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Abstract:  This standard specifies the air interface of fixed broadband wireless access (BWA) 
systems supporting multimedia services. The medium access control layer (MAC) supports a 
primarily point-to-multipoint architecture, with an optional mesh topology. The MAC is structured 
to support multiple physical layer (PHY) specifications, each suited to a particular operational 
environment. For operational frequencies from 10–66 GHz, the PHY is based on single-carrier 
modulation. For frequencies below 11 GHz, where propagation without a direct line of sight 
must be accommodated, three alternatives are provided, using OFDM, OFDMA, and single-
carrier modulation. This standard revises and consolidates IEEE Std 802.16-2001, IEEE Std 
802.16a™-2003, and IEEE Std 802.16c™-2002. 
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Introduction

This standard specifies the air interface of fixed broadband wireless access (BWA) systems supporting 
multimedia services. The medium access control layer (MAC) supports a primarily point-to-multipoint 
architecture, with an optional mesh topology. The MAC is structured to support multiple physical layer (PHY) 
specifications, each suited to a particular operational environment. For operational frequencies from 10–66 
GHz, the WirelessMAN-SC PHY, based on single-carrier modulation, is specified. For frequencies below 11 
GHz, where propagation without a direct line of sight must be accommodated, three alternatives are provided: 
WirelessMAN-OFDM (using orthogonal frequency-division multiplexing), WirelessMAN-OFDMA (using 
orthogonal frequency-division multiple access), and WirelessMAN-SCa (using single-carrier modulation). 
This standards revises and consolidates IEEE Standards 802.16-2001, 802.16a-2003, and 802.16c-2002.

Conformance test methodology 

The multipart conformance test documents for IEEE Standard 802.16 by “IEEE Standard 802.16/
ConformanceXX”. For example, the first part of the conformance specification for IEEE 802.16 is designated 
“IEEE Standard 802.16/Conformance01.”

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 with respect to the existence or 
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying 
patents or patent applications for which a license may be required to implement an IEEE standard or for 
conducting inquiries into the legal validity or scope of those patents that are brought to its attention. A patent 
holder or patent applicant has filed a statement of assurance that it will grant licenses under these rights 
without compensation or under reasonable rates and nondiscriminatory, reasonable terms and conditions to 
applicants desiring to obtain such licenses. The IEEE makes no representation as to the reasonableness of 
rates, terms, and conditions of the license agreements offered by patent holders or patent applicants. Further 
information may be obtained from the IEEE Standards Department.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http://
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for 
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

(This introduction is not part of IEEE Std 802.16-2004, IEEE Standard for Local and metropolitan area 
networks—Part 16: Air Interface for Fixed Broadband Wireless Access Systems.)
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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 revised standard specifies the air interface, including the medium access control layer and multiple 
physical layer specifications, of fixed BWA systems supporting multiple services. It consolidates IEEE Std 
802.16™, IEEE Std 802.16a™, and IEEE Std 802.16c™, retaining all modes and major features without 
adding modes. Content is added or revised to improve performance, ease deployment, or replace incorrect, 
ambiguous, or incomplete material, including system profiles.

1.2 Purpose

This standard enables rapid worldwide deployment of innovative, cost-effective, and interoperable multi-
vendor BWA products, facilitates competition in broadband access by providing alternatives to wireline 
broadband access, encourages worldwide spectrum allocation, and accelerates the commercialization of 
BWA systems.

1.3 Frequency bands

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

1.3.1 10–66 GHz licensed bands

The 10–66 GHz bands provide a physical environment where, due to the short wavelength, line-of-sight 
(LOS) is required and multipath is negligible. In the 10–66 GHz band, channel bandwidths of 25 MHz or 28 
MHz are typical. With raw data rates in excess of 120 Mb/s, this environment is well suited for PMP access 
serving applications from small office/home office (SOHO) through medium to large office applications.

The single-carrier modulation air interface specified herein for 10–66 GHz shall be known as the 
“WirelessMAN-SC®” air interface.
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1.3.2 Frequencies below 11 GHz

Frequencies below 11 GHz provide a physical environment where, due to the longer wavelength, 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.

Additional MAC features such as mesh topology and automatic repeat request (ARQ) are introduced.

