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IEEE and The WiMAX Forum OFDM Basic Principle OFDM and OFDMA Signal in Frequency Domain Multipath and Fading _

The IEEE is a standards body and operates in a purely technical capacity.

IEEE 802.16e-2005 defines the radio interface between the Mobile Station
and the network for BWA. The standard defines only Layer 1 (PHY) and
®

OFDM is a multi-carrier modulation scheme that transmits data over a number OFDM Symbol Number

of orthogonal sub-carriers. Conventional transmission uses only a single carrier.
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L_ayer? (MAC). Included in the slt?ndard are handoff definitions and descrip- = OFDM breaks the data to be sent in to multiple data streams. Each data stream }  Sub-Carriers Sub-Carrier 4 il DL Burst #1
tions of mandatory and optional features. is passed to a sub-carrier for modulation. The data streams are sent in parallel N
| 5 MAP DL Burst #2 DL Burst #2
on the orthogonal sub-carriers. 2 (cont)
The WIMAX Forum is a non-profit industry body dedicated to promoting the € ACK| DL Burst#3
adoption of the IEEE 802.16 standard. The WiMAX Forum is responsible for = OFDM Advantages Guard z
developing the end-to-end, all IP network architecture for WiMAX. The WiMAX - NLOS performance while maintaining a high level of spectral efficiency coe Sub-Carriers 8 o | DL DL Burst #4 o
Forum is responsible for interoperability certificgtion of vendor eguipment and and maximizing the available spectrum. D st E MAP DL Burst #4 E
operates test labs throughout the world. The WiMAX Forum defines system - Simple equalizer design. T coe T T T T T ! T T T T T coe T = S DL Burst #1 S
profileS that deﬁne the feature set to be Supported by WlMAX equipment. - Supports Operation in mult,_path propagation environments qé [i DLB t 43 DL Burst #5 Qt
- Uses a cyclic prefix to provide multi-path immunity and tolerance for time B e
The IEEE and WiMAX Forum logos are registered certification marks of their respective organizations. synchronization errors O DLB t 45 DL Burst #6
. ¥ urs
- Scalable bandwidths provide flexibility and potentially The sub-carriers are divided into several types (/-g) UL DL Burst #6 cQl
reduces capital expense. = Data Sub-carriers MAP
- Use QPSK, 16-QAM, 64-QAM modulation to transport data bits Faded Path L Buret 7 . DL Burst#7 |
= i - i N = =
Evolution of 2.1 n r - = Pilot Sub-carriers o . _ _ [ay, 74 ’ S &
olution of 80 6 Standard IEEE 802.16 Options - Data-free symbols used to maintain optimal operation of the receiver ’ - Downlink Subframe > = Uplink Subframe >
Two signals g,(t) and g, (t) are said T, _PEAK = Guard Sub-carriers
802.16 802.16-2004 802.16e-2005 Four physical layers =SC to be orthogonal over the period T, if: fg1 (t)gZ(t)dt i, - Off. no power is generated at these frequencies
(Dec. 2001) (June 2004) (Dec. 2005) =SCa 0 = DC Sub-carrier K-1
(t) g,(t) . ) . TDD Frame Structure
= OFDM 9; 1 - Off to support direct-conversion receivers —
Air Interface| TDMA with TDD | OFDM and OFDMA \.Nith advanced antenna = OFDMA Sub-carrier Spacing (1/T) is the reciprocal of the modulation symbol time (T) h (t) — aks (t-Tk) OFDMA is two-dimensional with users sharing in both the time and frequency domains.
and FDD technology with TDD or FDD Multiple options for = Channel bandwidths For Example: k=0 This allows scheduling and optimum use of finite spectrum.
= Frame lengths Ts , ZERO =
Spectrum 10-66 GHz <11 GHz <6 GHz = Duplexing modes (TDD, FDD) fefz“’fpt.e'fZ“fpt dt=0 Each user is assigned a burst area that has dimensions of sub-channels and symbols.
" Chapnel chlng 0 N-1 N=0 Delay Spread < Tsymbo, : Flat Fading
Operation LOS NLOS NLOS and Mobile = Cyclic prefixes For p # q, where fk = k/T a, Key Elements
Support for multiple =AAS cee = Preamble is broadcast for one symbol period anc_i allows the user devices to acquire
Bitrate | 134 Mbpsin a 75 Mbps in a 63 Mbps in a antenna technology =STC 5 the system and synchronize. A known PN code is transmitted.
