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Outline

Wireless Metropolitan Area Networks
— Broadband Wireless Access

|IEEE Standards and IEEE 802
IEEE 802.16 Working Group

IEEE 802.16 Air Interface Standard

— |IEEE 802.16: Air Interface (MAC and 10 - 66 GHz PHY)
— P802.16a: Amendment, 2-11 GHz (finished)

Licensed

License-Exempt
— WIMAX Forum coordinating interoperability testing
— Interoperability documentation in development

— P802.16e: Mobile Enhancement

IEEE Standard 802.16.2 and P802.16.2a
— Recommended Practice on Coexistence




Broadband Access to Buildings
*The “Last Mile”

—Fast local connection to network

* Business and residential customers demand it
—Data
-Voice
—Video distribution
—Real-time videoconferencing

—etc.

* Network operators demand it

* High-capacity cable/fiber to every user is expensive

—Construction costs do not follow Moore’s Law
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802.16a Last Mile Market Segments

« Market still early stage

* Dramatic product improvements
since 15t gen

« 802.16a standard opens door for T1 LEVEL SERVICE for
volume components ENTERPRISE
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802.11 Drives Demand for 802.16a

* Wireless broadband key to fast
deployment of hotspots where
wireline not available
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Today’s Wireless Performance

Channel Maximum
Bandwidth Bps/Hz

20 MHz ~2.7 bps/Hz

10, 20 MHz;
35,7, 14 MHz; ~5 bps/Hz
3,6 MHz

200 kHz ~1.9 bps/Hz

1.25 MHz ~1.6 bps/Hz

* Assuming a 14 MHz chamnel and ~ 5 bpa/Hz




Centimeter-Wave Bands
for Wireless MAN

International
3.5 GHz
10.5 GHz

U.S.: MMDS & ITFS
2.5-2.7 GHZ

Non-Line-of-Sight




License-Exempt Bands
for Wireless MAN

5.725-5.825 GHz
(U-NII)

2.4 GHz License-Exempt:
Wireless LANs

59-64 GHz




Properties of IEEE Standard 802.16
* Broad bandwidth

—Up to 134 Mbit/s in 28 MHz channel (in 10-66 GHz air interface)

« Supports multiple services simultaneously with full QoS
—Efficiently transport IPv4, IPv6, ATM, Ethernet, etc.

* Bandwidth on demand (frame by frame)
* MAC designed for efficient used of spectrum
« Comprehensive, modern, and extensible security

* Supports multiple frequency allocations from 2-66 GHz
—ODFM and OFDMA for non-ine-of-sight applications

« TDD and FDD

* Link adaptation: Adaptive modulation and coding
—Subscriber by subscriber, burst by burst, uplink and downlink

 Point-to-multipoint topology, with mesh extensions

* Support for adaptive antennas and space-time coding

* Extensions to mobility are coming next.
*Is this 4G?




IEEE 802.16 Projects: 2-11 GHz

* Air Interface

—new PHY based on 802.16 MAC

— |IEEE Standard 802.16a
» Completed in November 2002
* Approved 29 January 2003; published 1 April 2003

* Followup interoperability projects

* P802.16d: first meeting Jan 2003; in WG Ballot
* Followup air interface project: mobility
* P802.16e: first meeting Jan 2003; Working Doc in review

« Coexistence

— IEEE Standard 802.16.2a (Recommended Practice)
* In IEEE ballot

 Completion expected in March 2003

Mesh/Relay nodes: 80216j: in progress



WIMAX Forum

 WIMAX: Worldwide Interoperability for
Microwave Access

Mission: To promote deployment of BWA by
using a global standard and certifying
interoperability of products and technologies.

Principles:
— Support IEEE 802.16
« 2-66 GHz
— Propose access profiles for the IEEE 802.16 standard
— Guarantee known interoperability level
— Promote IEEE 802.16 standard to achieve global acceptance
— Open for everyone to participate

Developing & submitting baseline test specs
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|IEEE Standard 802.16:

The WirelessMAN-SC™ Air Interface
Published: 8 April 2002

|EEE Std S0, 16-2 001

|EEE Standard for _
Local and metropolitan area networks

Part 16: Air Interface for Fixed Broadband
Wireless Access Systems
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WIiMAX™ Networks Worldwide 2008
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WiMAX Developments in the Middle East and Africa
|IEEE Communications Magazine, Feb 2009
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Point-to-Multipoint
Wireless MAN: not a LAN

