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|IEEE Standards for Broadband Access
Network (BRAN)

e |[EEE 802.11™(WIFi)

— Short-range:~100m

— Wirless Local Area Networks (WLAN)

— Referre to as “Wi-Fi” for “Wi-Fi Alliance”

— “private” character, no network operator necessary
 |[EEE 802.16™ WIMAX

— Worldwide interoperability of Microwave Access 2 Zf ik i+

ORI 2
— Long-range:~ 3 — 50 km
— Wireless Metropolitan Area Networks (WMAN)

— Korea (Samsung) approach: “WiBro” for “Wireless
Broadband”

— “public” character, i.e., network operator involoved



« OFDM technology introduction



Fading Source

A: free space
B: reflection
C: diffraction
D: scattering

Transmitter

reflection: object is
large compared to
wavelength

scattering: object is
small or its surface
irregular



OFDM: Wide/Narrow band
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Principle of Orthogonal-FDM
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® fo.....= fo + n/T, where n is an integer (e.g. n = -127 .. 128)
¢ The maximum of one carrier is at zero crossings of all others
¢ Cross correlation of sine waves is zero at ideal sampling points nT,

¢ This is obtained by the following setting: Af = 1/T_, therefore: f_ = nAf



OFDM Suppress I\/Iultl -path

Receiver

Symbol 1 Symbol 2 >

i

: >
time
Problem:

Due to different paths to the receiver, the different OFDM symbols would
interfere with themselves or each other



OFDM Basics: The Cyclic Prefix

e To preserve orthogonality, one cyclically
extends the time domain data

time

~ Subcarrier spacing: Af = FS/' NFF:T
> Useful symbol time: T, = 1/ Af
» CPtime: T,=G*T,, G= 1/4, 1/8, 1/16 and 1/32



OFDM Basics: The Cyclic Prefix

e Cyclic prefix length is chosen to absorb the
channel impulse response and delay
spread

Direct Path Symbol M-1 Symbol M | Guard|  Symbol M+1
— ]
Delayed Path 1  EESULCIRIGY | Guard| Symbol M | Guard|  Symbol M+1
I
Delayed Path 2 |ISTELE | Guarg | Symbol M | Guard |  Symbol M+1
Reconstructed 1NN
Signal Symbol M-1 L 1] Symbol M | Symbol M+

—*_

Contaminated region

Contaminated region Non-contaminated region



OFDM Disadvantages

e Sensitivity to Frequency

Offset

— Frequency offset breaks the orthogonality of the
subcarriers = Inter-carrier interference (ICl)

Inter-carrier
Interference
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OFDM Disadvantages

 High Peak to Average Power Ratio (PAPR)

— Cumulative distribution function for PAPR (256 point
FFT):

P ' | —=— QPSK ﬁ
10 [ . |~ 16-0AM |
g | —=— 64-QAM 3

10"} : B ?%%_ : . 7
b | % _ :

Cumulative Probality Density

10 s b o —— T b E

107k : : : ZQ‘Y ; 1

1{]'6 1 i 1 1 .'!L 1
4 B B 10 12 14 16
PAPR [dB]




Block Diagram of an OFDM
Transceiver
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Coding: Concatenated Codes

« Concatenated codes is the combination of two codes
to provide greater coding gain with less
Implementation complexity as a comparable single
code

o Typically, inner code is a convolutional code while the
outer code is a block code

« Convolutional code cleans up low-input SNR’s
* Block code cleans up the remaining errors

Input bit

stream

Output bit P
stream




Duplexing Method

 TDD: DL sub-frame occurs first, followed by the
UL sub-frame.

Time

4
Framen-1 Frame n Framen +1
TDD | ’
DL uL
Same Sub-Frame Sub-Frame
Frequency T T

TTG RTG

TTG = Transmit/receive Transition Gap
RTG = Receive/transmit Transition Gap




Duplexing Method

 FDD: both DL and UL transmissions occur
simultaneously on different frequencies.

Time

>

Framen -1 Frame n Framen + 1
FrequencyA DL SUb'Frame

FDD

Frequency B UL Sub-Frame



Duplexing Method

e |In H-FDD, the transmission occur at different
times and different frequencies.

Time

>
Framen -1 Framen Framen + 1

DL
uL
Frequency B ! Sub-Frame




Duplexing Method

e License-exempt bands are restricted to
TDD

e Licensed bands can use TDD, FDD and
H-FDD



Frequency

Multiple Access for OFDM

* In OFDMA, the subcarriers are divided into groups
or subchannels, which are assigned to different
users to accommodate BW and QoS requests.

