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Mobile WiMax System

WiMax System Modeling

— Behavioral, Circuit and Physical
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WIMAX - Mid Range IEEE Communication Standard

Range
> 10 Km —

<10 Km

Standard

—— Wide Area Networks

Metro Area Networks

<100 m —

<10m —

—— Local Area Networks

—— Personal Area Networks

——— Body Area Networks

802.16 <

e[ ast mile broadband wireless access
* 40Mbps capacity up to 10km
*OFDM with QPSK/QAM16/QAM64

* Fixed, Portable (walking) and
Mobile (in car) options

» 63Mbps peak capacity up to

802.16e < 3kmat2.3,2.5 or 3.5GHz

L * No line-of-sight required

Our focus today is Mobile WiMAX, a standard designed to enable high data rate
applications such as the wireless Internet.
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WIMAX Architecture Based on 2 Core Features:
MIMO & OFDM

Our examples today will illustrate how MIMO and OFDM can be simulated.

1. MIMO (Multiple Inputs Multiple Qutput = Many Antennas)

— Advantage: More antennas means more data or reliability. For example,
if 2 TX and RX antennas are present, then data rate should double.

Data rates will scale linearly.

—  Challenge: How to design system so that interactions between multiple

TX and RX are minimized.
)
DAV
C{_if; ;i} Y :

Solutions, thus far, have emphasized 4 diversity schemes:

j.r‘\?‘
CHANNEL
&k\ P J’ \ A
#1: space Diversity {2 Pauern Diversity #3: Polarization Diversity

#4: Space Time Coding
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WIMAX Architecture Based on 2 Core Features:
MIMO & OFDM

Our examples today will illustrate how MIMO and OFDM can be simulated.

2. OFDM (Orthogonal Frequency Division Multiplexing)

— Advantages:

Relative immunity to multi-path effects

Multiplexing schemes, using IFFT & FFT, are easily implemented
Low sensitivity to time synchronization errors

Tuned sub-channel receiver filters are not required (unlike
conventional FDM)

LIl

— Challenges:
—  Sensitive to Doppler shift
— Sensitive to frequency synchronization

— High peak-to-average-power ratio (PAPR), requiring more
expensive transmitter circuitry, and possibly lowering power

efficiency /\/

Guard time / cyclic prefix FFT integration time = l/camrier spacing
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Mobile WiMax Detalls

« Flexibility
— All aspects can change dynamically to suit the channel

«  WiMax MIMO 2x2 Configuration

— Beamforming
— Spatial Multiplexing

« Complicated algorithms for data rate increase

« Data rate scales with min(Ntx,Nrx) antennas Y Z
— Space Time Coding X :

 Diversity gain with easy implementation Y z

 OFDM Implementation

— Sub-carrier and Symbol times fixed T e
— BW usage dictated by IFFT length | ‘ ‘ \M M//
— Downlink Data Rate bttt ittt
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System Architecture

Behavioral

RF Transmitter

o
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T/R Switch
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 OFDM Modeling
— Guard Band

Baseband Modeling

Sub-<carriers Sub<carrier

— Cyclic Prefix

« Delay Spread & Multipath Immunity

=M A VOB g ol O A
500
-wnwj “r
3500,
5. 4. -2, [ 2 4 5.

« QAM Modulation

—4/16/64 Supported

G”@

S e

R
Tk b B b L
gk B oB & o

CCONST »
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Baseband Modeling

« Channel Detection v
— Excite Transmit Antennas separately Yg _

« Initial frequency estimation Y Y
— Pilots

* Dynamic estimation
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Baseband Modeling

« Space Time Coding
— Orthogonal Alamouti Codes
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C = * *
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MIMO Antenna Design

Physical

OFDM_Tx

CYCLIC PREFIX

Baseband Receiver RF Receiver
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WiMax Physical Channel