« Base Station (BS) connected to public networks

 BS serves Subscriber Stations (SSs)

— SS typically serves a building (business or residence)
— provide SS with first-mile access to public networks

« Compared to a Wireless LAN:
— Multimedia QoS, not only contention-based
— Many more users
— Much higher data rates
— Much longer distances
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MAC Requirements

Provide Network Access

Address the Wireless environment
— e.g., very efficient use of spectrum
Broadband services

— Very high bit rates, downlink and uplink
— A range of QoS requirements

— Ethemnet, IPv4, IPv6, ATM, ...
Likelihood of terminal being shared
— Base Station may be heavily loaded
Security

Protocol-Independent Engine
— Convergence layers to ATM, IP, Ethernet, ...

Support both TDD and FDD in the PHY

Spring 2009



802.16 MAC: Overview

Point-to-Multipoint
Metropolitan Area Network
Connection-oriented

Supports difficult user environments

— High bandwidth, hundreds of users per channel
— Continuous and burst traffic

— Very efficient use of spectrum

Protocol-Independent core (ATM, IP, Ethernet, ...)

Balances between stability of contentionless and
efficiency of contention-based operation

Flexible QoS offerings
— CBR, nt-VBR, nrt-VBR, BE, with granularity within classes

Supports multiple 802.16 PHYs




MAC PDU Transmission
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Multiple Access and Duplexing

« On DL, SS addressed in TDM stream
« On UL, SS allotted a variable length TDMA slot

* Time-Division Duplex (TDD)
— DL & UL time-share the same RF channel
— Dynamic asymmetry

— SS does not transmit/receive simultaneously (low
cost)

* Frequency-Division Duplex (FDD)
— Downlink & Uplink on separate RF channels

— Static asymmetry
— Half-duplex SSs supported

« SS does not transmit/receive simultaneously (low cost)




TDD Frame (10-66 GHz)

n PS = (Symbol Rate x Frame Length) / 4

Downlink Subframe Uplink Subframe

-

Adaptive

Framej2 | Frame j-1 Frame j+1 | Frame j+2

Frame duration: 1 ms

Physical Slot (PS) = 4 symbols




Adaptive PHY

Base Station

(burst-by-burst adaptivity not shown)




Adaptive Burst Profiles

Burst profile
— Modulation and FEC

Dynamically assighed according to link
conditions
— Burst by burst, per subscriber station

— Trade-off capacity vs. robustness in real time

Roughly doubled capacity for the same cell
area

Burst profile for downlink broadcast channel
Is well-known and robust

— Other burst profiles can be configured “on the fly”

— SS capabilities recognized at registration




TDD Downlink Subframe

TDM Partion
ey

-

Broadcast
Control
DIUC =0

Preamble

Tx/Rx Transition Gap

UL-MAP

Preamble

DIUC: Downlink Interval Usage Code




Typical Uplink Subframe (TDD or FDD) 41
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802.16a PHY Alternatives:
Different Applications,
Bandplans, and Regulatory

Environments
« OFDM (WirelessMAN-OFDM Air Interface)

* 256-point FFT with TDMA (TDD/FDD)

« OFDMA (WirelessMAN-OFDMA Air Interface)
» 2048-point FFT with OFDMA (TDD/FDD)

» Single-Carrier (WirelessMAN-SCa Air Interface)
« TDMA (TDD/FDD)
« BPSK, QPSK, 4-QAM, 16-QAM, 64-QAM, 256-QAM
« Most vendors will use Frequency-Domain Equalization




Mesh-based WirelessMAN

Second Tier Wired or
Wireless Backhaul

1 to 4 Wireless Routing

"AirHoods" g
L J

Source: Nokia Networks



Free IEEE 802 Standards

* Since May 2001, IEEE 802 standards have been
available for free download.

e See:

http://WirelessMAN.org

beginning six months after publication

 |EEE Std 802.16.2 is now free
 |EEE Std 802.16 is now free




o0

IEEE Standard 802.16: Tutorial

IEEE Communications Magazine, June 2002
(available on 802.16 web site)

ToriCS IN BROADBAND ACCESS

IEEE Standard 802.16:

A Technical Overview of the
WirelessMAN™ Air Interface for
Broadband Wireless Access

Carl Eklund, Nokia Research Center
Roger B. Marks, National Institute of Standards and Technology
Kenneth L. Stanwood and Stanley Wang, Ensemble Communications Inc.
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802.16 MAC: Overview

Point-to-Multipoint
Metropolitan Area Network
Connection-oriented

Supports difficult user environments
— High bandwidth, hundreds of users per channel

— Continuous and burst traffic
— Very efficient use of spectrum

Protocol-Independent core (ATM, IP, Ethernet, ...)