28 MHz channel 20 MHz channel 10 MHz channel =MIMO T coe T T T T T A T T T T T oo T ! = FCH reports the length of the DL-Map. .
- - - : \ a = DL-Map contains bandwidth allocation for users and location of the UL-Map.
Coll Radi - 1015 miles with a6 i Link adaptation = Adaptive modulation and _ _ _ _ _ _ X = UL-Map contains bandwidth allocation of the UL for the next frame.
ell Radius -3 miles SIS W|f -6 miles .;:_?:ér;gop;fe;:u:;tcrgﬁ; OFDM Transceiver OFDM - All sub-carriers belong to a single user for some period of time. Multiple users are I = Both maps contain burst data regions, modulation, and coding type for the user.
& maximum o obustness iFr)1 reayl fime accommodated at different times. | - - - | = Allocated regions in UL are available for random access, CQI, and ACKs.
ST ES: 0 1 k = Transmit Recieve Transition Gap (TTG) and Receiver Transmit Transition Gap (RTG)
OFbm TRANSM'TTER\ Carior g , | | Y \ v J \ " J are guard times between the transmit and receiver portions of the frame.
. : % Cyclic Frame
e ey e e (T S (e (WA Y T T S VRN YT Delay Spread Teym
- - . J Carrier \_ Q nsertion Q nsertion Q
W|MAX Forum RElease 1 MOblle system PrOflleS Amplitude Froquency Corroction 7 °ee Delay Spread > Tsymbol : Frequency-Selective Fading
O\ A WYY Ahdda A a
Frequency Band (GHz) Carrier ‘ cee T ‘ ‘ ‘ ‘ i ‘ ‘ ‘ ‘ ‘ °°c ‘ 1
CHANNELIZATION| FFT  Phase ~ e VA ‘
MH: SIZE | 2.3-24 2.305-2.32 | 2.345-2.36 | 2.496 - 2.69 3.3-34 3.4-38 3.4-36 3.6-3.8 01000111010101| _ | Parallel a Sub-Carrier Vel RF
(MHz) Serial RX Data to Seria} Demodulator [P Rzrr:cf;;‘al Demodulator OFDMA - Users share the sub-carriers with a bandwidth dependent on the data service in use. a, Index of Terms
 Carrier % N v hS i
3.5 512 DD 0D Agpmu b Q Q Each color represents a different user. a,
Time Synchronization
5.0 512 DD DD DD 0D DD DD DD DD DZ{ZE‘E“ [~ ‘ ‘ I ‘ AAA | Authentication, Authorization and Accounting
OFDM RECEIVER AAS | Adaptive Antenna System also Advanced Antenna System
| To | T1 Tk | ACK | Acknowledgement
7.0 1024 TDD TDD TDD TDD - . . .
OFDMA Sub-Channels and Permutation Zones AMC | Adaptive Modulation and Coding
, . . ASN | Access Service network
8.75 1024 TDD Frequency-Selective Fading Environments ASP | Application Service Provider
- BS | Base Station
10 1024 TDD TDD TDD TDD TDD TDD TDD TDD IFFTs and FFTs in OFDM The sub-carriers are divided into groups known as sub-channels BWA | Broadband Wireless Access
= Sub-carriers may be adjacent or distributed in a sub-channel ccC | Convolutional Coding
= Sub-carriers are assigned to sub-channels to ensure frequency diversity and interference diversity. Channel CP | Cyclic Prefix
The Transmitter contains an IFFT block and the receiver contains an FFT block. Sub-channel Usage Schemes Response CQI | Channel Quality Information
- - . FFT and IFFT are a linear transform pair, defined by the following equations. = PUSC - Partial Usage of Sub-Channels CSN | Connectivity Service Node
WIiMAX Network Architecture developed by the WiMAX Forum - Mandatory mode for sending preambles and allocation messages and all the uplink messages CTC | Convolutional Turbo Coding _
— ok )R P - Sub-carriers are divided between cells (N=3) and then grouped into sub-channels \/ DHCP | Dynamic Host Configuration Protocol, typically
IFFT. X (n) =2X (W)sin| == | -J EX (k) cos | =5— - Goal: Reduce RF interference oo T T T T T } o ;Sed ti.aiSIQn IP addresses
( ) L k=0 = FUSC - Full Usage of Sub-Channels own Hin . .
m - Optional and used in the downlink only. Each narrow band signal is subject to frequency-selective fading on the radio link. Convolutional Coding DVB/DAB | Digital Video Broadcast/ Digital Audio Broadcast
R3 N E, - Nt Sk - All sub-carriers are available in every cell (N=1) (CC) or Convolutional Turbo Coding (CTC) is used to protect the data. Fg: E?;?gncﬁifrr:l m':d)er
_ : an . (n .
S = (= = (= FET. x (K =N2X (m) sin < n) i EX (m cos< N s ) - Goal: Maximize throughput FDD | Frequency Division Duplex
