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Chapter 1: Introduction

1.1 Motivation & project definition

OFDM over optical access network, OFDM implemented on FPGA
over optical access network rather than wireless network. As The
combination of radio oer fiber (RoF) and orthogonal frequency division
multiplexing (OFDM) techniques has resulted in a Higta-rate at lower
cost in the last mile of wireless networks.

The purpose of implementing this system is to increase data rate as
the wireless system @M increased the data rate to the range of 1Gbps,
and as the demand for high speed data rate and high capacity of
bandwidth has increased due to recent advances in technologye
access networks bandwidthpsa new way of thinkingstarted These
trials aimsto increase the data rate in the range of tens or hundreds of
Gbps for data transmissiomegardless the transmission technique used
with the best modilation scheme to achieve the highgspssiblesignal
to noise ratio (SNR) arahigher accuracy.

Inceasing data rate to higher range than the range of 4G
communication systems whicbperating on the range of 1Gnakes it
possible tareach to the fifthgeneration of communication systems 5G .

The integration of fiber optics and wireless communicatiosteys
has many advantages. Such as, increasing data rate aret [mwer
consumpton with higher bandwidththan that achieved with wireless
communicationsAlso, it helps to send high data rates to long distances
without the need to add repeaters or to regerate the signa(Fuertes,
200503-22).
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1.2 OFDM

Orthogonal Frequency Division Muleging (OFDM) is a muilti
carrier modulation technique which is common used nowgd in wireless
network such as4G mobile communicatiods A (0Qa | f &2 dzaSR
television and audio broadcasting. Long distance comaoation is
improved using OFDMcause of its ability to cope with severe channel
conditions without complex equalization filters and its ability to eliminate
the inter-symlol interference (I1SI).

1.2.1 Introduction

Orthogonal frequencylivision multiplexing (OFDM) is a method of
digital modulation in which a signal is split into several narrowband
channels at different frequencies. Recently, a worldwide convergence has
occurted for the use of Orthogonal Frequgnbivision Multiplexing (OFDM)
in wireless communication applications as an emerging technology for high
data rates.

Wireless communication is having the fastest growth phase because
of unprecedented evolution in the did. Orthogonal frequenegivision
multiplexing (OFDM) is a method of digital modulation in which a signal is
split into several narrowband channels at different frequencies. OFDM has
been adopted by several technologies such as Asymmetric Digital
Subscriler Line (ADSL) services, IEEE 802.11a/g, IEEE 802.16a, Digital Audio
Broadcast (DAB), and digital terrestrial television broadcast: DVD in Europe,
ISDB in Japan 4G, IEEE 802.11n, IEEE 802.16, and IEEE 802.20.

The principle of work of OFDM that it conveadrequencyselective
channel into a parallel collection of frequency flat sub channels which
makes it rolust against large delay spread©FDM provides many
advantages over this conventional technique. The subcarrier frequencies of
OFDM are chosen so th#te signals are mathematically orthogonal over
one symbol period. So the effect of intehannel interference is
eliminated
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1.2.2. Brief History

¢CKS L999 AYAOGAFGSR GKS ynHdmm LINEP
develop a Medium Access Control (MAC) andskhy Layer (PHY)
specification for wireless connectivity for fixed, portable, and moving
a0l aA2Yya 6AGKAY |y | NBI o¢

In 1997, IEEE first approved the 802.11 international interoperability
standard. In 1999, the IEEE ratified the 802.11a and the 802.11kesare
networking communication standards. The goal was to create a standards
based technology that could span multiple physical encoding types,
frequencies, and applications. The 802.11a standard uses orthogonal
frequency division multiplexing (OFDM) to uee interference. This
technology uses the 5 GHz frequency spectrum and can process data at up
to 54 Mbps.

1.2.1.1 OFDM Advantages
Because using wireless environment fading usually impairs signals
and multipath delay .In such wireless channels extrendenfpof the signal
amplitude occurs anthter Symbol Interference (IShultipath effects due
to the frequency selectivity of the chaahappears at the receiver sida
considerable delay and losses will lead to a high probability of errors so the
systemtQa 2 QOSNI ff LISNF2NXIyOS 06S502YS5a8 GOSN
OFDM advantages are its robustness against channel dispersion and
the ease of phase and channel estimation in a twaeying environment.
One of the major strengths of the orthogonal frequesdyision
multiplexng (OFDM) modulation format is its rich variation and ease of
adaption to a wide range of applications. OFDM has although the ability to
control the signal as hard as it is possible. As it;

1 Makes efficient use of the spectrum by allowing overlap.

1 By dividng the channel into narrowband flat fading sabannels,
OFDM is more resistant to frequency selective fading than single
carrier systems are.
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1 Eliminates ISI and IFI through use of a cyclic prefix.

1 Using adequate channel coding and interleaving one caonvesc
symbols lost due to th&equency selectivity of the channel.

1 Channel equalization becomes simpler than by using adaptive
equalization techniques with single carrier systems.

1 It is possible to use maximum likelihood decoding with reasonable
complexity

1 OFDM is computationally efficient by using FFT techniques to
implement the modulation and demodulation functions.

1 Is less sensitive to sample timing offsets than single carrier systems
are.

1 Provides good protection against channel interference and inNails
parasitic noise.

1.2.1.2 OFDM disadvantages

The essential disadvantages of OFDM are its high -fmeakerage
power ratio (PAPR) and sensiiyvio frequency and phase noisthe main
reason of system sensitivity as it requires high frequency and time
synchronization accuracyetween transmitter and receivelOFDM is very
sensitive for the error of frguency and time synchronizatipwhichmeans
frequency and time offset

1 The OFDM signal has a noise like amplitude with a very large dynamic
range, therdore it requires RF power amplifiers with a high peak to
average power ratio.

