit payload header suppression index (PHSI) field followed

by the actual payload. Other protocols map the higher layer PDU directly to the MAC SDU. A value of zero

in the PHSI indicates no payload header suppression has been applied to the PDU. Otherwise, the value in

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 01:57:08 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 802.16-2001

http://www.avadocuments.com/doc/ieee-802-16-2001
http://www.avadocuments.com/doc/ieee-802-16-2001


IEEE Std 802.16-2001 LOCAL AND METROPOLITAN AREA NETWORKS—PART 16:

16 Copyright © 2002 IEEE. All rights reserved.

the index identifies the rules for suppression. This index is mapped to equivalent rules at BS and SS peers to

allow for reconstruction of suppressed information.

5.2.2 Classification

Classification is the process by which a MAC SDU is mapped onto a particular connection for transmission

between MAC peers. The mapping process associates a MAC SDU with a connection, which also creates an

association with the service flow characteristics of that connection. This process facilitates the delivery of

MAC SDUs with the appropriate QoS constraints.

A classifier is a set of matching criteria applied to each packet entering the IEEE Std 802.16-2001 network.

It consists of some protocol-specific packet matching criteria (destination IP address, for example), a

classifier priority, and a reference to a CID. If a packet matches the specified packet matching criteria, it is

then delivered to the SAP for delivery on the connection defined by the CID. The service flow

characteristics of the connection provide the QoS for that packet.

Several classifiers may each refer to the same service flow. The classifier priority is used for ordering the

application of classifiers to packets. Explicit ordering is necessary because the patterns used by classifiers

may overlap. The priority need not be unique, but care shall be taken within a classifier priority to prevent

ambiguity in classification. Downlink classifiers are applied by the BS to packets it is transmitting and

uplink classifiers are applied at the SS. Figure 7 and Figure 8 illustrate the mappings discussed above.

It is possible for a packet to fail to match the set of defined classifiers. In this case, the CS may either

associate the packet with a default CID or discard the packet. The action taken is vendor specific.

Figure 6—MAC SDU Format

MAC SDU

PHSI
Packet PDU

(optional)
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5.2.3 Classification within the CS

SS and BS packet classification consists of multiple classifiers. Each classifier contains a priority field

which determines the search order for the classifier. The highest priority classifier shall be applied first. If a

classifier is found in which all parameters match the packet, the classifier shall forward the packet to the

Figure 7—Classification and CID mapping (BS to SS)
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Figure 8—Classification and CID mapping (SS to BS)
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corresponding connection(s). If no classifier is found in which all parameters match the packet then the

packet is delivered under vendor or operator specific conditions. Two actions may be performed: the packet

may be delivered using a “default” connection, or the packet may be discarded.

Classifiers can be added to the table either via network management operations or via dynamic operations

(dynamic signaling, IEEE Std 802.16-2001 MAC sublayer service interface). Simple Network Management

Protocol (SNMP)-based operations can view classifiers that are added via dynamic operations, but they shall

not modify or delete classifiers that are created by dynamic operations. The format for classification table

parameters defined in the configuration file or dynamic signaling message is contained in 11.4.9.3.

Typically, an outgoing user data packet is submitted by an upper-layer protocol (such as the forwarding

bridge of an SS) for transmission on the MAC interface. The packet is compared against a set of classifiers.

The matching classifier for the packet identifies the corresponding service flow via the service flow ID

(SFID). In the case where more than one classifier matches the packet, the highest priority classifier is

chosen.

The classifier matching a packet may be associated with a payload header suppression rule. A PHS rule

provides details on how header bytes of a packet PDU may be omitted, replaced with a PHSI for

transmission, and subsequently regenerated at the receiving end. PHS rules are indexed by the combination

of {SFID, PHSI}. When a service flow is deleted, all classifiers and any associated PHS rules referencing it

shall also be deleted.

5.2.4 Payload header suppression 

In payload header suppression (PHS), a repetitive portion of the payload headers of the higher layer is

suppressed in the MAC SDU by the sending entity and restored by the receiving entity. On the uplink, the

sending entity is the SS and the receiving entity is the BS. On the downlink, the sending entity is the BS and

the receiving entity is the SS. Each MAC SDU is prefixed with a PHSI, which references the payload header

suppression field (PHSF).