Balances between stability of contentionless and
efficiency of contention-based operation

Flexible QoS offerings
— CBR, t-VBR, nrt-VBR, BE, with granularity within classes

Supports multiple 802.16 PHYs

Spring 2009



Relationship to DOCSIS

Management

— Dynamic service “editing” protocol (Add/Change/Delete)
— Management message payload format

Security
— Authentication and Privacy

Polling categories

Initial Access
— Slightly modified allowing terminal capabllity negotiation

Core MAC protocol engine is new design for
Wireless Metropolitan Area Networks

Spring 2009




Definitions
 Service Data Unit (SDU)

— Data units exchanged between adjacent layers

* Protocol Data Unit (PDU)

— Data units exchanged between peer entities
« Connection and Connection ID

— a unidirectional mapping between MAC peers
over the airlink (uniquely identified by a CID)

« Service Flow and Service Flow ID

— a unidirectional flow of MAC PDUs on a
connection that provides a particular QoS
(uniquely identified by a SFID)

Spring 2009




Packet Convergence Sublayer

Initial support for Ethernet, IPv4, and IPv6
Payload header suppression

— generic plus IP-specific

Full QoS support

Possible future support for:
- PPP

— MPLS
= (o




MAC Addressing

» SS has 48-bit IEEE MAC Address

« BS has 48-bit Base Station ID
— Not a MAC address

— 24-bit operator indicator

 16-bit Connection ID (CID)
— Used in MAC PDUs




MAC PDU Transmission

« MAC PDUs are transmitted in PHY bursts

A single PHY burst can contain multiple
Concatenated MAC PDUs

« The PHY burst can contain multiple FEC
blocks

« MAC PDUs may span FEC block boundaries

« The TC layer between the MAC and the
PHY allows for capturing the start of the next
MAC PDU In case of erroneous FEC blocks




MAC PDU Transmission

Spring 2006




MAC PDU format

LI
2 3
Generic MAC Header Payload (optional) CR (opticha )

« The Generic MAC header has fixed format

* One or more MAC sub-headers may be part of the
payload

» The presence of sub-headers is indicated by a Type
field in the Generic MAC header

Spring 2006




Generic MAC Header

HT=0(1) | msb

LEN Isb (8) CID msh (8)

CID Isb (8) HCS (8)




Fragmentation

 Partitioning a MAC SDU into fragments transported
in multiple MAC PDUs

» Each connection can be in only a single
fragmentation state at any time

 Contents of the fragmentation sub-header:

— 2-bit Fragmentation Control (FC)

* Unfragmented, Last fragment, First fragment,
Continuing fragment

— 3-bit Fragmentation Sequence Number (FSN)
* required to detect missing continuing fragments

AL 1 [
Spring 2006




Packing

The process of combining multiple MAC SDUs
(or fragments thereof) into a single MAC PDU

On connections with variable length MAC SDUs

— Packed PDU contains a sub-header for each packed
SDU (or fragment thereof)

On connections with fixed length MAC SDUs
— No packing sub-header needed

Packing and fragmentation can be combined

Can, in certain situations, save up to 10% of
system bandwidth




Packing Fixed-Length SDUs

-

X .

k MAC SDUs
eF
D= fixed length fixed lengtn fied length
T MAC SDU MAC SDU MAC SDU
% é length =1 length =1, length =1

Spring 2006

fixed length
MAC SDU
length =n




Packing Variable-Length SDUs

- k MAC SDUs »

variable length variable length variable length
MAC SDIU MAC SDU MAC SDU
length = 4 length =5 length=¢

=
00001xDb

LEN =

WMAC Header

Tvpe

-2 Byte Packing Sub-Header before each SDU
Length of the SDU: 11 bits
-fragmentation control (FC): 2 bits
‘fragmentation sequence number (FS): 3 bits




Downlink transmissions
Two kinds of bursts: TDM and TDMA
All bursts are identified by a DIUC
— Downlink Interval Usage Code

