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Introduction

“* Apply Forward Error Correction (FEC) to IEEE
802.11b standard

s Bit errors from channel noise protected by Cyclic
Redundancy Check (CRC)

“ End to end connection provided by TCP which needs
very low error rates for efficiency

% 2 Approaches for FEC implementation in TCP
wireless LANs

Reed Solomon Code
Turbo Code (Berrou)

“* Use OPNET to show both implementations give less
congestion in the network
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Why is FEC Important for WLAN

s+ Packet loss in TCP causes window size decrease and
retransmission of the lost packet

“* The goal is to maximize the window size, for optimal
utilization of bandwidth in channel

“* In wired network, mostly traffic congestion lead to
decrease in window size

** In a noisy wireless networks, window size is very
small due to the high bit error rate of the channel

“* FEC reduces retransmission by transmitting error
correction code with packets
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Introduction to FEC

“* FEC Overview
Repair losses of data during transmission by adding
repair data

Computation to recover the error is more time efficient
than retransmission

Sender based repair
I

|
Passive

Retransmission Forward error correction

Media-independent Media specific
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Introduction to FEC (cont.)

** Media Indpendent, Reed Solomon Code

Use block or algebraic codes to produce additional
packets for transmission

Takes k data packets and generates n-k check packets
to transmit n packets over network

Additional process delay & increased bandwidth

** Media Dependent, Turbo Code
Concatenated coding and iterative decoding
Achieves close to Shannon capacity of channel

Very complex to implement: need memory
management scheme for decoder
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Implementation In Opnet

Radio Link Transceiver Pipeline Execution Segquence
far one Transmission

<& - . . il &
% Trace driven 1~ e gt of i
- - I'::Lf miter and receiver channeis
simulation comricatirsne ded
L1 @ per-lransmssion basis
‘ L
< Implemented in the ‘

Radio Link ) : ; B it Lo

T ra n S ce ive r exaculed onoe per !l;.'::lm'ubw.m slages il'und L e eecled] separately for eadh ‘u

P i pe I i n e m X .;:v:'l it 1 I L‘fmﬁ:mu ! l 4] ui::-l"unﬂm

i | background |||‘.|:1'I'|:1"=l'||.'|:I I
Bit Error Rate Generation u& @ iz | Ly o=

slage B rmay be execiied 2600 oF mone Bmes. -

T bl erro Eignaal bo naise
dlllatiation fale | risfiy
Error Correction Models %—E
sl..'rgl:“: 10-12 i d'\:. I:n;m suied Orve o imaine
I -n
R mulliple reseiven

4/04/02 FEC in WLAN (lvy Chow, Horace Chan, Sameer Khushal)




Node Implementation

= Mode Model: e835_wkstn

File Edit Interfaces Objects Windows

B0, "

Attribute Value

noise figure 1.0

ecc threshold 0.0

ragain model dra_ragain
power model wilan_power
bkgnoise model dra_bkgnoise
inoise model dra_inoise
shr model dra_snr

ber model ed3s_ber
error model dra_etror
ecc model ed3s_ecc
icon name ‘ ra_rx
reception end time 0.0

Extended Attrs.

[ Apply Changes to Selected Objects

Cancel

wlan _pior t_t 0_0
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Simple Topology.

'—| Project: e835—test2 Scenario: test2 [Subnet: Office Network] | r ||_

0:0 TCP Reno (2272 Hle Edit View Scenarios Topology Traffic Protocols Simulation Results Windows Help
Segment Size) o s b S TR S 1Y
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*** No retransmission
in WLAN layer

«* Bit Error Rate =
10e-6

** Reed Solomon
COde (255,231 ) [ h.'lﬂ:king up file ‘'ed35-testz’ ... done

% Turbo Code (4
iterations)

802.11 Node
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Simulation Results
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Simulation Results

<+* TCP Window Size
* RS Code

“* No FEC
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Complex Topology.
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Simulation Results

M mirho Code
o FEC

TCP Delay ™ Reed Solomon Code
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RS Code
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Simulation Results
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Conclusion

** Implementation of FEC in 802.11 WLAN improved
TCP performance

*» Both FEC codes: Reed Solomon & Turbo Code show
reduce the TCP delay and increase the window size

* Reed Solomon is easier to implement and has
determined processing time

“*» Turbo Code can increase the channel capacity to the
Shannon limit but it is more difficult to implement
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Questions & Comments

“ Thank you!
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