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Spread Spectrum Techniques
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Spread Spectrum Techniques
Texvikec Ataomopac Qaocpotoc

Spread Spectrum techniques use a transmission
bandwidth that is several orders of magnitude
greater than the required bandwidth to spread
the data (Xpnowpomolouv eva eUpoc {wvng oAU
LEYAAUTEPO OO AUTO TIOU TMPAYMOTLKA XPELAlETAL
yla Staomeipouv ta Sedougval).



Spread Spectrum Techniques
Texvikec Ataomopac Qaocpotoc

Each bit of the data that we want to transmit is
encoded using a sequence of digits (chips) known
as a Spreading Code = KabBe bit twv dedopcvwyv
1o Ba StadoBouv KwOLKOTIOLETOlL
Xpnotpomowwvtoc pla akoAouvBia Ynodlwv (ta
Pndla avta ovopalovtat chips) n omola eival
yvwotn we¢ o Kwdikac AloeTtopac.

Each bit (0 or 1) that will be transmitted by the

transmitter in the specific channel is encoded

using the same Spreading Code.

During Spreading, data bit O is represented as -1
and data bit 1 is represented as +1.



Spread Spectrum Techniques
Texvikec Ataomopac Qaocpotoc

se_nder channel output Z, _
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Data bit O———> -1 data . T S —>O—> K 1 1
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.
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Spread Spectrum Techniques
Texvikec Ataomopac Qaocpotoc

Example: We want to transmit Data = (0, 1) using the
Spreading Code=(1,1,1,-1,1, -1, -1, -1)
Data = (-1, +1) | pwesio——11 | | pabici—>
Bit 0 will be encoded and transmitted using the
following chip sequence:
(-1).(3,1,1,-1,1,-1,-1,-1)=(-1,-1,-1,1,-1,1,1,1)
Bit 1 will be encoded and transmitted using the
following chip sequence:
(+1).(1,1,1,-1,1,-1,-1,-1)=(1,1,1,-1,1, -1, -1, -1)




Spread Spectrum Techniques
Spreading and Despreading

Example: Spreading

ﬂ

- Encode (Spread) = ( (

— Spread Data = (

Data bit 0——> -1

Data bit 1———>+1 |




Spread Spectrum Techniques
Spreading and Despreading

The Receiver will use the same Spreading Code to Despread
(Decode) the chip sequence received.

Example: The Receiver receives the chip sequence
(_11 _1) _1; 1; _1; 1; 1) 1)

Decoding of the chip sequence (applying dot product) using the
Spreading Code (1,1, 1,-1,1, -1, -1, -1):
(-1,-1,-1,1,-1,1,1,1).(2,1,1,-1,1,-1,-1,-1) =
=(-1,-1,-1,-1,-1,-1,-1,-1) =
= (-8)

f decoded data< 0 —> Data bit 0
f decoded data>0 - Data bit 1
f decoded data == - No data




Spread Spectrum Techniques
Spreading and Despreading

Example: Despreading

Step Decode Receiver (Despreading)

Spreading Code (SC)=(1,1,1,-1,1, -1, -1, -1)
-1,-1,-1,1,-1,1,1,1

SC
-1,-1,-1,1,-1,1,1,1 (,1,1,-1,1,-1,-1,-1)
-1-1-1-1-1-1-1-1
Decoded Data’ -8 0
f decoded data< 0 —> Data bit 0
f decoded data >0 —> Data bit 1
f decoded data == - No data




Spread Spectrum Techniques
Spreading Factor & Processing Gain

As illustrated in the previous example, after
despreading the amplitude of the signal increases by
a factor of 8 (analogous to the length of the
Spreading Code =2 this is called the Spreading Factor

(SF))

This effect is termed ‘Processing Gain’ and is a
fundamental aspect (sival eva BepeAiwdec otoxeio)
of all Spread Spectrum systems.

Processing Gain (45 = 10 log,, (SF)



Spread Spectrum Techniques
Spreading Factor & Processing Gain

In the previous example the Processing Gain is 9dB
(10 x log,((8)) = This means that the signal energy
can be increased by 9dB after despreading.

Thus, assuming that the minimum SNIR required by
the Receiver (Demodulator) for decoding the signal
correctly is 5dB, the SNIR that the signal can have
before despreading is therefore 5 dB minus the
Processing Gain (i.e., 5dB — 9dB = - 4 dB).

In other words, the signal power, can be 4 dB under
the interference or thermal noise power, and the
Receiver (Demodulator) can still decode the signal
correctly.



