Spread spectrum and CDMA

Welcome to the World of CDMA
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Figure 1.7 TDMA and FDMA as special cases of generic CDMA.



Spread Spectrum Techniques

By far the most popular spreading techniques are

1) Direct sequence (DS) modulation.
2) Frequency hopping (FH) modulation.
3) Time hopping.
4) Hybrid (S.S) :
*DS/FH
*DS/TH
*FH/TH

*DS/FH/TH
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Figure 1.2 Spreading in 55 communications.
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Figure 1.1 An example showing the operating principle of D3-35 multiple access. Two
users are sending two separate messages, my(f] and mlt}, simultaneously
through the same channel in the same frequency band and at the same time.
Through the use of orthogonal codes ¢,(t) and c,if), the receiver recovers the
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Multiple access using spread spectrum

Traditional ways of separating signals in time (i.e., time division multiple access,
(TDMA)), or in frequency (i.e., FDMA) are relatively simple ways of making
sure that the signals are orthogonal and noninterfering. However, in CDMA,
different users occupy the same bandwidth at the same time, bur are separated
from each other via the use of a set of orthogonal waveforms, sequences, or
codes. Two real-valued waveforms x and y are said to be orthogonal if their
cross-correlation R (0) over T is zero, where

R, (0)= | x(e)y (e )de (1.1)

0

In discrete time, the two sequences x and y are orthogonal if their cross-product
R, (0) is zero. The cross product is defined as

!
Y R
R,}.{ﬂ)—x }f—;x;}-'f (1.2)

where

.
X = I_J'-‘| *2 X1 J By: Dr.Mohab Mangoud



Orthogonal code properties

Note that 7 denotes the transpose of the column vector, which is another
representation of a sequence of numbers. For example, the following two
sequences or codes, x and y, are orthogonal:

y =[-1 1 1 —1]

because their cross-correlation is zero: that is,

R, (0)=x"y =(-1)(=1)+ (=1)(1) + (1)(1) + (1)(-1) =0

By: Dr.Mohab Mangoud



Orthogonal code properties

. The cross-correlation should be zero or very small.

. Each sequence in the set has an equal number of 1s and -1s, or the
number of s difters from the number of —1s by at most 1.

. The scaled dot product of each code should be equal to 1.

e Correlation Property
* Balance Property
e Run Property

By: Dr.Mohab Mangoud
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>odes for CDMA

Codes are classified into two families:
¢ Orthogonal Codes.
¢ Pseudorandom Noise (PN) Codes.

Kinds of Orthogonal Codes:
1-) Walsh Codes

2-) Orthogonal Gold Codes
3-) Multi-rate Orthogonal Gold Codes

Kinds of Psendorandom Noise (PN) Codes:
|-) Maximal Length Sequences

2-) Giold Codes
3-) Kasami Sequences
4-) Barker Codes.

By: Dr.Mohab Mangoud



Codes in CDMA

N\

Orthogonal codes PN codes

/N

Walsh code M-Sequence Gold code
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Orthogonal Codes

Orthogonal functions have zero cross-correlation. 'wo binary sequences are

orthogonal if the process of “XORing” them results in an equal number of 1's and 0°s
Example:

0000
0101
0101

The disadvantage here that they have a large cross-correlation value with different
offsets, much larger than PN codes.

So Orthogonal Codes have an application in perfectly synchronized environments such
as in the forward link of 1S-95.

The best known technique to generate orthogonal codes is the Hadamard transform.
Sometimes a modified Hadamard transform is applied.

By: Dr.Mohab Mangoud



35.1 Walsh Codes
3.5.1.1 Generation of Walsh Codes

Figure 3.9 shows that in a CDMA system, all the users are transmirted in the
same RF band. In order to avoid murual interference on the forward link,
Walsh codes are used to separate individual users while they simultaneously
occupy the same RF band. Walsh codes as used in IS-95 are a set of 64 binary
orthogonal sequences. These sequences are orthogonal to each other, and they
are generated by using the Hadamard matrix. Recursion is used to generare
higher order matrices from lower order ones; that s,

H, H,
Ho=lg, | (3.6)
where ﬁh- contains the same burt inverted elements of Hy, . The seed matrix is
- 0 0
o 1 (3.7)

Therefore, to derive a set of four orthogonal Walsh sequences w,, w,, w., and
w ;, we only need to generate a Hadamard martrix of order 4, or By: Dr.Mohab Mangoud
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The four orthogonal sequences in this Walsh code set are taken from the rows
of the marrix H,; that is,

w,=[0 0 0 0]
w,=[0 1 0 1
w,=[0 0 1 1]
wi;=[0 1 1 0]

By: Dr.Mohab Mangoud



For DS-SS multiple access, Section 1.2 specifies three conditions that
must be met by a set of orthogonal sequences. The three conditions are

1. The cross-correlation should be zero or very small.

2. Each sequence in the set has an equal number of 1s and —1s, or the
number of 1s differs from the number of —1s by at most one.