1.3.3 License-exempt frequencies below 11 GHz (primarily 5–6 GHz)

The physical environment for the license-exempt bands below 11 GHz is similar to that of the licensed 
bands in the same frequency range, as described in 1.3.2. However, the license-exempt nature introduces 
additional interference and co-existence issues, whereas regulatory constraints limit the allowed radiated 
power. In addition to the features described in 1.3.2, the PHY and MAC introduce mechanisms such as 
dynamic frequency selection (DFS) to detect and avoid interference.

1.3.4 Air interface nomenclature and PHY compliance

Table 1 summarizes the nomenclature for the various air interface specifications in this standard.

All implementations of this standard shall comply with the requirements of Clause 6 and Clause 7.

Implementations of this standard for any applicable frequencies between 10 GHz and 66 GHz shall comply 
with the WirelessMAN-SC PHY as described in 8.1.

Table 1—Air interface nomenclature

Designation Applicability PHY
Additional

MAC
requirements

Options Duplexing
alternative

WirelessMAN-SC™ 10–66 GHz 8.1 TDD
FDD

WirelessMAN-SCa™ Below 11 GHz
licensed bands

8.2 AAS (6.3.7.6)
ARQ (6.3.4)
STC (8.2.1.4.3)

TDD
FDD

WirelessMAN-OFDM™ Below 11 GHz
licensed bands

8.3 AAS (6.3.7.6)
ARQ (6.3.4)
Mesh (6.3.6.6)
STC (8.3.8)

TDD
FDD

WirelessMAN-OFDMA Below 11 GHz
licensed bands

8.4 AAS (6.3.7.6)
ARQ (6.3.4)
STC (8.4.8)

TDD
FDD

WirelessHUMAN™ Below 11 GHz
license-exempt
bands

[8.2, 8.3,
or 8.4]
and 8.5

DFS (6.3.15) AAS (6.3.7.6)
ARQ (6.3.4)
Mesh (6.3.6.6)
(with 8.3 only)

STC (8.2.1.4.3/8.3.8/
8.4.8)

TDD
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Implementations of this standard for licensed frequencies below 11 GHz (such as those listed in B.1) shall 
either comply with the WirelessMAN-SCa PHY as described in 8.2, the WirelessMAN-OFDM PHY as 
described in 8.3, the WirelessMAN-OFDMA PHY as described in 8.4, or the WirelessMAN-SC PHY as 
described in 8.1 for licensed frequencies above 10 GHz.

Implementations of this standard for license-exempt frequencies below 11 GHz (such as those listed in B.1) 
shall comply with the WirelessMAN-SCa PHY as described in 8.2, the WirelessMAN-OFDM PHY as 
described in 8.3, or the WirelessMAN-OFDMA PHY as described in 8.4. They shall further comply with the 
DFS protocols (6.3.15) and with 8.5.

1.4 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 (CPS) through the MAC SAP. This includes 
classifying external network service data units (SDUs) and associating them to the proper MAC service flow 
identifier (SFID) and connection identifier (CID). 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 parse any information from the CS payload.

Figure 1—IEEE Std 802.16 protocol layering, showing SAPs
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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. An example of MAC CPS service definition is given in Annex C. 
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 definition includes multiple specifications, each appropriate to a particular frequency range and 
application. The various PHY specifications supported are discussed in Clause 8.
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3. Definitions

For the purposes of this standard, the following terms and definitions apply. The Authoritative Dictionary of 
IEEE Standards Terms, Seventh Edition [B23],10 should be referenced for terms not defined in this clause.

3.1 adaptive antenna system (AAS): A system adaptively exploiting more than one antenna to improve the 
coverage and the system capacity.

3.2 adaptive modulation: A system’s ability to communicate with another system using multiple burst 
profiles and a system’s ability to subsequently communicate with multiple systems using different burst 
profiles.

3.3 automatic repeat request (ARQ) block: A distinct unit of data that is carried on an ARQ-enabled 
connection. Such a unit is assigned a sequence number, and is managed as a distinct entity by the ARQ state 
machines. Block size is a parameter negotiated during connection establishment.

3.4 bandwidth stealing: The use, by a subscriber station (SS), 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. 

3.5 base station (BS): A generalized equipment set providing connectivity, management, and control of the 
subscriber station (SS).

3.6 basic connection: Connection that is established during subscriber station (SS) initial ranging and used 
to transport delay-intolerant medium access control (MAC) management messages.

3.7 broadband: Having instantaneous bandwidths greater than around 1 MHz and supporting data rates 
greater than about 1.5 Mb/s.

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

3.9 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 (FEC) type, preamble length, guard times, etc. See also: interval usage code.