1 It is more sensitive to carrier frequency offset and drift than single
carrier systems are due leakage of the DFT.
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1.2.20rthogonality and OFDM

As the orthogonality ighe principle of work of OFDMt is important
to define the orthogonality concept used in OFDM. If the FDM system has
the ability to use a set of subcarriers that are orthogonal to each other, a
higher level of spectral efficiency could have been achieved Usbig
(frequency division multiplexing). The use of orthogonal subcarriers would
Ffft26 GKS adzo OF NNASNBEQ &aLISOGNI (2
efficiency. Orthogonlgy means If two random processes are uncorrelated,
then they are orthogonal. Thé&ransmitted signal at the transmitted is
divided into several signals to be carried on OFDMcamhers which are
mathematically orthogonal. Then at the receiver sitiee signals from the
subcarriers are then combined to form an estimate of the souigeas
from the transmitter. The orthogonal and uncorrelated nature of the
subcarriers is exploited in OFDM with powerful results.

1.3 Block Diagram

ORI > Serial /Parallel —» IFFT > Gu_ard m_terval > R'.:
generator insertion section
4
Channel

4

Detector < Parallel/Serial < FFT < Sl leitel < R'.:
removal section
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Blocks in details

1.3.1 Modulation and Demodulation data

Modulationis a process of mixing a signal which contains information
data with a sinusoid to produce a new signal. This new signal, will have
certain benefits over an umodulated signal .The process by which
information signals, analog or digital, areansformed into waveforms
suitable for transmission across the channel.

After bit interleaving, the data bits are entered serially to the
constellation mapper. The data bits shall be modulated by usinQABI
modulation; the encoded and interleaved binary serial input data shall be
divided into groups of NBPSC (4) bits and converted into complex numbers
representing 16QAMconstellation points.

NRE

yoln]l — P/S > [m]

| —

Yaal?]

[V x1] [Lx1]
Frame based =P - Sample based

Unbufer

Figure2 parallel to series converter

©Q Chanmel

A S3555,59
0010 0011 0001 DOCO
L ] [ ] T 3 @ [ ]
A= 1/ 10
0110 0111 0101 0100
L ] - A W E 2
-3A -A A 3A
} } } f- w1 Channel
1116 1L11 1101 1100
[ J - 4+ -A @ -
101 1011 ~1dod 1geo
L L -3A -

Figure3 16-:QAM Constellation
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1.3.2 Serial to Fallel Converter

The input serial data stream is formatted into the word seguired
for transmission, e.g. 4 bits/word for QAM, and shifted into a parallel
format. The data is then transmitted in parallel by corresponding each data
word to one carriern the transmission

1.3.3 IFFT/FFT

Since the OFDM signal is in the time domain, so IFFT is used in the
transmitter, which can convert frequency domain samples to time domain
samplesThe IFFT is useful for OFDM because it generates samples of a
waveform with frequency components satisfying orthogonality conditions.
Then, the parallel to serial block creates the OFDM signal by sequentially
outputting the time domain samples. This opacat ensures that sub
carriers do not interfere with one another.

Receiver performs the inverse of the transmitter.

e 3(1) P/S
= IERL d2 do, d1, d2, ..., dN-1
Inverse fast a3 Parallel to —
i Fourier transform i ST e OTIST o _
i | - Transmit time-domain
I = samples of one symbol
bN-1 time dN—1

Data coded in
frequency domain:
one symbol at a time

Data in time domain
one symbol at a time

Figure4 IFFT description

1.3n Guard Interval

The guard interval is used to eliminate ir®gmMmbol and inteicarier
interference (I1SI) completely.
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Guard time is chosen larger than the expected delay spread such that
0KS Ydzf GALI GK O2YLRYySyld F2N 2yS aédvYo
symbol.

TGI Tl»*'l

Tg = Extended Symbol Time
Tg = Guard Interval
Tirrr = Inverse FFT Time Period or Useful Symbol Time Period

Figure5 OFDM Frame with Guard Time
1.3.5Cxclic Prefix

To eliminate ICI (Inter . —
Carrier Interference) which is the |~ ]
cross talk between differemt | - "
subcarriers which means they ar °I % J
Figure6 Inter-Carrier Interference

no longer orthogonal.

OFDM symbols are cyclical
extended in the guard time. Thi.
ensures that delayed replicas of the QFBymbol always have an integer
number of cycles within the FFT interval.

(ICI)

CP1 Symbol 1 cpP2 Symbol 2

n A~y T
s

T VA YA N A f
sl / VN / N\ £
: /// \ A\ /1 W\ 1[ : / \\ /

Figure7 Addiné Cyclic Extension
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ChapteR.1 Introduction to WFI

2.1.1 Introduction

WLAN technology and the WLAN industry date back to thelr880s
when the Federal Communicatis Commission (FCC) first made the RF
spectrum available to industry. During the 1980s and early 1990s, growth
was relatively slow. Today, however, WLAN technology is experiencing
tremendous growth. The key reason for this growth is the increased
bandwidthmade possible by the IEEE 802.11 standard. A brief introduction
to the 802.11 and WLAN technology follows.

2.1.2 Brief History

¢CKS L999 AYAOGAFGSR GKS ynHdmm LINER
develop a Medium Access Control (MAC) and Physical Layen (PHY
specification for wireless connectivity for fixed, portable, and moving
adraGAz2ya SAGKAY Fy |NBlFI®E Ly MbppT
international interoperability standard. In 1999, the IEEE ratified the
802.11a and the 802.11b wireless networkiogmmunication standards.
The goal was to create a standaflssed technology that could span
multiple physical encoding types, frequencies, and applications. The
802.11a standard uses orthogonal frequency division multiplexing (OFDM)
to reduce interferenceThis technology uses the 5 GHz frequency spectrum
and can process data at up to 54 Mbps.