3. The scaled dot product of each code should equal to 1.

By changing the Os to —1s in each of the four sequences above, that is,

wo=[-1 -1 -1 —1]
w,=[-1 +1 -1 +1
wo=[-1 =1 +1 +1]
wy=[-1 +1 +1 —1]

By: Dr.Mohab Mangoud



we can facilitate the calculation of cross products and dot products. The readers
can easily verify that all of the above sequences except w, satisty the conditions.
[n general, the Oth Walsh sequence consists of all —1s and thus cannot be used
for channelization. In the [S-95 CDMA system, w, is not used to transmit any
baseband information.

Equation (3.6) can be recursively used to generate Hadamard matrices
of higher orders in order to obtain larger sets of orthogonal sequences. For
example, 8 orthogonal sequences, each of length 8, can be obtained by gene-
rating Hg; 16 orthogonal sequences, each of length 16, can be obtained by
generating H,.. The 1S-95 forward link uses a set of 64 orthogonal Walsh
sequences, thus the physical limitation on the number of channels on the for-
ward link is 63 because in an 1S-95 system, w, is not used to transmit any base-
band information.

By: Dr.Mohab Mangoud



xample 3.1

Equartion (3.6} can be used to generare H . which is

1
|

D000 0000
010 10 10 1
00 1 100 1 1

g0 110010
0000 1 1 1 1
D101 1010
00111100
0 1 10 1 00 1]

The eighr resulting orthogonal Walsh codes are

wy=[-1 -1 -1 -1 -1 =1 -1 -1
wo=[-1 +1 -1 +1 -1 +1 -1 +1]
wo=[-1 -1 +1 +1 -1 -1 +1 +1]
wyo=[-1 +1 +1 -1 -1 +1 +1 —1]
w,=[-1 =1 =1 =1 +1 +1 +1 +1]
-1 +1 -1 +1 +1 -1 +1 —1]

-1 +1 +1 -1 +1 -1 -1 +1]
By: Dr.Mohab Mangoud



Walsh Codes
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3.5.1.2 Channelization Using Walsh Codes
The following example illustrates how Walsh codes can be used for DS-SS mul-

tiple access. Suppose that there are three different users, and each user wishes to
send a separate message. The separate messages are

m=[+1 -1 +1] m,=[+1 +1 —-1] my[-1 +1 +1]

Each of the three users is assigned a Walsh code, respectively:

By: Dr.Mohab Mangoud



my (2 )y (1)

-1 +1 -1 +1

3
I

-1 -1 +1 +1]

—

wy=[-1 +1 +1 -1

-

Each message is spread by its assigned Walsh code. Note that the chip rate
of the Walsh code is four times the bit rate of the message, contributing to a
pmcessing gain of 4. For message one:

Note that m,(#)w,(¢) is the spread-spectrum signal of the first message.

By: Dr.Mohab Mangoud



ma(t) 1 1 -1

ma(t) 1 1 1 1 1 1 1 1 =1 -1 -1 -l
wilt) -1 -1 1 1 -1 =1 1 1 =1 -1 1 1
(8 Jers() -1 -1 1 1 =1 =1t 1 1 1 1 =1 -

For message three:

ma(t) 1 1 1

ma(t) -1 -1 -1 -1 1 1 1 1 1 1 1 1
wy(t) -1 1 1 -1 -1 1 1 -1 -1 1 1 -
(2 s (1) 1 -1 -1 1 -1 1 1 =1 -1 1 1 -

The spread-spectrum signals for all three messages, o (f)wn(z),
o ) un(t), and m(e)uy(e), are combined to form a composire signal C(#);
thar is,

C(t )= (1t o (2 )+ (e oo () + (2 )y (2)

The resulting C(2) is

cle) -1 -1 -1 3 -1 -1 3 -1 -1 3 -1 -

By: Dr.Mohab Mangoud



C(z) is the composite signal thar is transmitted in the single RF band. If
there are negligible errors during the transmission process, the receiver inter-
cepts C(#). In order to separate out the original messages (), m(t), and
ms(t) from the composite signal C¢), the receiver muldplies C(z) by the
assigned Walsh code for each message:

Clt hun (1) 1 -1 1 3 1 -1 -3 - 1 3 1 -1
Cl Jawra(r) 1 1 -1 3 1 1 3 - 1 -3 -1 -l
Cl Jurs(r) 1 -1 -1 -3 1 -1 3 1 1 3 -1 1

Then the receiver integrates, or adds up, all the values over each bir period. The
functions M, (), M,(¢), and M,(¢) are the results:

Ce Jury (1) 1 -1 1 3 1 -1 -3 -1 1 3 1 -1
M) 4 —4 4
Cle Jurs(r) 1 1 - 3 1 1 3 -1 1 -3 -1 -l
M,(t) 4 4 —4
Cle ws(r) 1 -1 -1 -3 1 -1 3 1 1 3 - 1
My(t) —4 4 4

A “decision threshold™ looks at the integrated functions M(# By: pr.Mohab Mangoud



C(t)wslt) 1 -1 -1 -3 1 -1 3 1 1 3 -1 1
M;(¢) —4 4 4

A “decision threshold” looks at the integrated functions M(z), M:(¢), and

M.(#). The decision rules used are

Ait)=1 if M(¢)=0
i) ==1 if M(¢)<0

Afrer applying the above decision rules, we obtain the results:

i (¢) 1 -1 1
() 1 1 -1
ing(2) -1 1 1

3.5.1.3 Concluding Remarks

We have just illustrated how orthogonal Walsh codes can be used to provide
channelization of different users. However, the ability to channelize depends
heavily on the orthogonality of the code sequences during alf stages of the
transmission. For example, if due to muldpath delay one of the users’ codes is

By: Dr.Mohab Mangoud



delayed by one chip, then the delayed code is no longer orthogonal to the other
(nondelayed) codes in the code set. For example, the two Walsh codes

wo=[-1 -1 +1 +1|
w,=[-1 +1 +1 -1

are orthogonal. However, if w, is delayed by one chip, thart is,

wh=|-1 -1 +1 +1]

then the reader can easily verify that w, and w'; are no longer orthogonal.
Therefore, synchronization is essential for using Walsh codes for D5-55 multi-
ple access. In practice, the IS-95 CDMA system uses a pilot channel and a sync
channel to synchronize the forward link and to ensure thar the link is coherent.

By: Dr.Mohab Mangoud
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Figure 1.1 An example showing the operating principle of D3-35 multiple access. Two
users are sending two separate messages, my(f] and mlt}, simultaneously
through the same channel in the same frequency band and at the same time.
Through the use of orthogonal codes ¢,(t) and c,if), the receiver recovers the
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Figure 1.3 Time waveforms and frequency spectra for the signals at different points of
the recaiver.
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Example: WCDMA: THE SPREADING PROCESS

WCDMA uses Direct Sequence spreading, where spreading process is
done by directly combining the baseband information to high chip rate
binary code. The Spreading Factor is the ratio of the chips (UMTS =
3.84Mchips/s) to baseband information rate. Spreading factors vary from
410 512 in FDD UMTS. Spreading process gain can in expressed in dBs
(Spreading factor 128 = 21dB gain).

Chip rat 30kbit/s channel § _ 3840k  Spreadin
Speading factor = b e MG }= _ 2P g

Datarate =ik 15k symbols/s 15k ~ factor 256

W/Hz

Non-Spread Signal
OITIPTEE '523;. Spread Signal




WCDMA Spreading

TDD WCDMA uses spreading factors 4 - 512 to spread the base band data over ~5MHz band. Spreading factor in dBs
indicates the process gain. Spreading factor 128 = 21 dB process gain). interference margin is caicuiated from that:

Interference Margin = Process Gain - (Required SNR + System Losses)

Required Signal to Noise Ration is typically about 5 dB

«System losses are defined as losses in receiver path. System losses are typically 4 - 6
dBs

~15 KHz BW ~5 MHz BW ~ 5 MHz BW ~15 KHz BW
) )
B - _ e LE [ e
0 fi fi | 0 I
Speech Data Spread Signal Spread Signal + Recenred Data
Interference
Basehand | Frneoding and Direct Sequence Direct Sequence Deinterleaving Recewved
Data Interkearing S reading Despreading and Decoding Data
~H5MHz BW
|
!
|
i B g i
Bac kgrowund MNoise External Inderference Same Cell Interference



Advantages of CDMA
Improving the & eliminating the

Enhancing and through the
spreading of voice signals.

Reducing average transmitted power

Also reducing interference to other electronic
devices.



Thank you for attending this course

 End of the course



Feedback survey
— Tell me what you think about this course
- STOP
— Continue
— | suggest

— Please email me your opinion and suggestions on:

mangoud@ eng.uob.bh
mangoud@vt.edu