OFDM
TDMA OFDMA

» Time > Time

Frequency

B Usero B user: B User2 User 3



» 802.16-2004, 802.16e-2005



802.16 Standards

802.16-2001
MAC
10-66 GHz PHY
Apr 02

802.16¢
>10 GHz Profiles
Jan ‘03

802.16a
<11 GHz PHY
Apr 03

802.16-2004
Revision
Aug 2004

802.16¢

Mobile
Start: Dec ‘02
Done: Oct ‘05
802.16e-2005




IEEE 802.16 PHY Proposals

Rel. 2004

WirelessMAN WirelessMAN ')
SC, SCa OFDM, OFDMA -
— *

LOS NLOS
10-66 GHz sub 11 GHz




OFDM Frame Structure

Trar!.silior; gap
DL subiramse UL subframe
g - -
Contention - || Contention- | UL PHY PDU UL PHY PDU
DL PHY PDU |nitial T;'.a:ging ‘BW Request Ss#) [ 7] (SS#n)

Preamble | FCH DL;Iurst .4 DL burst Preamble UL burst
Broadcast MAC MAC |__]1 MAC
DLFP DL-MAP, UL-MAP, DCD, ucD |  PDUSs PDU PDU PAD
MAC MAC
Header payload CRC




802.16-2004 OFDM PHY

 Frequency domain

— 256 FFT/subcarriers
— 192 data subcarriers: for data transmission
— 8 Pilot subcarrier: for channel estimation purposes

— Null subcarrier: no transmission, for guard band, non-
active subcarriers and DC subcarrier

— For UL subchannelization subsets of 12,24,48 or 96
data subcarriers

Data Subcarriers DC subcarrier Pilot Subcarriers

e
A -
f | A 'Y

' T + 1 H“‘Lﬂ
‘\Guard Band Channel Guard band /
28 subcarriers 27 subcarriers

T T—




OFDM Data Modulation: example

4 Agilent 89600 Yector Signal Analyzer
mt
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802.16-2004 Max Raw data rate

Modulation / QPSK 1/2 | QPSK 16 QAM |16 QAM |64 QAM |64 QAM
Code Rate 3/4 1/2 3/4 2/3 3/4

1.75 MHz 1.04 218 2.91 4.36 5.94 6.55

3.9 MHz 2.08 4.37 5.82 8.73 11.88 13.09
7.0 MHz 415 8.73 11.64 17.45 23.75 26.18
10.0 MHz 8.31 12.47 16.63 24 94 33.25 37.40
20.0 MHz 16.62 24 94 33.25 49.87 66.49 74.81

* MAC overhead and preamble overhead are not included in calculation




Error Vector Magnitude Vector
Magnitude Required

e 802.16-2004 Tx modulation specifications

— To ensure the receiver SNR does not degrade <0.5 dB



Min. SNR required in WIMAX

Baseband

Modulation/coding rate 802.16-2004

SNR
BPSK-1/2 +6.4
QPSK-1/2 +9.4
QPSK-3/4 +11.2
16-QAM-1/2 +16.4
16-QAM-3/4 +18.2
64-QAM-2/3 +22.7
64-QAM-3/4 +24.4




Adaptive PHY

Base Station




subchannel logical number
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OFDMA Frame Structure

OFDMA symbol number

-
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- DL “ic=X @ P RTG



WIMAX key parameters
comparison

Parameter OFDM-2004 OFDMA-2004 SOFDMA-16e WIBRO
FFT size 256 2048 128,512,1024 1024
System bandwidth 1.25 - 28 MHz 1.25 - 28 MHz 1.25 - 20 MHz 8.75 MHz
Pilots Fixed (8) Fixed & Variable Fixed & Variable Fixed
Preamble Long Preamble on DL | DL preamble only DL preamble only DL only
Short Preamble on UL
Subchannelisation UL only FUSC & PUSC FUSC & PUSC OFUSC &
PUSC
CP ratio Ya, 1/8, 1/16, 1/32 va, 1/8, 1/16, 1/32 Vs, 1/8, 1/16, 1/32 1/8
Frame length 25,4,5,8,10,125, | 2,25,4,5, 8, 10, 2,25,4,5,8, 10, 5 ms

20 ms

12.5, 20 ms

12.5, 20 ms




 Comparison of BWA technology



Comparison of Standards

Using OFDM

 |[EEE 802.16

To provide Wireless Metropolitan Area Network services
Originally to compete against cable and DSL markets

Standardizing all licensed bands below 11 GHz (e.g. MMDS,
3.5 GHz)

Official standard: IEEE std 802.16-2004 for fixed access with
three possible PHY’s--SCM, OFDM-256, OFDMA-2048