2.1.3 Frequency and Data Rates

IEEE developed the 802.11 standards to provide wireless networking
technology like the wired Ethernet that has been availablenfany years.
The IEEE 802.11a standard is the most widely adopted member of the
802.11 WLAN family. It operates in the licensed 5 GHz band using OFDM
technology. The popular 802.11b standard operates in the unlicensed 2.4
GHz2.5 GHz Industrial, Scientifand Medical (ISM) frequency band using a
direct sequence spreaspectrum technology. The ISM band has become
popular for wireless communications because it is available worldwide. The
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802.11b WLAN technology permits transnossispeeds of up to 11
Mbits/second.

2.1.4 Architecture of 802.11

The IEEE 802.11 standard permits devices to establish eithetgeer
peer (P2P) networks or networks based on fixed access points (AP) with
which mobile nodes can communicate. Hence, the standard defines two
basic metwork topologies: the infrastructure network and the ad hoc
network. The infrastructure network is meant to extend the range of the
wired LAN to wireless cells. A laptop or mobile device may move from cell
to cell (from AP to AP) while maintaining accésshe resources of the
[lbod | OSfft Aa GKS | NBlI O20SNBR o¢@
(BSS). The collection of all cells of an infrastructure network is called an
extended service set (ESS). This first topology is useful for providing
wireless coverage of large areas. By deploying multiple APs with
overlapping coverage areas, organizations can achieve broad network
coverage. WLAN technology can be used to replace wired LANSs totally and
to extend LAN infrastructure. A WLAN environment has lesi® client
stations that use radio modems to communicate to an AP.

Client stations are generally equipped with a wireless network
interface card (NIC) that consists of the radio transceiver and the logic to
interact with the client machine and softwar&n AP comprises essentially
a radio transceiver on one side and a bridge to the wired backbone on the
other. The AP, a stationary device that is part of the wired infrastructure, is
analogous to a ceflite (base station) in cellular communications. Al
communications between the client stations and between clients and the
wired network go through the AP.

2.1.5Wireless LAN Components

A WLAN comprises two types of equipment: a wireless station and an
access point. A station, or client, is typicallaptdp or notebook personal
computer (PC) with a wireless NIC. A WLAN client may also be a desktop or
handheld device, or equipment within a kiosk on a manufacturing floor or
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other publicly accessed area. Wireless laptops and notebeakss A NSt S & &
Sy I 0 £ &&Ridentical to laptops and notebooks except that they use
wireless NICs to connect to access points in the network. The wireless NIC is
commonly inserted in the client's Personal Computer Memory Card
International Association (PCMCIA) slot or UniveBsalal Bus (USB) port.

The NICs use radio signals to establish connections to the WLAN. The AP,
which acts as a bridge between the wireless and wired networks, typically
comprises a radio, a wired network interface such as 802.3, and bridging
software. Tle AP functions as a base station for the wireless network,
aggregating multiple wireless stations onto the wired network.

2.1.6 Range

The reliable coverage range for 802.11 WLANs depends on several
factors, including data rate required and capacity,urees of RF
interference, physical area and characteristics, power, connectivity, and
antenna usage. Theoretical ranges are from 29 meters (for 11 Mbps) in a
closed office area to 485 meters (for 1 Mbps) in an open area. However,
through empirical analysisthe typical ange for connectivity of 802.11
equipment is approximately 100 eters (about 320 ft.) indoors.p8cial
high-gain antennas can increase the range to several miles make WLAN the
ARSIt (0SOKyz2ft23e& FT2N) YIye | INWREAAWEE2Y
function. Bridging connects two or more networks together and allows
them to communicate- to exchange network traffic. Bridging involves
either a pointto-point or a multipoint configuration. In a poktb-point
architecture, two LANs are conné&cR (02 Sl OK 20KSNJ @Al
respective APs. In multipoint bridging, one subnet on a LAN is connected to
several other subnets on another LAN via each subnet AP.

For example, if a computer on Subnet A needed to connect to
computers on Subnets B, C,anBED { dzoy S0 ! Q& !t g2dzZ R
YR 5Q&8 NBALISOUAGS !'tad 9YUSNILINAASAE
between different buildings on corporate campuses. Bridging AP devices
are typically placed on top of buildings to achieve greater antenna

O:
z
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recegdion. The typical distance over which one AP can be connected
wirelessly to another by means of bridging is approximately 2 miles. This
distance may vary depending on several factors including the specific
receiver or transceiver being used

2.1.7 Benefd

User Mobility. Users can access files, network resources, and the Internet
without having to physically connect to the network with wires. Users can
be mobile yet retain higispeed, real time access to the enterprise LAN.

Rapid Installation The timerequired for installation is reduced because
network connections can be made without moving or adding wires, or
pulling them through walls or ceilings, or making modifications to the
infrastructure cable plant.

Flexibility: Organizations can enjoy théexibility of installing and taking
down WLANSs in locations as necessary. Users can quickly install a small
WLAN for temporary needs such as a conference, trade show, or standards
meeting.

Scalability WLAN network topologies can easily be configuredrieet
specific application and installation needs and to scale from smaltipeer
peer networks to very large enterprise networks that enable roaming over
a broad area.

Because of these fundamental benefits, the WLAN market has been
increasing steadily @r the past several years, and WLANSs are still gaining
in popularity. WLANs are now becoming a viable alternative to traditional
wired solutions.
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ChapteB. System Explanation

3.1. Block Diagram

et Sl > Serial /Parallel IFFT > Gu_a & m_terval > R'.:
generator insertion section
y
Channel
y
Detector < Parallel/Serial < FFT < el (e < i

removal section

Figure8 Block diagram of OFDM
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Transmitter Block
Diagram

v

Convolution
Data
Scrambler Encoder Puncture
Interleaver
\ 4

A\ 4

A 4

A 4

PLCP Preamble ) IFFT . Mapping
< Cycle prefix < Inverse Fourier < Framer <
Generator Modulator
Transform
W
°
L.
20 .
£ S Receiver Block
Sa Diagram
) V
L
Remove Cycle FrT
Packet Divider —» refixy > Fast Fourier > Deframer > Buffering FIFO
P Transform
4
Descrambler —« Viterbi Decoder —4 Depuncture |—4 Deinterleaver — Demapper
Received