n = =] APPLICATION n=0 n=0 = AMC — Adaptive Modulation and Coding FFT | Fast Fourier Transform
R6 =] =] SERVICE - Adjacent sub-carriers are grouped into sub-channels. FUSC | Full Use of Sub-Channels
— i =7 i =] - Mobile devices provide feedback on channel conditions so the BS can adjust coding and Cvclic Prefi CP GW | Gateway
PROVIDER . o yclic Prefix (CP)
BASE STATION = AAA SERVER | DNS SERVER | | modulation to match channel conditions. HA | Home Agent (MIP)
=] (ASP) » FFT or IFFT— HARQ | Hybrid Automatic Repeat reQuest
il = | = = . . i . . . . -
= H = 5 | = W Cyclic prefix (CP) mitigates multipath fading and inter-symbol interference (ISI) ;"':_"”_: ‘z: IHa;f’t Ta”‘: Slff vieal and Eloctronics Enc
= i =1 g at the price of increasing bandwidth. nstiie of Electrieal and Flectronics Engmeers
ASN GATEWAY il = | i = | IFFT | Inverse Fast Fourier Transform
AND FOREIGN E E ‘ | FRAME ISI | Inter-Symbol Interference
AGENT ) Delay spread exceeds symbol time. ISl is the result. i i
BASE STATION HOME AGENT | DHCP SERVER W FFT or IFFT | DOWNLINK SUBFRAME UPLINK SUBFRAME v P Y nl/;:g k/:gzizf/fc'gg ;S Control
R5 INTERNET w MIMO | Multiple Input Multiple Output
R4 | = - MIP | Mobile IP (RFC 3344
| m FCH& S obile [P ( )
| = pLmap PUSC PUSC Fusc PUSC Amc . s | Mobilo Station
ASN CSN ) 2 (signaling) (celllDY) (cell ID Z) (cell ID Z) (cell IDY) . NLOS | Non Line-of-Sight
E OFDM | Orthogonal Frequency Division Multiplex
=l=] == p OFDMA | Orthogonal Frequency Division Multiple Access
B = = OFDM Spectral Overlap FRAME PHY | Physical Layer, Layer 1
= = DOWNLINK SUBFRAME UPLINK SUBFRAME PUSC | Partial Usage of Sub-Channels
b= = m= APPLICATION Conventional Frequency Division Multiplex (FDM) Multi-Carrier Modulation Technique m QC;;:"W( Suagra:ure éhmp“tusd:,f'tw;dullat'on
R8(BASE STATION =} AAA SERVER  DNS SERVER SERVICE | ¥ D N T uadrature Phase Shift Keying
il =" m BAND 2 BAND , //\ét\ - X N RTG | Receive/transmit Transition Gap
= == === PROVIDER <Et NORMAL AMC BROADCAST < NORMAL "\ .- | NRREY e N 7 P | S-OFDMA | Scalable Orthogonal Frequency Division Multiple Access
=} == == (ASP) u REGION REGION REGION 5 REGION - ~ioN NS ~_ ~_-7 ss | Subscriber Station
ASN GATEWAY =] = o STC | Space Time Coding
AND FOREIGN = = X & TDD | Time Division Duplex
AGENT v =] = A\ JAWNIA JAWNIA JAWNAY JAWNA AWNIA Al TDMA | Time Division Multiple Access
BASE STATION HOME AGENT DHCP SERVER YAVYyYYyYyy yyyy yyyy yyyy yvyyy yv _ Jdtiple A
) In Mobile WiMAX, flexible sub-channel reuse is facilitated by sub-channel segmentation and . . - TTG | Transmit/receive Transition Gap
: : : . . . Transmission must be continuous. To “fill” the gap, append data from the end of the symbol UL | Up Link
permutation zones. A Permutation Zone is a number of contiguous OFDMA symbols in the downlink to the beainning of the svmbol wimax | Worldwide Int bility for Mi A
In conventional FDM, each carrier frequency is separated by a guard band to prevent or uplink that use the same permutation or mapping sequence between the sub-channels and the 9 9 y ' ! oriawide In‘eroperablily for Microwave Access
All IP network = Existing IP standards used to avoid creating new network entities interference. The frequencies in the guard band area cannot be used to carry information. sub-carriers. A downlink frame may contain more than one permutation zone.
= WiMAX Forum defines procedures that permit WiMAX to 3GPP and WiMAX to 3GPP2 ‘ P ‘ N T -7 T ‘
Zone Partitioning makes use of sub-carrier characteristics S T TN\s—L o e »
Orthogonal Frequency Division Multiplex (OFDM) Multi-Carrier Modulation Technique = Normal region contains frequency diverse sub-channels. Time scheduling is used to support | . 137 AT N |
Access Service ® Provides the radio interface that connects the SS with the network voice service. ? Ve
Network = Handles the radio interface and contains the base stations = Band AMC region makes use of adjacent sub-channels and both time and frequency scheduling