« Simplified Channel Model

— Path Loss with Friis Transmission equation

— Non-Ideal effects often ignored Pr GiGr A
» Element coupling, Mismatch, Orientation Pt AR

— Single value for Antenna gains

Pr A Y 2 2 *2 -aR
ﬁzet(a,mer(a,m(ﬁj A-rP)a- e a e

« More Accurate Channel Model
— Full-wave 3D EM modeling with HFSS

— System Non-linearities
« Multi-path, Fading, etc.
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WiMax Physical Channel

. Antenna Configurations Y1
— SISO and full 2x2 MIMO Y—Y
— Designs centered at 2.5GHz Y>—’<Y
Y

« Mobile Station
— Laptop with WiMax Modem PC Card

— Simple Radiating Mononpoles

« Base Station
— Reflector backed Dipoles

(@ FRSF-PASS SYSTEM SUCCESS
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Mobile Station Antenna
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Base Station Antenna
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Link Simulation

* Physical Channel
— Antennas modeled
— How to simulate link between?

 Utilize Ansoft HFSS Datalink

— Fields from one drive another
— Large separation without modeling air
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HFSS Datalink

» Source Fields of Radiation Boundary
— Imposed on target model with loss and phase

Source Model Target Model

E Field[¥/m] E Field[¥/m]
2, 08588 +BE 2 7, AR E +85 2
1. 8758e+082 1, §750e+AE2
1. 7oE88e+EE2 1, 7588 :+852
1. B258e+882 1. 5250e+002
1. 5808 +Ba2 1. SAEH e +A6 2
1. 53750e+BE2 1.3758=+802
1. 2568 +B62 1. 2E00e+882
1. 1258e+E82 1. 12580e+A62
1. BEERE +BEA2 1. 8088 e+002
g, 7568 +881 g, 7588 e+a01
7. 5EEae+Bal 7. 5AEde +AE1
£. 2568 +BE1 6. 2500 :+801
5. 66668 +BE1 5. BEERe+AE1
3. 75ERe+EE1 3. 7EEEe+861
2. SEERe +EEa1 2, SREae+a81
1. 2568 +E@1 1. 2580e+0E1
B, BEEEA e +EE5 B, B8 e +aE0E




MIMQO Datalink

Fields from Source model radiation BC
Mapped to target model using a Far Field
Incident Wave

T

s

|\

[
|

Laptop Model with Dual Monopoles

BS Model with Dual Dipoles and reflector
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MIMO Physical Channel
Datalink

E Field[¥/m]
1. BEEE e -BEL
9, 3750e-BEZ
3. 7hEBe-BEZ
g, 1258e-BE2
E Field[V/n] 7. Shade-aaz
f. B54@e-+EEAY G, 875Ae-082
. Y4, 3215e+BaY 6. ?SEME-ARZ
2. BEE3e+BAY
1, 8224 e+B0Y4 5. 6258e-082
1. 1834%=+00Y4 5, AAAA e -BE 2
7. GBYEe+BAT
L. 99AL e+BAT 4, 3758e-082
3. 24B7e+EE3 3, 7obAe-0a 2
2. 1@44e+BA3
1. 36GGe+BA3 3.1258e-882
&, B74Se+EEZ 2, SEBEe B8 2
5. 7G28e+B02 1, 875@e-AR2
3, 74234802
2. 4302e+002 1. 2500 -@AA2
1.5781e+B02 E. ?5EBe-EAS
1. B24Ee+BEZ
6. E548e+aA1 . BBbD e+
ANSOFT
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MIMO Physical Channel
Circuit Model

« HFSS-HFSS Datalink maps fields from a
source volume to the target volume

« Q: How does this translate to a working
circuit model ?

