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APPENDIXA

UNIQUE COMBINATION
SEQUENCE RESULTS

Unigue combinations of the real and imaginary parts of the complex spreading sequences

are used as defined by
Crlcomb - Crl - Gz (Al)

Cilcomb = _Crl - Cz (A2)

and is shown in Figure A.1. The real and imaginary parts of the root-of-unity filtered
complex spreading sequent@and6 of length, L = 121, and samples per chippc = 8,
are depicted in Figures A.1 and A.4, while the real vs. imaginary parts of sequermb
6 are shown in Figures A.2 and A.5, respectively. The power spectral densities (PSD) for
sequencé and sequenceéare shown in Figures A.3 and A.6, respectively.

The same for complex spreading sequence 6
Cr(jcomb = CTG - Oig (A3)

Ciecomb = _C’!‘G - Ci@ (A4)

and is depicted in Figure A.4.

A.1 AUTOCORRELATIONFUNCTION

The sequencésy } of length L has periodic AC functionR,;[l], given as:

T
)

Rss [Z] == S[/{Z] . S>|< [k + l]modL (A5)
0

i
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FIGURE A.1: The Real, (a), and Imaginary, (b), part of the unique combination of CSS 1.
(L =121, RU filtered, spc = 8)
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FIGUREA.2: Real vs. Imaginary part of unique combination of complex spreading sequence
6. (L = 121, RU filtered, spc = 8)
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FIGURE A.3: Power spectral density (PSD) of unique combination of complex spreading
sequence 1(L = 121, RU filtered, spc = 8)
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FIGURE A.4: The Real, (a), and Imaginary, (b), part of uniqgue combination of CS% &=
121, RU filtered, spc = 8)
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FIGUREA.5: Real vs. Imaginary part of unique combination of complex spreading sequence
6. (L = 121, RU filtered, spc = 8)

where * denotes the complex conjugate, the index (| is computed moduld,, and the
time shift is/.

Thus for the ZC sequences, the periodic AC function is:

k(k+1) (kD mod L (B+D)mod 1, +1)
2 2

Ry [l] = Wy Wy (A.6)

for ¢ = 0 and L odd.

The periodic AC functions for the ZC sequences 1 and 6, for a length of 121, can be seen
in Figures A.7, A.8 and Figures A.9, A.10, respectively.

For a sequence, of length L the aperiodic AC function is defined as:

Rys[l] = /_ b s[l] - s*[t + 1] dl (A7)

oo

where * denotes the complex conjugate and the time shift is

In discrete time notation the aperiodic AC function can be expressed as:
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FIGURE A.6: Power spectral density (PSD) of unique combination of complex spreading
sequence 6(.L = 121, RU filtered, spc = 8)

(S s k) 0<I<L—1

Ry[l] = LU gk —1]-s* k] ;1—L<1<0 (A.8)

k=0

0 11> L

\

For ZC sequences the aperiodic AC function is:

( —L-1-1 k(kt1) SILSSHCISERY
2o W W ;0<I<L-1
(k=) (k—l41)
Raa[l] = I S Rl (A SCES N Y g (A.9)
0 J1> L

\

for ¢ = 0 and L odd.
The aperiodic AC functions for the ZC sequences 1 and 6, for a length of 121, can be

seen in Figures A.11, A.12 and Figures A.13, A.14, respectively.
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Periodic AC of RU-filtered GCL sequence (Sequence 1)
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FIGURE A.7: Periodic Auto Correlation (PAC) function of unique combination of complex
spreading sequence (L = 121, RU filtered, spc = 8)

A.2 CROSSCORRELATIONFUNCTION

The CC function shows the correspondence between two signals at different time shifts. The
periodic CC function between any two sequengeandu,, both of lengthl, is defined as:

L-1

Roull] =Y slk] - w*[(k + Dimoar] (A.10)

wherex denotes the complex conjucate, the indéxt () is computed moduld., and the
time shift is/.

Thus for the ZC sequence the periodic CC function is:

~

-1 k(k+1) —(k+D) pmod L (B+Dmo0qr,+1)

N 2 2

Raplll =Y W, 2 W, (A.11)
0

a

e
Il

for ¢ = 0 and L odd.

The periodic cross correlation functions between spreading code number 1 and 6 are
shown in Figures A.15 and A.16.