« WIMAX has chosen the OFDM-256 PHY

802.16e--project to amend standard for mobility; =»802.16-
2005



Comparison of WIMAX & xDSL

WIMAX

xDSL

IEEE 802.16-2004

ADSL/ADSL2+

VDSL/VDSL?2

DL Data rate

75 Mbps

8M/16~25M bps

55.2M/7~100M
bps

UL Data rate |75 Mbps 2Mbps 19.2Mbps
Distance. LOS:30~50km 4km/0.6-2km 0.3km-
NLOS: 4~9km 2km/0.4km-2km

PR YR T R IEK(2005/08)



Comparison of Standards
Using OFDM

 |EEE 802.11a (Q)
— To provide Wireless Local Area Network services
— Standardized in 1999 (2003)
— BPSK, QPSK, 16-QAM, and 64-QAM modulation

— Convolutional code (171, 133 octal) w/puncturing--
1/2, 2/3, 3/4

— Coherent detection w/ training symbols and fixed
pilots

— Provides up to 54 Mbits/s



Comparison of WIMAX & WIFI

Tech. WIMAX WiFi
Standard IEEE 802.16-2004 |802.11b 802.11a/g
Data rate 7/5Mbps@BW=20M |11 Mbps 54Mbps
Hz
Distance 30~50kM(LOS)/ 100m(indoor)/30 | 100m(indoor)/30
4~9km(NLOS) Om/(outdoor Om/(outdoor)
RF freq. 2~66GHz 2.4GHz ISM 5GH U-
N11,2.4GHz
ISM(Q)
BW 1.25~20MHz 22MHz 20 MHz
PHY Mod. | OFDM/OFDMA DSSS OFDM
QoS Yes No No
Mobility Low High High

PR YR T R IEK(2005/08)




Comparison of WIMAX & 3G

Tech WIMAX 3G
Standard |IEEE 802.16e CDMA-2000 |WCDMA
Data rate |30Mbps@BW=1 |2.4~3.1Mbps | 2Mbps/10Mb
OMHZz pS(HSDPA)
Distance |2~5km 2~5km 2~5km
RF freq. |2~6GHz 400,800,700, |900,1800,210
900,1800,210|0
OMHz
BW 1.25~20MHz 1.25MHz 5MHz
PHY Mod. | OFDM CDMA CDMA
Duplex TDD FDD FDD
Mobility Low High High

PR YR T R IEK(2005/08)




Comparison BWA Technology

Channel bandwidth

Mobhility

Average downlink user data
rate

Average uplink user data rate

Typical cell radius

TCP roundtrip time

VolIP support

5 MHz

global, high-speed ' global, high-speed

1-2 Mbit/s

800 Kkbit/s

2-10km

50ms

yes

5 MHz

1-2 Mbit/s

800 kbit/s

2-10km

50 ms

yes

m'f‘::‘ Flash-OFDM | UMTS-TDD | CDMA1xEV-DO
175-20 MHz 1.25 MHz 1.25 MHz- 20 MHz 1.25 MHz
up to 120 km/h >200kmrh UM mi’;"ﬁ’ >100 ! 4 1obal, high-speed
_ . 1.2 Mbps (@ .
6 Mbps (1:3UUDL).  1-15 Mbit/s S 500 kbit/s
384 kbit/s
2 Mbps (1:3 UU/DL) . 300 - 500 kbit/s 150 kbit/s
i } (@Mre)
1-5 km 520 km * 2-20km* 5-20 km*
20-50 ms 35 ms 70-110ms 300 ms
yes yes yes no

(too high latency)

o

Source: Srategy Analytics, Nokia evaluation




e WIMAX In Talwan
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WIMAX Baseband processor & MAC
Board of CSIST

* Block Diagram

I

Protocal
&
HW MAC

XCV2P7

I

Transmitter

|

|

1

Receiver

Channel
Decoder
Module

Packet
Detection
&
Synchroniz
ation
&
Channel
Estimation
&
Tracking
Module

De-
modulator
&
FFT
Module

DDS

USB || IEEE
2.0 || 1394

Ether
net

Channel Modulator
Encoder &
Module IFFT
Module
XCV4000

XCV6000




What CSIST have done!

CSIST’s WIMAX Baseband processor Is
Implemented O.K. in FPGA and is testing

according to the main requirements of 802.16-
2004 RCT

CSIST’'s WIMAX MAC is implemented O.K. In
Imbedded OS system and compliant with the
basic requirements of 802.16-2004

Non-signaling Test setup for the radio
performance of 802.16-2004 has been setup In
CSIST

RF and Baseband processor can be
Independently or integrally tested




Summary
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