Packet

Figure9 Block diagram of WIFI

3.2. Transmitter Blocks Implementation
All the transmitter and receiver block are synthesized and tested

(postlayout simuldion) on STRATIKHP2S6(class, 2013)

3.2.1. Scrambler

3.2.1.1 Function dBlock
It is used to scramble the transmitted data , by using a generator

polynomial S(x) where:
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SX)=x7+x4 +1

Which will generate the 12Bit sequence generated repeatedly by the
scrambler shall be (leftmost used first), 00001110 11110010 11001001
00000010 00100110 00101110 10110110 00001100 11010100 111001112
10110100 OO10101O MMMMAMAN AMAMAAAM MAMMMADNDN
2ySa¢é AYAUGALf adradsS Aa dzaSRo

And this sequence is XOR with the transmitted data bit as seen in fiQure

Dhata In

] Y
xT x5 x5 l xt o ox? ox2 X!

Tescrambled
Dara Ot
Figurel0 Data scrambler
3.2.1.2 Structure
LR 4d
—_— —— Ot _ready
gL Scrambler L Dats_out

Counter_scrambisr .
—— (Deurt_signal

g
—
—

Star
—»

In_sigan|

Figurell
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3.2.1.3 Description for VHDL Code flow chart

Reset Scrambler

Y

Initiate the

Register with
(1011101)

If clock
gvent

shift the
sequenced Xor the

shifted bit with in_bit
& data out= the
result bit from Xor

|

Pad z1x zeros

|

Figurel2

Padding

According to the standard there are six zeros follow the data, those

AE &ONJ)I YOofSR &4l SNB¢ oAGa F2tft2ray3a
ONI YORBR oA dad ¢K2aS oAda NBOGINY GKS
T SN adl iS¢ YR INB RSy204SR Ia adl Af
AAE oAGA 2F anXé 6KAOK I NB NBIJjdzA NBR
6KS a1 SNRB aidl GSodé th& ardr plobaBiliy SRHENS A Y L
convolutional decoder, which relies on future bits when decoding and

a
a

OFDM OVER OPTICAL ACCESS NETWORK 19| Page



which may be not be available past the end of the message. The PLCP tail

OAO0 TFTASTR akKlff o06S LINRPRddzZOSR o6& NBLX I O

the messige end with sixnod ONJ Yo f SR &l SNREé o0AGad

3.2.1.4 Post Layout Simulation

Figurel3

3.2.1.5Performance measurement
Logic utilization < 1%

Combinational ALUTs 11B/352 (<1 %)

Dedicated logic registers 31 /48,352 (< 1 %)

Total registers 31
Total block memory bits 0/2,544,192 (0 %)
Max freq 250.69Mhz
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3.2.2 Encoder

3.2.2.1 Introduction

Channel codes are a very important component of any modern
digital communication system, and they make today's effective and reliable
wireless communications possible.

The basic measure of channel codingfpanance is coding gain,
which is usually measured in dBs as the reduction of required to achieve a
certain bit error rate in AWGN channel. Hence, coding gain is the measure
in the difference between the signal to noise ratio (SNR) levels between the
uncoded system and coded system required to reach the same bit error
rate (BER) levels when used with the error correcting code (ECC).

3.2.2.2 Convolutional Codes

Convolutional codes are one of the mostly widely used channel codes
in today's systems; lathe major cellular systems (GSM;95) in use today
use convolutional channel codes. IEEE 802.11a and HiperLAN/2 WLAN
standards also use convolutional error correcting code, and IEEE 802.11b
includes an optional mode that uses them. Convolutional cadkes their
popularity togood performance and flexibility to achieve different coding
rates.

A convolutional code is defined by a set of connections between
stages of one or more shift registers and the output bits of the encoder.
The number of shift regisrs k is equal to the nominator of the code rate
and the number of output bits n is equal to the denominator. The rate of a
convolutional code is generally expressed as k/n . The number of
connections required to describe a code is equal to the produétarid n.

For each output bit there are k connections that define how the value of
the output bit is calculated from the state of the shift registers. For
example, Figurelé)shows the convolutional encoder used in IEEE 802.11a.
This is a rate code 1/2ith connections 1338 and 1718. The connections
are defined as octal numbers, the binary representations are 001 011 0112
and 001 111 0012. The octal notation is used to shorten the expressions,
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when connections for different convolutional codes are tabedat From

the binary notation, the structure of the encoder is easily constructed. The
connections are aligned to the end of the shift register, and a value of 1
means that the shift register stage output is connected to one of the output
bits of the encode using a binary XOR operation. In Figuid) (the
connection 1338 that defines values the even indexed bits b2n and the
connection 1718 defines the values of the odd indexed bits b2htglire

(14) state rate 1/2 convolutional encoder used in IEBE. 8la.

T, T T T (-
Ly ey L L 1

D l D } D}—l-l::- D I D |
T T T il [T
L T Ly L. 20+

The number of shift register elements determines how large a coding
gain the convolutional code can achieve. The longer the shift registers, the
more powerful the code is; unfortunately, the decoding compiexf the
maximum likelihood Viterbi algorithm grows exponentially with the number
of shift register elements. This complexity growth limits the currently used
convolutional codes to eight shift register elements, and IEEE 802.11a uses
only six, due to & very high speed data rates. The performance of a
convolutional code is determined by the minimum free distance of the
code. Free distance is defined using the Hamming distance that is equal to
the number of position in which two code words are differefree
distance of a convolutional code is the minimum Hamming distance
between two different code words. Before we can calculate the free
distance of our encoder we may see first the different representations of
the convolutional encoder.
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3.2.2.3Puncturirg Convolutional Codes