Spread Spectrum Techniques
Spreading Factor & Processing Gain

The number of chips that will be used (i.e., the length

of the Spreading Code) to spread one bit of data is
defined by the Spreading Factor.

The Spreading Factor is given by:

Chip _ Rate

Spreading _ Factor = —
Bit Rate




Spread Spectrum Techniques
Spreading Factor & Processing Gain

Using W-CDMA (Wideband-Code Division Multiple Access,
which is used in 3G Networks) we have 5Mhz carrier
bandwidth and a Chip Rate of 3.84 Mcps to Spread the data.

Note: CDMA uses a carrier bandwidth of 1.25 MHz and a
Chip Rate of 1.22Mcps.

Thus, if we transmit a video clip with Bit Rate of 128Kbps
the Spreading Factor will be:

3,840,000chips/sec
128,000bits / sec

Spreading _ Factor = 30

Each bit will be spread using a Spreading Code of length 30.
Processing Gain = 10 x log,,(30) = 14.77 dB



Spread Spectrum Techniques
Spreading Factor & Processing Gain

Processing Gain allows the received signal power to
be under the interference or thermal noise power
(i.e., improves reception), and the Receiver can still
detect the signal.

Detection of a Spread signal is difficult without
knowledge of the Spreading Code.

Spread Spectrum systems originated in military
applications as it is very difficult to interfere with
(moAU OUokoAa mopepBarietal) and difficult to
identify the signal (oAU duokoAa avayvwplletal n
nAnpodopia Tou peTadPEpPELl To onupa) without
knowing the Spreading Code.



Spread Spectrum Techniques
Advantages

Several advantages can be gained from this apparent
waste of spectrum (amo oavutil tThv mnpodavi
“ontataAn” touv dacpatoc) by this approach:
The signals gains immunity from various kinds of
noise and interference (Ta onuaTat QTOKTOUV
ueyaAvtepn avooioe oto B0opufo KAl  OTLC

nopepBolec) — Due to the Processing Gain that can
be achieved

The earliest applications of spread spectrum were
military, where it was used for its immunity to
jamming (ovoola oe Bopufo kot apeUPOAEC e
OKOTLO TO MUTTAOKAPLOMA TWV KAVOALWV).



Spread Spectrum Techniques
Advantages

It can also be used for hiding and encrypting signals
(Xpnowuomotovvtot yLa arnokpuyn KOl
Kpuntoypadnon Twv onuatwy).
Only a recipient who knows the spreading code
can recover the encoded information.

Several users can independently use the same
bandwidth at the same time with very little
interference.

This property is used in cellular telephony
applications (e.g., in UMTS Networks), with a
technique known as Code Division Multiple
Access (CDMA).



Code Division Multiple Access (CDMA)

Divides up a radio channel not by frequency (as in FDMA), not
by time (as in TDMA), but instead by using Code Sequences
(Spreading Codes) for each user.

Guard Spaces (For keeping the different channels
independent) are realized by using codes with the necessary
‘distance’ in code space, e.g., Orthogonal Codes.

These codes are derived == sz s
from an  Orthogonal T P

| 162)=11111111111111141

. o -
Variable Spreadlng Factor o opiiaagy | SSSsLALLILILL
(OVSF) code tree, and e rrvrvevrrvem
[ ] [ ] _ rE 4
each user is given a s e

C169)=1-11-11-11-11-11-11-11-1

different, unique code. R s prvwovereTreTYTYYPY
1111111

C(1611)=1-11111-1111111111
[
|_c@e12)=111111114141111141

C1613)=1-1-111-1-111-1-111-1-11
| C1614)=1-1-111-1-11-111-1-111-1

Ce7)=114114111

C(1615)=1-1-11-111-11-1-11-111-1

CEg)=111111141

|_Ctilele)=1-1-11-111-1-111-11-1-11




Code Division Multiple Access

Orthogonal Codes

Orthogonal codes have a cross-correlation equal to zero; in
other words, they do not interfere with each other

Their dot product (operation of vectors) is equal to zero
An example of orthogonal codes (vectors) is provided below:

Cl = (1I 1) 1) 1)’

c2=(1,-1,1,-1),
C3= (11 1) _1) _1)1
C4 = (11 _1) -11 1)1

These vectors (codes) will be assigned to individual users
and are called the Spreading Codes

C

G

G

C4

[+1 +1 +1 +1] I

[+1 -1 +1 -1] I

+1 +1 -1 -1] I

[+1 -1 -1 +1] I




Code Division Multiple Access

Orthogonal Codes Examples:

Question 1: Is SC1 = (1, -1, 1, -1) and SC2 = (1, 1, -1, -1),
orthogonal?