TDMA bursts have resync preamble
— allows for more flexible scheduling

Each terminal listens to all bursts at its operational

JUC, or at a more robust one, except when told to
transmit

Each burst may contain data for several terminals
SS must recognize the PDUs with known CIDs
DL-MAP message signals downlink usage




Downlink Channel Descriptor

» Used for advertising downlink burst profiles

» Burst profile of DL broadcast channel is well-
Known

+ All others are acquired

» Burst profiles can be changed on the fly
without interrupting the service

— Not intended as 'super-adaptive’ modulation

« Establishes association between DIUC and
actual PHY parameters

Spring 2006




Downlink Map Message

DL-MAP message defines usage of
downlink and contains carrier-specific data

DL-MAP is first message in each frame
Decoding very time-critical
— typically done in hardware

Entries denote instants when the burst
orofile changes

Spring 2006




Uplink Transmissions

Invited transmissions

Transmissions In contention slots

— Bandwidth requests
— Contention resolved using truncated exponential backoff

Transmissions in initial ranging slots

— Ranging Requests (RNG-REQ)
— Contention resolved using truncated exponential backoff

Bursts defined by UIUCs
Transmissions allocated by the UL-MAP message

All transmissions have synchronization preamble

Ideally, all data from a single SsS Is concatenated Into
a single PHY burst




Uplink Channel Descriptor

» Defines uplink burst profiles

 Sent reqularly

» All Uplink Burst profiles are acquired

» Burst profiles can be changed on the fly

« Establishes association between UIUC
and actual PHY parameters




Uplink MAP Message

UL-MAP message defines usage of the uplink

Contains the "grants”

Grants addressed to the SS
Time given in mini-slots

— unit of uplink bandwidth allocation

— 2™ physical slots
+ in 10-66 GHz PHY, physical slot is 4 symbols

Time expressed as arrival time at BS




Characteristic of the Service Flow
Unsolicited Grant Services (UGS)

— for constant bit-rate (CBR) or CBR-like service
flows (SFs) such as T1/E1

Real-time Polling Services (tPS)

— for t-VBR-like SFs such as MPEG video

Non-real-time Polling Services (nrtPS)
— for nrt SFs with better than best effort service

such as bandwidth-intensive file transter
Best Effort (BE)

— for best-effort traffic




Uplink Services - UGS

No explicit bandwidth requests issued by SS
Prohibited from using any contention requests
No unicast request opportunity provided

May include a Grant Management (GM) sub-
header containing

— Slip indicator: indicates that there is an backlog in
the buffer due to clock skew or loss of maps

— Poll-me bit: indicates that the terminal needs to be
polled (allows for not polling terminals with UGS-
only services).




Uplink Services - rtPS

 |Intended for rt-VBR-like service flows such as
MPEG video

* Prohibited from using any contention requests

+ Terminals polled frequently enough to meet
the delay requirements of the SFs

+ Bandwidth requested with BW request
messages (a special MAC PDU header)

+ May use Grant Management sub-header

— new request can be piggybacked with each
transmitted PDU




Uplink Service - nrtPS

 |ntended for non-real{ime service flows with
better than best effort service

— e.g. bandwidth-intensive file transfer

+ Works like rt-polling except that polls are
Issued less frequently

+ Allowed to use contention requests

+ May use Grant Management sub-header

—new request can be piggybacked with each
transmitted PDU




Uplink Service - BE

(Generic data
—e.g. HT TP, SMTP, etc.

No QoS guarantees
Allowed to use contention requests

May use Grant Management sub-header

— new request can be piggybacked with each
transmitted PDU

Spring 2006




Request/Grant Scheme

- Self Correcting

— No acknowledgement

— All errors are handled in the same way, I.e.,
periodical aggregate requests

» Bandwidth Requests are always per Connection

» Grants are either per Connection (GPC) or per
Subscriber Station (GPSS)

— Grants (given as durations) are carried in the
UL-MAP messages

— SS needs to convert the time to amount of data
using information about the UIUC




GPSS vs. GPC

» Bandwidth Grant per Subscriber Station (GPSS)

— Base station grants bandwidth to the subscriber station

— Subscriber station may re-distribute bandwidth among its
connections, maintaining QoS and service-level
agreements

— Suitable for many connections per terminal; off-loading

base station’s work
— Allows more sophisticated reaction to QoS needs
— Low overhead but requires intelligent subscriber station
— Mandatory for P802.16 10-66 GHz PHY

» Bandwidth Grant per Connection (GPC)