Usually communications systems provide a set of possible data rates;
for example, IEEE 802.11a has eight different data rates: 6, 9, 12, 18, 24, 36,
48, and 54 Mbits/s. Now if the system could only change the data rate by
adjustingthe constellation size, and not the code rate, a very large number
of different rates would be difficult to achieve as the number of
constellations and the number of points in the largest constellation would
grow very quickly. Another solution would be tmplement several
different convolutional encoders with different rates and change both the
convolutional code rate and constellation. However this approach has
problems in the receiver that would have to implement several different
decoders for all the ates used. Puncturing is a very useful technique to
generate additional rates from a single convolutional code. Puncturing was
first discover by Cain, Clark, and Gemnd subsequently the teaigue was
improved by HagenauerThe basic idea behind punctog is not to
transmit some of the bits output by the convolutional encoder, thus
increasing the rate of the code. This increase in rate decreases the free
distance of the code, but usually the resulting free distance is very close to
the optimum one thats achieved by specifically designing a convolutional
code for the punctured rate. The receiver inserts dummy bits to replace the
punctured bits in the receiver, hence only one encoder/decoder pair is
needed to generate several different code rates.

The bts that are not transmitted aréefined by a puncturing pattern
Puncturing pattern is simply a set of bits that are not transmitted within a
certain period of bits. Figure 28 shows the two different puncturing
patterns of IEEE 802.11a. The pattern ¢a)sed to generate rate 3/4 code
from the rate 1/2 mother convolutional code. This puncturing pattern has a
period of six bits, and bits 3 and 4 are punctured (not transmitted) from
each period.
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The puncturing rate is equal to 4/6=2/3 and the overall coale is
equal to 1/2*(2/3) = 3/4 , since 2/3 of the original encoded bits are output
from the puncture

The other punctured code rate of IEEE 802.11a is a rate 2/3 code.
The puncturig pattern is shown in Figur@5) has a period of 4 bits, and
the fourth bit is punctured, the puncturing rate is, 3/4 hence the oVlera
code rate is 1/2*(3/4) = 2/3.

b, [b, | b, [bs [bs [bs [bs b [be [Bs [bio| b [b.2|b.c|by [DagBie| by

(a)

b, | b |b. |bs |b. [bs [ s [Br [bs [bs [010]0:]012]bislbis [ bis[bis by

Figurel5 Puncturing patterns of IEEE

Table 3.1shows the free distances and the asymptotic coding gains
of the three code rates uskin IEEE 802.11a. The table also shows the
optimum rate 3/4 and 2/3 codes; as you can see, the performance loss due
to using punctured codes, instead of the optimum ones, is very small. The
rate 1/2 is naturally the optimum code, because the original cied®/2 a
rate code. Therefore the table does not show the punctured free distance
and coding gain values for this rate.

Table 3.4. Free Ddistances of the 64 State Convolutional Codes Used in IEEE 802.11a
Code Punctured Free|Punctured Coding|Optimum Free|Optimum Coding
Rates Distance Gain Distance Gain

i I - - 10 7.0 dB

2

2 6 6.0dB 7 6.7 dB

3

3 5 57dB 6 6.5 dB

4

Table 3.1
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3.2.2.4 Function of the Block

The IEEE 802.11a/b/g specification offers support for retyaof
other modulation and coding alternatives. For example, the standard allows
engineers to combine BPSK, QPSK, andQAM modulations with
convolution encoding (R = 1/2 and constraint length seven) to generate
data rates of 6, 12, and 24 Mbps. Alhet combinations of encoding rates,
including R = 2/3 and R = 3/4 combined with @AM, are used to generate
rates up to 54 Mbps, which are optional in the standard.

.,

__..-—lﬁ I }-ﬂ.__ *  Qutput Data A
o j_; -~ T _H‘_--':_-:--__\-‘--' —
e e -
Input Data—ee T, Ty, ™ T, e T, ™ T, T,
B ! —
I— | o Output Data B
ho

Figurel6 Convolutional encoder (K=7)

3.2.2.5 Structure

CLK144
—
Il'_bit e GULI‘EEd?
—
Mod_meode Encoder = Ouf_bit
—
Coding_Rate » Out_signal

reset
_..,_
—
In_ready
—

In_siganl

Figurel1l7
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3.2.2.6. The VHDL code description

The encoder is formed by 6 flip flops where the input to the encoder
Is the input to the first flip flop and the output is A & B where, A<=inbit xor
srg(4) xorsrg(3) xor srg(1) xor srg(0); B<=inbit xor srg(5) xor srg(4) xor srg(3)
xor srg(0); We will save the input to the encoder in a register with a variable
size according to the coding rate: At rate 1/2 we don't need to use this
register, at each clock of then_clk we will have a new inbit we will
compute A and B at the same time and will out A with the 1st out_clk and B
will out with 2nd out_clk. At rate 2/3 we will use a register with a size =4
bits ,we will have a new inbit each in_clk then compute A Brahd save
them in the register then out A of the 1st bit with the 1st out_clk , out B of
the same bit at the 2nd out_clk ,out A of the 2nd bit at the 3rd out_clk and
ignore B of this bit. At rate 3/4 we will use a register with a size =6 bits ,we
will have a new inbit each in_clk then compute A and B and save them in
the register then out A of the 1st bit with the 1st out_clk , out B of the same
bit at the 2nd out_clk ,out A of the 2nd bit at the 3rd out_clk and ignore B
of this bit then out B of the 3rbit at the 4th out_clk and ignore A of this
bit.