Answer 1: For these two Spreading Codes to be orthogonal
their dot product (SC1 . SC2) must be equal to 0.

(1,-1,1,-1).(1,1,-1,-1) = (+1-1-1+1) =0

Their dot product is equal to O, therefore these two Spreading
Codes are orthogonal



Code Division Multiple Access

Orthogonal Codes Examples:

Question 2: Is SC1 = (1, -1, 1, -1) and SC2 = (1, -1, -1, -1),
orthogonal?

Answer 2: For these two Spreading Codes to be orthogonal
their dot product (SC1 . SC2) must be equal to 0.

(1,-1,1,-1).(1,-1, -1, -1) = (+1 +1 -1 +1) = +2

Their dot product is not equal to O, therefore these two
Spreading Codes are NOT orthogonal



Code Division Multiple Access -
Example of Spreading and Despreading a Signal

Each user is associated with a different Spreading Code, say C
During the Spreading of the Data bits:

Data bit 0 will be represented as -1

Data bit 1 will be represented as +1
For example:

C=(1, -1, -1, 1) (this is the Spreading Code and in this case the
Spreading Factor is equal with 4)

The Data Bit Stream (1, O, 1, 1) would correspond to (C, -C, C, C)
The Spread Data will be:
((1; -1; -11 1); (-11 11 1; -1)1 (11 -11 -11 1)1 ( 1/ -1; -11 1))

‘ Data bit 0——> -1 \ ‘ Data bit 1————> +1 \ ‘ Silence —>0 \




Code Division Multiple Access -
Example of Spreading and Despreading a Signal

Example of encoding (Spreading) and
decoding (Despreading) a signal

“Sender 1” has a
Spreading Code (C,) = (1, -1, -1, 1)
Data (D,) =(1,0, 1, 1), and
“Sender 2”
Spreading Code (C,) = (1, 1, -1, -1)
Data (D,) = (0, 0, 1, 1), and
Both senders transmit simultaneously



Code Division Multiple Access -
Example of Spreading and Despreading a Signal

Encode Sender 1 (Spreading)
C1 = (11 '11 '11 1)1 D]_ = (11 0; 1} 1)

Encode1=(C, -C,,C,,C,) =
((11 '11 '11 1))('11 1) 1) '1)1(11 '11 '1) 1))(11 '11 '11 1))

Spread Signal1-=(3,-1,-1,1,-1,1,1,-1,1,-1,-1,1,1,-1,-1, 1)

cz = (11 1; '1; '1)1 Dz = (Or 0) 1) 1)

Encode 2 = (-C,, -C,,C,,C,) =
(('11 -1I 1) 1))('11 '1; 1) 1)) (11 1; '11 '1)1 (11 1; '11 '1))




Code Division Multiple Access -
Example of Spreading and Despreading a Signal

The physical properties of interference say Constructive Destructive
. . . . Interference . Interference Signals are slightly out
that if two signals at a point are in phase, e Signals are completely of phase
. " " . . Signals are in phase out of phase
they will "add up" to give twice the

, , , AN AN ANAWA AWAA
amplitude of each signal, but if they are out d

Vv i VVV:e VV Vi

of phase, they will "subtract" and give a NS AL AN

signal that is the difference of the
amplitudes. /\/\/\ : {/\\//\\//\\/’,

Because Signal 1 and Signal 2 are transmitted at the same time using the
same frequency band, we'll add them together to model the raw signal in
the air. This raw signal may be called an Interference Pattern.

Interference Pattern:



Code Division Multiple Access -
Example of Spreading and Despreading a Signal

Question: How does a Receiver make
sense of this Interference Pattern?

Answer: The receiver knows the
Spreading Codes of the senders. Using
these Spreading Codes on the received
interference pattern can extract an
intelligible signal for any known sender.