— Base station grants bandwidth to a connection
— Mostly suitable for few users per subscriber station
— Higher overhead, but allows simpler subscriber station




Bandwidth Requests

« Come from the Connection

 Several Kinds of requests:
— Implicit requests (UGS)
* No actual messages, negotiated at connection setup

— BW request messages
+ Uses the special BW request header
+ Requests up to 32 KB with a single message
« Incremental or aggregate, as indicated by MAC header
— Piggybacked request (for non-UGS services only)

— Poll-Me bit (for UGS services only)
+ Used by the SS to request a bandwidth poll for non-UGS services




Maintaining QoS in GPSS

Semi-distributed approach

BS sees the requests for each connection;

based on this, grants bandwidth (BW) to the
SSs (maintaining QoS and fairness)

SS scheduler maintains QoS among Its
connections and Is responsible to share the
BW among the connections (maintaining QoS
and fairness)

Algorithm In BS and SS can be very different;
SS may use BW In a way unforeseen by the
BS




initialization

« Scan for downlink channel and establish
synchronization with the BS

Obtain transmit parameters (from UCD message)

Perform ranging
 Negotiate basic capabilities

» Authorize SS and perform key exchange

* Perform registration

- Establish IP connectivity
Establish time of day
Transter operational parameters
Set up connections




For uplink transmissions, times are measured at BS

- At startup, SS sends a RNG-REQ in a ranging
window

BS measures arrival time and signal power;
calculates required advance and power adjustment

BS sends adjustment in RNG-RSP

SS adjusts advance and power; sends new
RNG-REQ

Loop Is continued until power and timing is ok




Registration

 Reqistration Is a form of capability negotiation

» SS sends a list of capabilities and parts of the
configuration file to the BS in the REG-REQ
message

+ BS replies with the REG-RSP message

— tells which capabilities are supported/allowed

» SS acknowledges the REG-RSP with
REG-ACK message




IP connectivity and
configuration file download

» |IP connectivity established via DHCP

 Configuration file downloaded via TFTP

« contains provisioned information
— operational parameters

Spring 2006
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Figure 7.6 Classificstion and CID mapping. The peinciple is the samw for both ways: BS 1o 55 and 55
i BS. (From [EEE 5d 802 142004 [1]. Copvrighe IEEE 2004, LFEE. ANl rightts resarved. |
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Figure 8.11 Scheduling mechanisms in a station (BS or SS). (From IEEE Std 802.16-2004 [1]. Copy-
right IEEE 2004, IEEE. All rights reserved.)
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Figure 8.1 General format of a MAC frame or MAC PO, (From IEEE Sad 802.16-2004 [1]. Copy-
right IEEE 20K, [EEE. ATl righis reserved )
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‘meickir and the CRL, I presced

CID 16 Comnectian [Dentifer {sze Chapler T}

HCS A Header Chets Soquence. A 8-bat lickd wsed 12 desect ernoey in (he

header
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Flgure 83 Generic MAC frame may have one of many subbeaders
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Figure B.4 Header Formtal withoo payload Type 1. (Based on Relferenas [Z])
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Table 8.3  Same fiekds of the MAC header without payload Type [ (Based on Reference [1].)

Name Lengih (bils) Dhescriplion

HT l Header Tvpe, One for the header withoul paylaad

EC | Far & MAG header withow paylosd, this bis indicates
whether it is Type 1 or [T

Type 3 Imaficaies the type of hesder wthout paylond {see beloar)

Header conlen! 19 Header content. functios of the Type field value

I [ Connectim 1Denlifier

HCS & Header Check Sequence (same os for the genenc MAC

heador)
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Figure 8.5 lllussration of the fragmentaidon of an MAC SDU givieg three MAC PDMUs (or MAC
Framws |
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Flgure B.6  Nlusirigion of the packing of MAC 50U i one MAC PDIU

Spring 2006




< ”P-'*Hu;ﬂ == -a:f: Uﬂ;-.-haurﬂ:1 :':_::-
imeies gyl —

=1

Managamn I bsaar

Laar P p:.jl::uﬂ B0 LUsar PDU PO
CID = gaain el ) CID = 0sEF1  CID & (6SFAE GID = 0g310

Figure 8.7 Mustiation of the concgiznaion for an opjink burst ransmigsion. (From [EEE Sid 807 16-
20H [1]. Coprighs [EEE 2004, IEEE. All rights fessrved |
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Figure 8.9 Illustration of the cumulative ARQ process
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