OFDM OVER OPTICAL ACCESS NETWORK 26| Page



Punctared Coding {r=3/4)

Source Diata |R.:||3'I:|K}|’5{3|X4|RE|XE|K?|F{H|

-

ac| A 8 A | A B as | A A

Encoded Data Cinlen Bi
E-:%E] B: 35%35 A LTl

Hit Stolen Data
(sent'recerved deta) | -\":4 B'J A‘J BJ| ')b"‘|];Ij | A‘l Bs

noN

e
Bit Inserted Data | 20 | A1 & A3

:\\‘: As %q @ Inserted Dumuy Bit

L
.
v
&
A &
[
&
7
o+

Decoded Data |},L.I |w | B |_‘3 |

Puacrured Coding {r= 2/3)

SomceData | Xo | Xi| X | % | Xy | X |

¥

Ag | A | Ax | A | A Aj

Encoded Data Bo 7 / = % By /rf’ Stolen Rit

ag[Ba| 4] 32| B 4] 8| By

¥

Bit Inverfed Data | 20 | 1| A2 As) A4) A

B @\\ E t\;\ -E_'\‘\; Inzerted Dhamary Bit
.

|}'-:| |'.'«".|.‘-'2|'_‘r'3|'.'-’.1|1'-':'-|

Bit Stolen Data

(sentirecefved data) As

Diecoded Data

Figurel8 An example of the bit stealing and bit insertion procedure
(r=3/4,2/ 3)
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3.2.2.7.Flow chart of the encoder
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3.4.2.8. Post Layo@imulation

Figure20

3.2.2.9 Performance measures
Logic utilization < 1%

Combinational ALUTSs 117 /48,352 (<1 %)
Dedicated logic registers 40/ 48,352 (< 1 %)

Total registers 40

Total block memory bits 0/ 2,544,192 ( 0 %)

Max freq  229.57 MHz

3.2.3 Interleaver

3.2.3.1. Function of block

Interleaving aims to distribute transmitted bits in time or frequency
or both to achieve desirable bit error distribution after demodulation. What
constitutes a desirable error distribution depends on the used FEC code.
WLAN systems generally assume a very slowly fading channel, also called
guaststationary, that does not change daog one packet. WLAN systems
are wide bandwidth systems, and therefore usually experience frequency
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selective fading channel. OFDM technology is well suited for
communication over slow frequency selective fading channels. Interleaving
necessarily introduce delay into the system because bits are not received

in the same order as the information source transmits them. The overall
communication system usually dictates some maximum delay the system
can tolerate, hence restricting the amount of interleavingttban be used.

All encoded data bits shall be interleaved by a block interleaver with
a block size corresponding to the number of bits in a single OFDM symbol,
NCBPS. The interleaver is defined by a-$tep permutation. The first
permutation ensures hat adjacent coded bits are mapped onto
nonadjacent subcarriers. The second ensures that adjacent coded bits are
mapped alternately onto less and more significant bits of the constellation
and, thereby, long runs of low reliability (LSB) bits are avoitl¢el.shall
denote by k the index of the coded bit before the first permutation; i shall
be the index after the first and before the second permutation, and j shall
be the index after the second permutation, just prior to modulation
mapping. The first permutan is defined by the rule

A ' 0b/ .t{kmMc0O 01 Y2R mMcgDh b Ff22ND]

The function floor (.) denotes the largest integer not exceeding the
parameter. The second permutation is defined by the rule

j =s x floor(i/s) + (i + NCBeffor(16 x /NCBPS)) mod s
AT nImAX b/ .t {

The value of s is determined by the number of coded bits per
subcarrier, NBPSC, according to

s = max(NBPSC/2,1)
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3.2.3.3 Interleaver Implementation

The implementation is basednothe equations mentioned above,
after simulating these equations on Matlab the interleaving addresses is
generated by VHDL conditions ,these addresses is used to save the coming
data (original arranged data) into LPM RAMs by the interleaved addresses,
then reading this data out and sending them using the linear address of the

RAM.

; Coded bits | Data bit
. ( oded per per
Datarate | o i tagion | CO9ME | Dsper | appar | oFDM
(MDbits/s) rate (R) | subcarrier _
(NEPSC) symbol .s;irr.'baf
(NCBEPS) (NDBPS)
6 BPSK Lo 1 48 24
9 BPSK 3 1 48 36
12 QPSK Lo 2 06 48
18 QPSK Vs 2 96 72
24 16-QAM 15 4 192 96
36 16-QAM ¥a 4 192 144
48 64-QAM 2/3 6 288 192
54 64-QAM 3 6 288 216

Figure21 Rate dependent parameters

3.2.3.4 Post Layout Simulation

¢ Jrktarkearer (k4
0 fintsdeaverimad_m..

- Jrkeriaeerch

#  Irkerlearerfarin

* | rterkeserinsignal

“ lrkerleeverdsan
_Em

* Iinkereaver(ousona

¢ etk anne

“ Inkarecver {datao:

Figure22
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3.2.3.5 Performance Measurement
Logic utilzation < 1%

Combinational ALUTs 224 148,352 (<1 %)
Dedicated logic registers 52 /48,352 (< 1 %)
Total registers 52

Total block memory bits 512/ 2,544,192 1 %)

Max freq  201.25 MHz

3.2.4 Mapper

3.2.4.1. Function of the block

The OFDM subcarriers shall be modulated by using BPSK, QPSK, 16
QAM, or 64QAM modulation, depending on the RATE requested. The
encoded and interleaved binary serialput data shall be divided into
groups of NBPSC (1, 2, 4, or 6) bits and converted into complex numbers
representing BPSK, QPSK;Q&M, or 64QAM constellation points. The
conversion shall be performed according to Gecagled constellation
mappings, illustted in Figure 116, with the input bit, b0, being the earliest
in the stream. The output values, d, are formed by multiplying the resulting
(1+jQ) value by a normalization factor KMOD, as described iedhgtion

d== (I +jQ) x KMOD

The normalizaon factor, KMOD, depends on the base modulation
mode, as prescribed in Table 81. Note that the modulation type can be
different from the start to the end of the transmission, as the signal
changes from SIGNAL to DATA, as shown in Figure 107. The pofrfuse
normalization factor is to achieve the same average power for all mappings.
In practical implementations, an approximate value of the normalization
factor can be used, as long as the device conforms with the modulation
accuracy requirements.
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Modulation Eyiop
BPSK 1
QPSK 112