The sending entity uses classifiers to map packets into a service flow. The classifier uniquely maps packets

to its associated PHS Rule. The receiving entity uses the CID and the PHSI to restore the PHSF. Once a

PHSF has been assigned to a PHSI, it shall not be changed. To change the value of a PHSF on a service flow,

a new PHS rule shall be defined, the old rule is removed from the service flow, and the new rule is added.

When a classifier is deleted, any associated PHS rule shall also be deleted.

PHS has a payload header suppression valid (PHSV) option to verify or not verify the payload header before

suppressing it. PHS has also a payload header suppression mask (PHSM) option to allow select bytes not to

be suppressed. This is used for sending bytes that change, such as IP sequence numbers, while still

suppressing bytes that do not change.

The BS shall assign all PHSI values just as it assigns all CID values. Either the sending or the receiving

entity shall specify the PHSF and the payload header suppression size (PHSS). This provision allows for

preconfigured headers or for higher-level signaling protocols outside the scope of this specification to

establish cache entries. PHS is intended for unicast service and is not defined for multicast service.

It is the responsibility of the higher-layer service entity to generate a PHS Rule which uniquely identifies the

suppressed header within the service flow. It is also the responsibility of the higher-layer service entity to

guarantee that the byte strings being suppressed are constant from packet to packet for the duration of the

active service flow.
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5.2.4.1 PHS operation

SS and BS implementations are free to implement PHS in any manner as long as the protocol specified in

this subclause is followed. Figure 9 illustrates the following procedure.

A packet is submitted to the packet CS. The SS applies its list of Classifier rules. A match of the rule shall

result in an Uplink Service Flow, CID, and a PHS Rule. The PHS Rule provides PHSF, PHSI, PHSM, PHSS,

and PHSV. If PHSV is set or not present, the SS shall compare the bytes in the packet header with the bytes

in the PHSF that are to be suppressed as indicated by the PHSM. If they match, the SS shall suppress all the

bytes in the Uplink PHSF except the bytes masked by PHSM. The SS shall then prefix the PDU with the

PHSI and present the entire MAC SDU to the MAC SAP for transport on the uplink.

When the packet is received by the BS, the BS shall determine the associated CID by examination of the

generic MAC header. The BS sends the PDU to the MAC SAP associated with that CID. The receiving

packet CS uses the CID and the PHSI to look up PHSF, PHSM, and PHSS. The BS reassembles the packet

and then proceeds with normal packet processing. The reassembled packet contains bytes from the PHSF. If

verification was enabled, then the PHSF bytes equal the original header bytes. If verification was not

enabled, then there is no guarantee that the PHSF bytes match the original header bytes.

A similar operation occurs on the downlink. The BS applies its list of Classifiers. A match of the Classifier

shall result in a Downlink Service Flow and a PHS Rule. The PHS Rule provides PHSF, PHSI, PHSM,

PHSS, and PHSV. If PHSV is set or not present, the BS shall verify the Downlink Suppression Field in the

packet with the PHSF. If they match, the BS shall suppress all the bytes in the Downlink Suppression Field

except the bytes masked by PHSM. The BS shall then prefix the PDU with the PHSI and present the entire

MAC SDU to the MAC SAP for transport on the downlink.

The SS shall receive the packet based upon the CID Address filtering within the MAC. The SS receives the

PDU and then sends it to the CS. The CS then uses the PHSI to lookup PHSF, PHSM, and PHSS. The SS

reassembles the packet and then proceeds with normal packet processing.
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Figure 9—Payload header suppression operation
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Figure 10 demonstrates packet suppression and restoration when using PHS masking. Masking allows only

bytes that do not change to be suppressed. Note that the PHSF and PHSS span the entire suppression field,

included suppressed and unsuppressed bytes.

5.2.4.2 PHS signaling

PHS requires the creation of the following three objects:

a) Service flow

b) Classifier

c) PHS rule

These three objects may be created either simultaneously or in separate message flows.