The aperiodic CC function between any two sequengeandu,, both of lengthZ, in

discrete time notation is defined as:
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Periodic AC of RU-filtered GCL sequence (Sequence 1)
0 T T T

T T

— PAC1

—— Welsh Bound
Sidelnikov Bound

I
i

-10

| 1
N =
o ol

Normalised amplitude (dB)
N
6]
T
|

_35 - -

-40 | | | | | | | | |
-800 -600 -400 -200 0 200 400 600 800
Delay samples

FIGURE A.8: Periodic Auto Correlation (PAC) function of unique combination of complex
spreading sequence 1 in decib€ls.= 121, RU filtered, spc = 8)

(

Sico sl wk+1] 0<I<L-1

Ryl = LWk — 1) - w'[k]) s1—L<1<0 (A.12)

0 1= L

\

where * denotes complex conjugate and the time shift is

For the ZC sequences the aperiodic CC function is

( L—1—1 k(k+1) —(k+1) (k+1+1)
> k=0 Wy = W, 2 0<I<L-1
(=0 (k—141)
Ralll =4 i wy, = 0, 2 << (A.13)
( 0 U= L

The aperiodic cross correlation functions for the ZC sequences are depicted in Figures
A.17 and A.18.
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Periodic AC of RU-filtered GCL sequence (Sequence 6)
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FIGURE A.9: Periodic Auto Correlation (PAC) function of unique combination of complex
spreading sequence @. = 121, RU filtered, spc = 8)
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Periodic AC of RU-filtered GCL sequence (Sequence 6)
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FIGURE A.10: Periodic Auto Correlation (PAC) function of unique combination of complex
spreading sequence 6 in decibé€ls.= 121, RU filtered, spc = 8)

A-periodic AC of RU-filtered GCL sequence (Sequence 1)
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FIGURE A.11: Aperiodic Auto Correlation (AAC) function of unique combination of
complex spreading sequence(L.= 121, RU filtered, spc = 8)
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A-periodic AC of RU-filtered GCL sequence (Sequence 1)
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FIGURE A.12: Aperiodic Auto Correlation (AAC) function of unique combination of
complex spreading sequence 1 in decibels= 121, RU filtered, spc = 8)
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FIGURE A.13: Aperiodic Auto Correlation (AAC) function of unique combination of
complex spreading sequence(6.= 121, RU filtered, spc = 8)
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A-periodic AC of RU-filtered GCL sequence (Sequence 6)
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FIGURE A.14: Aperiodic Auto Correlation (AAC) function of unique combination of
complex spreading sequence 6 in decibels= 121, RU filtered, spc = 8)

Periodic CC of RU-filtered GCL sequence (Sequences 1 & 6)
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FIGURE A.15: Periodic Cross Correlation(PCC) function between unique combinations of
complex spreading sequences 1 andl6= 121, RU filtered, spc = 8)
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Periodic CC of RU-filtered GCL sequence (Sequences 1&6)
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FIGURE A.16: Periodic Cross Correlation(PCC) function between unique combinations of
complex spreading sequences 1 and 6 in decilbéls- 121, RU filtered, spc = 8)

A-periodic CC of RU-filtered GCL sequence (Sequences 1& 6)
0.16 T T T T T

—_— ACC 1&6
—— Welsh Bound
—— Sidelnikov Bound
0.14 =
0.12 |
L 01 =
2
=
£
©
3 0.08 ] =
L
o
: |
S T
Z 0.06 - .
0.04 =
0.02 5
| | | | | | | |
-800 -600 -400 -200 0 200 400 600 800

Delay samples

FIGURE A.17: Aperiodic Cross Correlation(PCC) function between unique combinations of
complex spreading sequences 1 an@l6= 121, RU filtered, spc = 8)
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A-periodic CC of RU-filtered GCL sequence (Sequences 1 & 6)
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FIGURE A.18: Periodic Cross Correlation(PCC) function between unique combinations of
complex spreading sequences 1 and 6 in decilbéls- 121, RU filtered, spc = 8)
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RECEIVED DURING

e F.E. Marx and L.P. Linde, SABS design institute awards, 1996.
e F.E. Marx, Special Merit Award of the SAIIPL, 1996.

e L.P. Linde, D.J. van Wyk, B. Westra, F.E. Marx and W.HitBer, SABS design

institute awards, 1997.
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FIGURE B.1: Special Merit Award of the SAIIPL
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