16-QAM 1V10
04-QAM 1W42

Talde 3.2 Modulation-dependent normalization factor KMOD
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BPSK Q . 16-QAM Q4 bbby b
H ) 00 10 0110 11 10 10 10
o 1 - - +3 - -
- ]
- : 4 I
= 00 11 0111 1111 1011
3 -ﬁ 1 = =
QF5K Q _— 00 01 0101 P 101 1001
01 1
' 0000 0100 100 10 00
- - -I__ L] L S .
J[ 10
. -
64-QAM Q A bgbbabs bebs
000100 001100 011100 010100 |110100 111100 101100 100 100
L ] L ] L ] L ] " o L ] L ] L L]
000101 001101 011101 010101 (110101 111101 101101 100101
L] [ ] L ] L ] - L ] L ] [ ] .
000111 001111 011111 010111 |110111 111111 101111 100111
- - - - - - - - -
000 110 001110 011110 OQMO1)0 JRIOIO 111110 101110 Q1OO1LO
- - - - = - - - -
= - = o o = = e ll'-I
000 010 001010 011010 ©l0O0L0 |110010 111010 101010 100010
- . L] LI ] L] L] »
000011 001011 O©110I1 ©l00I1 |110011 111011 101011 100011
L] . L] L L] L] »
000001 O0LO01 011001 ©LOOO1 |110001 111001 101001 100001
- - - L S - . -
000000 O0LODD 011000 010000 |110000 111000 101000 100000
- - - - -T- - - - -

Figure23BPSK, QPSK,-TFAM, and 64QAM constellation bit encoding

For BPSK, bO determines the | value, as illustratetialsie 3.3 For
QPSK, bGletermines the 1 value and bl determines the Q value, as
illustrated inTable 3.4 For 16QAM, bOb1l determines the | value and b2b3
determines the Q value, as illustrated Trable 3.5 For 64QAM, bOblb2
determines the | value and b3b4b5 determines thedlug, as illustrated in
Table 3.6
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Input bit (bg) | I-out | Q-out
0 -1 0
1 ] 0

Table 3.3 BPSK encoding table

Input bat (by)

I-out

Input bit (by)

Q-out

0

-1

0

-1

1

1

1

1

Table 34 QPSK encoding table 5 QPSK encoding table

Input bits (by by | T-out Input bits (b; by) | Q-out
00 =3 00 -3
01 -1 01 -1
11 1 11 1
10 3 10 3

Table 35 16-QAM encoding table
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Input bats (by by by) | I-out Input bits (by by bs) | Q-out
000 —7 000 -7
001 -5 001 -3
011 -3 011 -3
010 —1 010 -1
110 1 110 1
111 3 111 3
101 5 101 5
100 7 100 7

Table 3.6 64-QAM encoding table
3.2.4.2 Block diagram

CLK144
—= —»=  Out_
Data_in
Mapper L » OutLQ
Mod_mode
—» Out_ready

reset
—

_-.,.
In_ready
_-...

In_signal

Figure24
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3.2.4.3 The VHDL Code description

The mapper will work when the data from previous block
(interleaver) become ready, i.e. when data_ready sigmraome activated
(high).- The mapper receives 1 bit at a time from the interleaver, so it
should form a group of bits such that each group consists of (1,2,4 or 6) bits
according to the modulation mode used and the mapper should convert
each group into az YLJX SE ydzYo SNE GKSNBF2NB 6S5SQ¢
states for the input clock (clk1,clk2,clk3,clk4,clk5,clk6), where at each i/p
Ot 201 M o0AlG A& AyLdzi G2 GKS YI LILISNE
equals 6 bits (because the max # of bits/symbol=&)bib store the
required group of bits, where | and Q will be calculated after the group of
bits is formed. - And then | and Q will be outputted at an output clock
(clk_out_mapper), and out_ready signal become activatell. we press
reset (i.e. reset=) we will start processing beginning from the 1st state
(clkl).

At the first input clock (at clkl):

The input bit is stored in §0). -Then if the modulation_mode is
.t {Y I YIFILWSNRtt OKSO|l 0KS @gFtdzS 27F
Q ae computed and out_ready become activated (high), then | and Q are
2dz0 Lz G SR AF Of lwz2dziromQ +FyR GfgSy NB
anewinputbit-- dzi A F (GKS Y2Rdzf I A2y PY2RS Aay
state (clk2).

At the 2ndinput clock (at clk2):

At clk2, the2nd input bit is stored in 1). -And if modulation_mode
Ad vt{Y I YILLSNRtt OKSO]l GKS @It dzSa
according to their values, | and Q are computed and then outputted if
Of Tyw2dzi I QmQ dgainRo thieKL& ghte B etalniid a new bit.
ButifY2 Rdzf F A2y PY2RS AayQid vdkyz gSQft S

At the 3rdinput clock (at clk3):
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A

-where at clk3, the 3rd input bit is stored indboH 0 G KSy S Qf f Sy
state(clk4).

At the 4thinput clock (at clk4)At clk4 the 4th input bit is stored in (3). -

And if modulation_mode is 16 QAM , b(0)&b(1) together will determine |

value while b(2)&b(3) together will determine Q value as shown in the
O2yaiaSttl dAz2y YI LA shdQ Wil be gubuttddFANDt | @ 2 d:
then return again to 1st state.

dzi AT Y2RdzZA I A2y WY2RS A& ok®G mMc v! ax

At the 5th input clock (at clk5):

A

-In this state the 5th input bit is stored indbn 0 G KSy 6SQft Syid!
(clkB).

At the 6th input clock (at clk6):

- At clk6 the 6th input bit is stored in(®).- And if modulation_ mode is 64

QAM , b(0)&b(1)&b(2) together will determine | value while b(3)&b(4)&b(5)

together will determine Q value as seen from the signal callagion, then

pSQftt SYGSNI mad adrQiSoou (MR Zv | RE fA To
and the above steps will be similarly repeated again for the remaining
incoming data bits.