3.10 channel identifier (ChID): An identifier used to distinguish between multiple uplink channels, all of 
which are associated with the same downlink channel.

3.11 concatenation: The act of combining multiple medium access control (MAC) protocol data units 
(PDUs) into a single PHY SDU.

3.12 connection: A unidirectional mapping between base station (BS) and subscriber station (SS) 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.

3.13 connection identifier (CID): A16-bit value that identifies a connection to equivalent peers in the MAC 
of the base station (BS) and subscriber station (SS). 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 (SAs) also exist between keying material and CIDs. See also: service flow identifier.

10The numbers in brackets correspond to those of the bibliography in Annex A.
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3.14 DC subcarrier: In an orthogonal frequency division multiplexing (OFDM) or orthogonal frequency 
division multiple access (OFDMA) signal, the subcarrier whose frequency would be equal to the RF center 
frequency of the station.

3.15 directed mesh (DM): The realization of a physical mesh using substantially directional antennas. See 
also: mesh.

3.16 downlink: The direction from the base station (BS) to the subscriber station (SS).

3.17 downlink burst transition gap (DLBTG): Gap included on the trailing edge of each allocated down-
link burst so that ramp down can occur and delay spread can clear receivers.

3.18 downlink channel descriptor (DCD): A MAC message that describes the PHY characteristics of a 
downlink channel.

3.19 downlink interval usage code (DIUC): An interval usage code specific to a downlink. See also: 
interval usage code.

3.20 downlink map (DL-MAP): A MAC message that defines burst start times for both time division 
multiplex and time division multiple access (TDMA) by a subscriber station (SS) on the downlink.

3.21 dynamic frequency selection (DFS): The ability of a system to switch to different physical RF 
channels between transmit and receive activity based on channel measurement criteria.

3.22 dynamic service: The set of messages and protocols that allow the base station (BS) and subscriber 
station (SS) to add, modify, or delete the characteristics of a service flow.

3.23 fixed wireless access: Wireless access application in which the location of the base station (BS) and 
subscriber station (SS) are fixed in location during operation.

3.24 frame: A structured data sequence of fixed duration used by some PHY specifications. A frame may 
contain both an uplink subframe and a downlink subframe.

3.25 frequency division duplex (FDD): A duplex scheme in which uplink and downlink transmissions use 
different frequencies but are typically simultaneous.

3.26 frequency offset index: An index number identifying a particular subcarrier in an orthogonal 
frequency division multiplexing (OFDM) or orthogonal frequency division multiple access (OFDMA) 
signal, which is related to its subcarrier index. Frequency offset indices may be positive or negative.

3.27 initial ranging connection identifier: A well-known CID that is used by a subscriber station (SS) 
during the initial ranging process. This CID is defined as constant value within the protocol since an SS has 
no addressing information available until the initial ranging process is complete.

3.28 interval usage code: A code identifying a particular burst profile that can be used by a downlink or 
uplink transmission interval.

3.29 mesh (MSH): Network architecture, wherein systems are capable of forwarding traffic from and to 
multiple other systems.

3.30 minislot: A unit of uplink bandwidth allocation equivalent to n physical slots (PSs), where n = 2m and 
m is an integer ranging from 0 through 7.
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3.31 multicast polling group: A group of zero or more subscriber stations (SSs) that are assigned a 
multicast address for the purposes of polling.

3.32 node: A term associated with a mesh network station. A node, due to the nature of mesh, may behave as 
a BS, SS, or both, and will generate and forward data to other nodes.

3.33 packing: The act of combining multiple service data units (SDUs) from a higher layer into a single 
medium access control protocol data unit (PDU).

3.34 payload header suppression (PHS): The process of suppressing the repetitive portion of payload 
headers at the sender and restoring the headers at the receiver.

3.35 payload header suppression field (PHSF): A string of bytes representing the header portion of a 
protocol data unit (PDU) in which one or more bytes are to be suppressed (i.e., a snapshot of the 
uncompressed PDU header inclusive of suppressed and unsuppressed bytes).

3.36 payload header suppression index (PHSI): An 8-bit mask that indicates which bytes in the Payload 
Header Suppression Field (PHSF) to suppress and which bytes to not suppress.

3.37 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 (PHSF) and also the number of 
valid bits in the Payload Header Suppression Mask (PHSM).

3.38 payload header suppression valid (PHSV): A flag that tells the sending entity to verify all bytes that 
are to be suppressed.