* A: Utilize the [Z] matrix in Nexxim

1. Excite each antenna in system with a 1 A current source
Using Datalink, measure O.C. voltage at all the other antennas

2.
3. Construct [Z] matrix from Voltages
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pairs

MIMO Physical Channel
Circuit Model

* Voltage values extracted as real/imaginary

* Assembled into [Z] matrix

Ik:O,k-'/—'j
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WiMax Circuit Design

RF Transmitter

oL

CYCLIC PREFIX

. | . L s s #
L 05 2 A \
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Channel

Baseband Receiver RF Receiver /

Circuit
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Antenna/Circult Test Bench

o 2x2 MIMO Channel

 Dual Receiver
— 2.5GHz to Baseband

®®
i
&




WiMax Single RX Block Diagram

* Receliver per Antenna
— Variable Gain LNA
— Active Balun
— 1Q Mixer R
— Baseband Filter
— AGC

=<5 =0

. UI\/IC 0.13um CMOS
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WiMax Recelver

 Variable-Gain LNA

— 2-stage, inductively-loaded cascode topology
— output follower stage gain control.

ust = 5
Nexii [ 8s 5=
| = 28 mimcaps_
! A
It
/ AVDD 1o 38 000 mimcaps_tt n_bpw, =012
. o B J— il L ¢ tot m0754p ™ e
A 2 c ol m=0754p o Ve e JE—
Iy Lo d N E] Al ] s W=28.80 ¢ ot m=10.128p
stes [ A s &i 1Y R —d— o
oS S ot z o -l »
ao > W =] i L8 T
2mA Sk et E [ = 5|
= 2 o3 E;
SR—
g vk o
"3_;“ n_bpw_12 =012 HT
- b Lt ™ 2
mégsa: n_bpw 2] s~ z& e
Rep il 150 e
e wi=28.8u
- pls=713n [ ?
pran o o0k v
1cr20k if wi=3u M4
om0k ot ey
1o
w=48u n_bpw_12Jf wi
2928 E—’]Pﬁ?
kg
ot | M1
ot j() W=28.80
-3 —

A | O
ANSOFT -
@—FIRSI'—PASSS‘EI'EMSU [ESS UNC

APPLICATION WORKSHOPS FOR HIGH-PERFORMANCE ELECTRONIC DESIGN




WiMax Recelver
e |-Q Mixer

— Dual, resistively-loaded Gilbert Cell cores

%

=

" [
83 83
U S~
3= i=
1 &
N ©
3 3
N £
2
EE
I8 ¢ -
cc |
83
=32
32
S
©
8
2
=] 1M=1
—LL"""E%J
| ERVS
G tot mE0174p
irreaps f

md (& FIRST-PASS SYSTEM SUCCESS -
APPLICATION WORKSHOPS FOR HIGH-PERFORMANCE ELECTRONIC DESIGN UM




WiMax Recelver
« Baseband Filter & AGC

— Buffered active (gm-C)/passive bandpass
— Integrated Automatic Gain Control.
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WiMax RX Linearity Metrics

 Compression

— Single RF & LO to baseband

e Third Order Intercept
— Two RF & Single LO
— Swept & Spectral Response

05 Sep 2007 Ansoft Corporation 17:53:23
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Behavioral

Integration

Physical

Baseband Receiver
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Complete WiMax System

« Baseband Tx/Rx Behavioral
— QAM, STC Encoder/Decoder, OFDM

e RF Tx/Rx Circuit + Behavioral

— Quadrature Mixing, Amplification, Filtering

« Channel
— SISO & MIMO, Link, Noise

Physical

Baseband Transmitter
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Complete WiMax System

« Behavioral and Physical e

— SISO vs MIMO (Diversity gain)

— EVM Distortion

 Circuit and Physical
— Nonlinear interactions
— Loading effects

o e

EERENEE S
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|
£
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£
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« Behavioral, Physical and Circuit

— BER distortion
— Multipath degradation E
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Conclusion

+ WiMax System Modeling
— HFSS dynamic link for Channel
— Nexxim for NL circuit impact

— Unique Integration of Physical, Circuit & Behavioral

« HFSS, Nexxim & Designer together help you pave
the way for:

First Pass System Success
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