(ASN) = Contains the ASN Gateway which has a one-to-many relationship with base stations BANDWIDTH SAVINGS is available.

L
= ASN Gateway handles mobility between base stations = Broadcast region uses frequency-diverse sub-channels in a simulcast mode. This concept is
= Foreign Agent function acts as proxy for authentication and mobile IP borrowed from DVB/DAB system. o o CP allows the system to ignore the initial part of each symbol thus avoiding the area that would be
AVAVAVAVAVAVAVAVAvAnied = Preamble is a data-free symbol at the beginning of the frame for rough frequency synchronization most likely impacted by multipath delay. Data in the CP region of the signal is discarded. CP is set
Connectivity = Provides connectivity between the ASN and the Internet or Application Services in the receiver.

i . L to 4-6 times the delay spread. WiMAX Forum profiles use a CP of 1/8, meaning that a section of
Service Network = Home Agent and AAA provide Authentication

data equal to 1/8 of the original symbol is used.
(CSN) = Home Agent and DHCP provide IP Address Management E J /
= AAA provides billing records OFDM sub-carriers have a sinc (sin(x)/x) frequency response resulting in overlapin the

frequency domain. This overlap does not cause interference due to the orthogonality of
the sub-carriers.

. R&D
Logical Interfaces = 802.16 Int'erfaces . o = The OFDM receiver uses a time and frequency synchronized FFT to convert the SAMPLE / PRODUCT TEST UNITED STATES +1-800-ANRITSU (+1-972-644-1777)
- R1 interface — SS to BS connection, radio link

. OFDM time waveform back into the frequency domain. In this process the FFT
- W|MA’);2Fprur; Interfgcse? HA t . picks up discrete frequency samples, corresponding to the peaks of the carriers. SERVICE TESTING MANUFACTURING FIELD TESTING CANADA +1-800-ANRITSY (+1-613-591-2003)
) l'nte ace - 0 1A, supports roaming - At these frequencies, all other carriers pass through zero eliminating interference SOUTH AMERICA +55-11-3283-2511
- R3 interface — ASN to CSN, supports authentication, billing, an d MIP messages between the sub-carriers JAPAN +81-46 223-1111
- R4 interface — ASN to ASN, defines mobility procedures when a SS crosses ' ASIA-PACIFIC +852-2301-4980
from one ASN to another EUROPE +44-1582-433433
- R5 interface — CSN to CSN, supports roaming
- R6 interface — BS to ASN Gateway, supports mobility messages
- R7 interface — Internal to the ASN Gateway, not shown
- R8 interface — BS to BS, supports handoff

= Home Agent supports mobility
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» The FFT requires strict adherence to:
- An integer number of cycles during a symbol period
- An integer number of cycles separating the sub-carriers
- No phase or amplitude changes during symbol period
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