25

Step Decode Sender 1 (Despreading)
0 C1 — (1) '1; '11 1))
Decode 1 = Interference_Pattern . C, =
1 -(1; '1; '1r 1) =
(0+2+0+2),(-2+0-2+0),(2+0+2+0),(2+0+2+0))
2 Datal=(4,-4,4,4)=(1,0,1,1)
Step Decode Sender 2 (Despreading)
0 c2= (11 1) '1) '1))
Decode 1 = Interference_Pattern . C, =
1 -(1r 1; '1) '1) =
((0-2+0-2),(-2+0-2+0),(2+0+2+0),(2+0+2+0))
2




Code Division Multiple Access
Example of Spreading and Despreading a Signal

Available
bandwidth




Code Division Multiple Access -
Example of Spreading and Despreading a Signal

C

+1 +1 +1 #1711 l

G

Bit O
-1

d, . ¢

Y -1 -1 -1 -1]

dy-¢;

1 +1 -1 +1] Y

[-1 -1 -3 +1]

Data

[0 0 0 O]

ds- ¢
[+1 +1 -1 -1] 3

0

Silent

C G

[+1 -1 -1 +1]

dy ¢y

Common
channel

[+1 +1 +1 +1] I [+1 -1 +1 -1] I +1 +1 -1 -1] I

[+1 -1 -1 +1] I




Code Division Multiple Access -
Example of Spreading and Despreading a Signal

o {1 0 —
Time

Bit 0 —»ﬁ—> 1 +1 -1 +1] | || | >
I Time

Silent —»3—» 0 0 0 O >
Time

Bit 1 —»ﬁ—» 1 <1 -1 +1] II | I >
Time

Time

Data on the channel ﬁ




Code Division Multiple Access -
Example of Spreading and Despreading a Signal

Data on the channel
Time

Station 2’'s code

3 i [+1 -1 +1 -1] >
Time

Inner product result >
Time

Summing the values . >
Time

-4 —» -4/4 — -1 —> Bit0



Code Division Multiple Access -
Example of Spreading and Despreading a Signal

Question: In the example
provided in the previous slides,

Station 3 (S3) did not send any | —

data to the channel. What will
happen when the receiver,
during Despreading, correlates
the Spreading Code of S3 on the
Interference Patter (i.e., the
data on the channel)?

Answer: When the receiver
correlates the interference
pattern with the Spreading Code
of S3, the summing of the values
of the despread signal will be
equal to 0 = Thus no data are
included in the channel for S3.

BitO [1-1 -1 -1]
Bit 0 1 +1 -1 +1]

Bit 1 1 -1 -1 +1]

Data on the channe

For example:
Interference Pattern: (-1, -1, -3, 1)
$32>C,=(1,1,-1,-1)

Despreading of S3:
(-1,-1,-3,1).(1,1,-1,-1) =
=-1-1+3-1=-3+3=0 = No Data



Code Division Multiple Access -
Example of Spreading and Despreading a Signal

FOR HOME PRACTICE - Example of encoding (Spreading) and
decoding (Despreading) a signal with 4 users 2>

“Sender 1” has a

Spreading Code (C,) =(1, 1, 1, 1), Data (D,) = (O, 0)
“Sender 2”

Spreading Code (C,) = (1, -1, 1, -1), Data (D,) = (0, 1)
“Sender 3”

Spreading Code (C;) = (1, 1, -1, -1), Data (D;) = (1, O)
“Sender 4”

Spreading Code (C,) = (1, -1, -1, 1), Data (D,) = (1, 1)
All senders transmit simultaneously



Code Division Multiple Access -
Example of Spreading and Despreading a Signal

Example of encoding (Spreading) and decoding (Despreading) a
signal with 4 users,

“Sender 1” Spread Signal.:
(-1,-1,-1,-1,-1,-1,-1,-1)
“Sender 2” Spread Signal:
(-1, 1,-1, 1, 1,-1, 1,-1)
“Sender 3” Spread Signal:
(1, 1,-1, -1,-1,-1, 1, 1)
“Sender 4” Spread Signal:
(1, -1,-1, 1, 1,-1, -1, 1)

Interference Pattern (We add all the signals together)
(0; 0; '4; 0; or '4) 0, 0)



Code Division Multiple Access -
Example of Spreading and Despreading a Signal

Example of encoding (Spreading) and decoding (Despreading) a
signal with 4 users (Interference Pattern: (0, 0, -4, 0, 0, -4, 0, 0))

“Sender 1” Despread Signal (C, = (1, 1, 1, 1))

((0, 0,-4, 0),(0, -4, 0, 0)).(1,1,1,1)=(-4,-4) - Data (0, 0)
“Sender 2” Despread Signal (C, = (1, -1, 1, -1))

((0, O, -4, 0), (0, -4, 0, 0)).(1,-1,1,-1)=(-4, +4) - Data (0, 1)
“Sender 3” Despread Signal (C; = (1, 1, -1, -1))

((0, O,-4, 0), (0, -4, 0, 0)).(1,1,-1,-1)=(+4, -4) > Data (1, 0)
“Sender 4” Despread Signal (C, = (1, -1, -1, 1)):

((0, 0,-4, 0),(0, -4, 0, 0)).(1,-1,-1,1)=(+4, +4) > Data (1, 1)



Code Division Multiple Access

In contrast with FDMA and TDMA which are
bandwidth and time Ilimited, CDMA s
interference limited.