3.2.4.4. The Calculated | and Q values in the mapper
9 bits will @ needed to represent each of | and Q, where 2 bits for
0KS AyGdS3ISNI | 0STF2NBE (GKS LRAYGOG FyR T
calculate | and Q values in 9 bits according to the modulation mode used,
where there is a modulation factor (Kmod ) that is taketo consideration.

1)- Bpsk 2) Qpsk:
bmCamnannnnnnlynl

-1=110000000=180H -M K K-8.7071=110100110 =1A6H
3)- 16Qam:
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b m kOK +0.3162=000101000=28H

-M K K M0/8162=111011000 =1D8H
bokKmMnlbndpnytrraammmmanami T ol
-0 K K M)/9487=110000111=187H

4)- 64Qam:
bMkKnuHlbandmpnolrannnamanammri mo |
-M K K 40.4543=111101101 =1EDH
bokKnHlbandncHdplr nnammmammr o. |
-0 K K 40.4629=111000101C5H

bpkKnHlb ndrtmplranmmnnnanmnlcHI
-p K K 40.475=110011110=19EH
bTkKnulbmdnynmlamannamamnrly! |

-T Kk K 41.0801=101110110=176H
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3.2.4.5. Flow chart for the mapper
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Figure25
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3.2.4.6 Post Layout Simulation

— Input
 Jmepper ekl 9%
B mzppermad_mods

* Immpperjreset

4 jmapper)in_ready
A
4

Jmepper fin_signal
[mapper|data_in
— (bt
4 jmapper)out_rezdy [0
B Imepperfous oannoit
B mepperow g Co0oooom

Figure26
3.2.4.7 Performance Measurement
Logic utilization < 1%
Combinational ALUTs 32/48,352 (<1 %)

Dedicated logic registers 14 /48,352 ( < 1 %)
Total registers 14
Total block memory bits 0/2,544,192 (0 %)

Max freq  483.56Mhz

3.2.5. Framer

3.2.5.1. Function of the Block
In each OFDM symbol, four of the subcarriers are dedicated to pilot
signals. These pilots are used for tracking the frequemcdyphase errors in
the OFDM received signal. They also help in estimating and correcting the
channel effect. These pilot signals shall be put in subcarg2ts¢7, 7 and
21. The pilots shall be BPSK modulated by a pseudo binary sequence to
prevent the generation of spectral lines.
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The polarity of the pilot subcarriers is controlled by the sequence pn :
p0..126v = {1,1,1,1;1-1-1,1, -1-1-1-1, 1,1;1,1, -1-1,1,1, -1,1,1;1,

1,411, 1,111,111, 1;1-11, 1,251,1,-2-1-11,-1,1-0 -0, 1014000,
1,111,-1,1,1,1,1-1,2-1, 1;24,14,1,-1-1-1,1, 151141, -1,171 -0, 171,11,
1,1/1,1,1,1;2,1/1-4-1-2,-0,24-11, 252,141, 2,1,051,-1,150-1,-1,1,1,1 -

1-1-1-1, -1-1-1} The sequence, pn, can be generated by the PN
GerSNI 6§2NJ RSTAYSR 0ST¥2NB 6KSy GKS al ff
NBLX F OAy 3 duf fF yRMQEE @amike sAGK md 91
used for one OFDM symbol. The first element, p0, is multiplied to the pilot
subcarriers in the SIGNAL symhuhile the elements from pl on are used

for the pilots in the data symbols.

d._| L14 P :]d_:_ Li]‘.-lj 7 L||;{ Llj_;l)[' Ll:4 Li},-. |’;.' Ll_.;.;;. Ll_u |’:| Ll_]_‘, Li_ﬁ

1
|
|
|
|
|
|
¥

21 26

Subcarrier Numbers

3.2.5.2. Block Diagram

Clk_master
E— _out
r
—» Framer — Q_out
Q_ir
— ——= Oul_ready

resat
—

In ready
—»
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3.2.5.3 VHDL Description

| in aad Q_in are the complex outputs ( real and imaginary) from
the mapper . The in_ready signal is also from the mapper to indicate the
start of the transmission. The out_ready signal indicates that a valid output
is ready in |_out and Q_out signals. Thiisck receives 48 input (I & Q )
from the mapper we insert zeros and pilots , Hence the output will be 64
sample including this zeros and pilots. Pilots are calculated from the out
put of the PNGenerator described above, which produce an output each
64 clock cycle. In the implementation of this block, we used double
buffering in order to pipeline the operation. The output pattern is formed
as the standard required for the IFFT input as showkignre(29).

Null — ] 0 0

#1 1 1 |

#26 — 26 Frr 26—

Null —— 27 27 —— : _

I\'Ell _ Time Domain Outputs
Null — 37 37 ——

=20 — 38 38—

-'f*;: — 62 | 62 —

1 —— 63 63 M/

Figure29 Inputs and outputs of the IFFT block in the 802.11a WLAN
standard
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This block has 1 symbol delay as it stores a complete symbol, output
the symbols in the right order, insert pilots and zeros in their positions.

Theoretical notes: The negative part of tiigput OFDM symbol is
transformed to the end of the symbol in the framer because the IFFT block
has a range from 0 to 64, and this has nothing to do with the signal as the
frequency domain of the DFT is periodic, therefore, this is theoretically
right. TheZeros insertion in the middle of the output frame is actually in
the high frequency part of the symbol (in the symbol, the max. freq. is at
sample 64/2 [ from the DFT properties] ).

3.2.5.4. Post Layout Simulation

3.2.5.5. Performance measurement
Logic utilization < 1%

Combinational ALUTs 77 148,352 (<1 %)

Dedicated logic registers 50/ 48,352 (< 1 %)

Total registers 50
Taal block memory bits 2560/ 2,544,192 (< 1 %)
Max freq 166.67Mhz
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