3.39 physical slot (PS): A unit of time, dependent on the PHY specification, for allocating bandwidth 

3.40 point to point (PtP): A mode of operation whereby a link exists between two network entities.

3.41 primary management connection: A connection that is established during initial subscriber station 
(SS) ranging and used to transport delay-tolerant medium access control (MAC) management messages.

3.42 privacy key management (PKM) protocol: A client/server model between the base station (BS) and 
subscriber station (SS) that is used to secure distribution of keying material.

3.43 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).    

3.44 RF center frequency: The center of the frequency band in which a base station (BS) or SS is intended 
to transmit.

3.45 receive/transmit transition gap (RTG): A gap between the uplink burst and the subsequent downlink 
burst in a time division duplex (TDD) transceiver. This gap allows time for the base station (BS) to switch 
from receive to transmit mode and SSs to switch from transmit to receive mode. During this gap, the BS and 
SS are not transmitting modulated data but simply allowing the BS transmitter carrier to ramp up, the 
transmit/receive (Tx/Rx) antenna switch to actuate, and the SS receiver sections to activate. Not applicable 
for FDD systems.

3.46 secondary management connection: A connection that may be established during subscriber station 
(SS) registration that is used to transport standards-based (SNMP, DHCP, etc.) messages.
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3.47 security association (SA): The set of security information a base station (BS) and one or more of its 
client subscriber stations (SSs) share in order to support secure communications. This shared information 
includes traffic encryption keys (TEKs) and cipher block chaining (CBC) initialization vectors.

3.48 security association identifier (SAID): An identifier shared between the base station (BS) and 
subscriber station that uniquely identifies a security association (SA).

3.49 service access point (SAP): The point in a protocol stack where the services of a lower layer are 
available to its next higher layer.

3.50 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).

3.51 service flow (SF): A unidirectional flow of medium access control (MAC) service data units (SDUs) 
on a connection that is provided a particular Quality of Service (QoS).

3.52 service flow identifier (SFID): A 32-bit quantity that uniquely identifies a service flow to both the 
subscriber station and base station (BS).

3.53 SS Rx/Tx gap (SSRTG): The SSRTG is the minimum receive to transmit turnaround gap. SSRTG 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 SS.

3.54 SS Tx/Rx gap (SSTTG): The SSTTG is the minimum transmit to receive turnaround gap. SSTTG 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 SS.

Figure 2—PDU and SDU in a protocol stack
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3.55 subcarrier index: An index number identifying a particular used subcarrier in an orthogonal frequency 
division multiplexing (OFDM) or orthogonal frequency division multiple access (OFDMA) signal. 
Subcarrier indices are greater than or equal to zero.

3.56 subscriber station (SS): A generalized equipment set providing connectivity between subscriber 
equipment and a base station (BS).

3.57 time division duplex (TDD): A duplex scheme where uplink and downlink transmissions occur at 
different times but may share the same frequency.

3.58 time division multiple access (TDMA) burst: A contiguous portion of the uplink or downlink using 
PHY parameters, determined by the Downlink Interval Usage Code (DIUC) or Uplink Interval Usage Code 
(UIUC), 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.

3.59 time division multiplexing (TDM) burst: A contiguous portion of a TDM data stream using PHY
parameters, determined by the Downlink Interval Usage Code (DIUC), that remain constant for the duration 
of the burst. TDM bursts are not separated by gaps or preambles.

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

3.61 transport connection identifier: A unique identifier taken from the CID address space that uniquely 
identifies the transport connection.

3.62 turbo decoding: Iterative decoding, using soft inputs and soft outputs.

3.63 transmit/receive transition gap (TTG): A gap between the downlink burst and the subsequent uplink 
burst in a time division duplex (TDD) transceiver. This gap allows time for the base station (BS) to switch 
from transmit to receive mode and SSs to switch from receive to transmit mode. During this gap, the BS and 
SS are not transmitting modulated data but simply allowing the BS transmitter carrier to ramp down, the 
transmit/receive (Tx/Rx) antenna switch to actuate, and the BS receiver section to activate. Not applicable 
for FDD systems.

3.64 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.

3.65 uplink: The direction from a subscriber station to the base station (BS).

3.66 uplink channel descriptor (UCD): A medium access control message that describes the PHY
characteristics of an uplink.

3.67 uplink interval usage code (UIUC): An interval usage code specific to an uplink.

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

3.69 user data: PDUs of any protocol above a Service Specific Convergence Sublayer received over the CS 
SAP.

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