PHS Rules are created with dynamic service addition (DSA), or dynamic service change (DSC) messages.

The BS shall define the PHSI when the PHS Rule is created. PHS rules are deleted with the DSC or dynamic

service deletion (DSD) messages. The SS or BS may define the PHSS and PHSF. To change the value of a

PHSF on a service flow, a new PHS rule shall be defined, the old rule is removed from the service flow, and

the new rule is added.

Figure 11 shows the two ways to signal the creation of a PHS rule.

It is possible to partially specify a PHS rule (in particular the size of the rule) at the time a service flow is

created. As an example, it is likely that, when a service flow is first provisioned, the header fields to be

suppressed will be known. The values of some of the fields [e.g., IP addresses, user datagram protocol

(UDP) port numbers, etc.] may be unknown and would be provided in a subsequent DSC as part of the acti-

vation of the service flow (using the “Set PHS Rule” DSC Action). If the PHS rule is being defined in more

than one step, each step, whether it is a DSA or DSC message, shall contain both the service flow ID (or ref-

erence) and a PHS index to uniquely identify the PHS rule being defined.

Figure 10—Payload header suppression with masking
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5.2.5 IEEE Std 802.3/Ethernet specific part

5.2.5.1 IEEE Std 802.3/Ethernet CS PDU format

The IEEE Std 802.3/Ethernet PDUs are mapped to MAC SDUs according to Figure 12 (when header

suppression is not applied) or Figure 13 (with header suppression).

5.2.5.2 IEEE Std 802.3/Ethernet CS classifiers

The following parameters are relevant for IEEE Std 802.3/Ethernet CS classifiers:

Logical link control (LLC) classification parameters—zero or more of the LLC classification parameters

(destination MAC address, source MAC address, Ethertype/SAP).

For IP over IEEE 802.3/Ethernet, IP headers may be included in classification. In this case, the IP

classification parameters (11.4.9.3.6.2—11.4.9.3.6.7) are allowed.

Figure 11—Payload header suppression signaling example
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Figure 12—IEEE 802.3/Ethernet CS PDU format without header suppression
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Figure 13—IEEE 802.3/Ethernet CS PDU format with header suppression

PHSI≠0
IEEE 802.3/Ethernet PDU

Header-Suppressed

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 01:57:08 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 802.16-2001

http://www.avadocuments.com/doc/ieee-802-16-2001
http://www.avadocuments.com/doc/ieee-802-16-2001


AIR INTERFACE FOR FIXED BROADBAND WIRELESS ACCESS SYSTEMS IEEE Std 802.16-2001

Copyright © 2002 IEEE. All rights reserved. 23

5.2.6 IEEE Std 802.1Q-1998 VLAN specific part

This CS shall be employed when IEEE Std 802.1Q-1998 tagged VLAN frames are to be carried over the

IEEE Std 802.16-2001 network.

5.2.6.1 IEEE Std 802.1Q-1998 VLAN CS PDU format

The format of the IEEE Std 802.1Q-1998 VLAN CS PDU shall be as shown in Figure 14.

5.2.6.2 IEEE Std 802.1Q-1998 CS classifiers

The following parameters are relevant for IEEE Std 802.1Q-1998 CS classifiers:

LC classification parameters—zero or more of the LLC classification parameters (Destination MAC

address, source MAC address, Ethertype/SAP).

IEEE Std 802.1D-1998 Parameters—zero or more of the IEEE classification parameters

(IEEE Std 802.1D-1998 Priority Range, IEEE Std 802.1Q-1998 VLAN ID).

For IP over IEEE Std 802.1Q-1998 VLAN, IP headers may be included in classification. In this case, the IP

classification parameters (11.4.9.3.6.2—11.4.9.3.6.7) are allowed.

5.2.7 IP specific part

This subclause applies when IP (IETF RFC 791, IETF RFC 2460) is carried over the

IEEE Std 802.16-2001 network.

5.2.7.1 IP CS PDU format

The format of the IP CS PDU shall be as shown in Figure 15 (when header suppression is not applied) or

Figure 16 (with header suppression).

Figure 14—IEEE 802.1Q VLAN CS PDU format
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