Because all users transmit on the same
frequency and at the same time, internal
interference generated by the users (related to
the transmission power used by each one of
them) is the most significant factor in
determining system capacity and call quality.

Each user is a source of interference to all
the other users in the cell.



Code Division Multiple Access

To increase capacity, the transmit power for each user
must be reduced to limit interference.

However, the Received signal power (at the BS)
should be enough to maintain the minimum required
SNIR needed by the Receiver, so as to decode the
signal (symbol) correctly, for a satisfactory call
quality.

Thus, the goal is all MSs’ transmitted signals to reach
the Base Station and received with about the same
signal power (and equal to the minimum required
SNIR) from the BS - Otherwise some signals could
drown others.



Code Division Multiple Access
Near Far Problem

If all MSs transmit with the same power, signals
transmitted from MSs closest to the BS will be received
with much larger power than signals from MSs further
away.
Due to the difference in the path lengths higher
propagation path loss is experienced for users
further away from the BS.

The received SNIR for signals transmitted from MSs
far from the BS will be low.

Mhus, signals from MSs close to
the BS will drown out signals from
MSs far away from the BS.

Solution: Power Control!!!

Distance




Code Division Multiple Access

Near Far Problem — Power Control

Rx-level MS-

0 Power control is essential in
order to  maintain the
transmission power levels used
by the MSs to the lowest level .,

Base Station

n e Ce Ssa ry 9 REd u ce Without Power Control:
° ° ° Tx level MS-1 = Tx level MS-2 = Tx level MS-3 ——
I nte rfe re n ce to the m I n I m u m R level MS-1 < Rx level MS-2 < Rx level MS-3
and maximize the capacity of wnromrcoma
Tx level MS-1 > Tx level MS-2 = Tx level MS-3 —»
t h e SySte m. Rx level MS-1 = Rx level MS-2 = Rx level MS-3

One of the main is to
at the BS is and

aiming to to the b
however for the to be the signal
correctly (i.e., received signal SNIR = minimum required SNIR).
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Spread Spectrum Techniques
Texvikec Ataomopac Qaocpotoc

The first type of spread spectrum developed is
known as Frequency Hopping (FH).

A more recent type of spread spectrum is Direct
Sequence (DS).

Both of these techniques are used in various
wireless communications standards and products.



Frequency Hopping Spread
Spectrum (FHSS)

When using FHSS, the available Frequency
Spectrum (bandwidth) is divided into channels (To

SloBolpo evpoc lwvnc Olatpeital o KavoAla
LLLKPOTEPOU EVPOUC).

Energy

A

2 & 3 6 1 i 4 2

l | | | | l | I 3

(a) Channel assignment



Frequency Hopping Spread
Spectrum (FHSS)

Data are transmitted (spread) on these channels in a
random pattern (pe eva tuyaio potifo) (this random
pattern is defined by a Hopping sequence Table)
generated by a pseudorandom algorithm known only to
the Transmitter and Receiver.

The Transmitter transmits data on one frequency
channel for a certain time, then randomly jumping
(hopping) to another, and transmitting again.

Frequency

The Receiver, hopping 4

. I =
between frequencies (N ] —
in synchronization (o¢ b —
ouyxpoviopo) with the o _— — ]

Transmitter, picks up 1 =
the message. (5) Ghanne! use



Frequency Hopping Spread
Spectrum (FHSS)

Because collocated FHSS networks follow different
random patterns, multiple systems/networks can
operate in close proximity with a minor possibility of
interfering  (Emewdn  ouvopevovta FHSS  Oiktua
okoAouBouv SradopeTika Tuyaia pnotifa
avannénong Unopouv va AELTOUPYNOOUV OE KOVTIVEC
QTMOOTACELC HE eAaxlotn mBavotnta va mPokKaAouv
nopeUPBoAEC TO Eva 0TO AAANO).

If interference is present on one channel, data
transmission is blocked (i.e., the data is lost).

The Transmitter and the Receiver will ‘hop’ to the
next channel in the Hopping Sequence Table and
the Transmitter will resend the data again.



Frequency Hopping Spread
Spectrum (FHSS)

Advantages of FHSS:

Allows a number of FHSS systems/networks to
operate in close proximity in the same geographic
area with a minor possibility of interfering.

Eavesdroppers that do not know the hopping
sequence will “hear” only unintelligible blips
(akatovontou oTypLaiovc AXouc).

Attempts to jam the signal on one frequency
channel will affect only a few bits.



Frequency Hopping Spread
Spectrum (FHSS)

Disadvantages of FHSS:

It has a relatively low transfer limit, since only a
specific amount of information can be sent over any
given frequency channel (e.g., in the case of
Bluetooth only 1 MHz of bandwidth can be used to
spread the data at each hop)

There is no built in redundancy or error checking,
which means that once there is a certain critical
limit of ‘bad’ channels, FHSS becomes nearly
unusable = Too many bits come out corrupted.



Frequency Hopping Spread
Spectrum (FHSS)

Due to the need for rapidly switching between
different channels (hardware complexity), and the
low data transfer limitation, FHSS is not widely
implemented in today’s WLAN or cellular systems,
however Bluetooth (WPAN) does use FHSS.

Bluetooth divides the available bandwidth into 79
channels of 1Mhz each.

The first channel starts at 2,402 MHz and
continues up to 2,480 MHz in 1 MHz steps.

It performs 1600 hops per second = ~0.625 ms per
time slot



Direct Sequence Spread Spectrum
(DSSS)

The DSSS encoder spreads the data across a broad
range of frequencies (dioomeipel ta dedopeva oe eva
gupl ¢aoua ovyxvotntwv; usually in the whole

available bandwidth) using the Spreading Code.

The higher the Bandwidth (and thus the higher the
Chip Rate that can be used) to spread the data, the
larger the Spreading Code > Thus the higher the
Processing Gain that can be achieved and thus
lower power density is required during

transmission!

The Receiver uses the same Spreading Code to

decode the data.



Direct Sequence Spread Spectrum
(DSSS)

43 |
7 Compared to Narrowband transmissions, DSSS
transmissions uses a much lower power density
(power/frequency) to send the data.

P Narrow Band Information Signal
0 [Before Spreading)
W
E
R
Spread Spectrum Signal
[After Spreading)

FREQUENCY



Direct Sequence Spread Spectrum
(DSSS)

At the Receiver, Narrowband
interference affects only a small Narow o
part of the DSSS signal. /\nleﬁerencesgna

2710 Receiver, mapeuBoAec ot omolec
Direct Sequence

Power

ennpealouv eva ULKPO KOUUATL TOU
gupouc {wvnc rou SLaoTIEIPETAL TO p Syt il
onua Ja ENMNPEACOUV EVO UIKPO / \
KOUUOTL TOoU dlooTtopUEVOU
ONUATOC.

QU

I ik



Direct Sequence Spread Spectrum
(DSSS)

When the DSSS signal is decoded back to Decoded Signal
its original state, the narrowband
interference picked up during transmission
is decoded to a lower power density signal
thereby reducing its effects and thus
ignored (filtered) by the Receiver (Due to ererence
Processing Gain) | Signdl

Otav to DSSS onua amokwdikomolnbet otnv
aPXLKA TOU KATAOTAON, TO CAMO EVIOXUETOL 902N ey g8k
(e PBaon Tto Processing Gain) kol ot

noPeEUPOAEC MOU emnpealov TO MUKPO

e0POC OUXVOTATWV TOU OSLOOTTAPHEVOU
ghaylotonmowovvtal KAl  OTO  TEAOC

olyvoouvtol aro tov Receiver.

Power




Direct Sequence Spread Spectrum
(DSSS)

As the whole available bandwidth is used to spread the
data, DSSS achieves better Processing Gain than FHSS
(Spreading Codes with higher length can be used)

Thus, better resistance to Interference and moreover
improved reception at the Receiver.

Better resistance to intended or unintended jamming
(KaAUtepn oavoxn o€ OKOTIMEC N uNn TopeUBOAEC N
B6pufo yla va pumAoKapouyV To onua)
Lower levels of transmission power required to send
a signal and thus:

Less battery consumption in the Mobile Terminal

Less Interference caused in the System



