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The signal reaching one of the receiving units D, through
D,,may be amplified via an RF amplifier, as shown in block
348.

The signal may be synthesized to a specific frequency or
frequencies, as shown in block 350.

The signal may pass through a BPF, as shown in block
352.

The signal may be amplified via an intermediate fre-
quency amplifier with automatic gain control, as shown in
blocks 354 and 356.

The signal may be converted from analog to digital via an
analog to digital converter, as shown in block 358. The
signals may comprise in-phase portions and quadrature
phase portions.

A non-binary despreading PN sequence generator then
may generate a first non-binary (or 1-bit binary) despreading
PN sequence for the in-phase portions of the signal, as
shown in block 360.

The in-phase portion of the signal may be overlaid with
the first non-binary (or 1-bit binary) despreading PN
sequence, as shown in block 362.

The in-phase portion of the signal may be summed over
the length of the 1-bit non-binary despreading PN sequence,
as shown in block 364.

The non-binary despreading PN sequence generator (or
another generator) also may generate a second non-binary
(or 1-bit binary) despreading PN sequence for the quadrature
phase portions of the signal, as shown in block 366.

The quadrature phase portion of the signal may be over-
laid with the second non-binary (or 1-bit binary) despread-
ing PN sequence, as shown in block 368.

The quadrature phase portion of the signal may be
summed over the length of the non-binary (or 1-bit binary)
despreading PN sequence, as shown in block 370.

The in-phase portion of the signal and the quadrature
phase portion of the signal may be demodulated via a digital
demodulator, as shown in block 372.

The signal may be deinterleaved via a deinterleaver, as
shown in block 374.

The signal may then be decoded, as shown in block 376.
For example, an encrypted signal may be decrypted.

This results in a completed data transmission, as shown in
block 378.

Calculations for signal manipulations for a relay network
with one transmitting unit, two relays, and two receiving
units will now be described.

The signals received at relays R, and R, are represented
by y,and Y, respectively:

Vr =H o (5171 +52%))+7,.,, and

V oy H oy (S1% 1 +85X0) 41,0,

wheren, and n, are the zero-mean complex additive Gauss-
ian noise vector at R, and R, respectively. Each has the

covariance matrix 7, =E{n,n, “}=0, °I,,  and
I 171 1
=E{n,n, “}=0,,’,. The received signals at the receiving
umts can be represented as follows:
Va1 =H g (5% +55%0)+1 4,1, and
Yay =H, g, (8% 14555+ 4,1

A relay R;sends r= a,y, to the receiving unit (j=1,2),
where o is the scaling factor that preserves power constraint
Py at relay R,
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P
aj= | ————.
! ElllylI*}

The received signals at the receiving units can be repre-
sented as follows:

Yap=H 1 +Ho Foti g5, and

Yay=H o8 +H o541 4,5
The following terms are defined:

Trpr12onH 1,

srp

+a,H5

srp

Trpo® o H pH,

srp

+0 5 H,,,
Aga® O H | 1, +0oH ) 1,414 5, and
Agya® O H o1, +OH oM+ 5.

The received signals can thus be represented as:
Va2~ Irpi(s1%1+55%) 41, o, and
Y= Lrpo(s1%1+52%2) g0

By defining the following:

A Hgay A Hsa, A 41 d A Ady1
Hpp) = , Hepa = SRy =| . | an ﬂdz ,
Trp1 T2 a2 %)

the overall received signals at the receiving units D, and
D, can be represented as:

Ydp1

Yoy = = Hppi(s1x1 +52X2) + ng, , and
Ydj2
Ydp1

Ya, = = Hrpa(s1X1 +$2%2) + g -
Ydy2

The covariance matrices of noise vector n; and n,, can be
represented as:

Zuy1 0 }
Krp1 = > an
0 oszqul HIHI +0{%H212r2[‘1£]1 +Zd12
Zuy 0
Krp2 = .
0 ofHuZyHi} + 03 HnZo Hy + Zuy

Then, the receiving units despread the received signals as:

s _ H, __ H H, H,
%17¢,"ya=c " Hppsy¥+ey " HppSo%o+c) "ng,, and

o — . H, — . H, H, H,
2505 Y4, =C " HppoS 131465 Hppo$oX oty " ng,.
Qrp; and Qzp, can denote the covariance matrices of the
interference plus noise vectors as follows:

a H H
Orp12 P Hrp 5585 Hppy +Kppy, and

Orp2# PHppos151" Heps ' +Krpa.

AEDI and AFDz can be Qeﬁned as rhe Cholesky decom-
position matrices of covariance matrices Qzp; and Qgp»
respectively. Moreovet, Vip, .. and Ugp,) ... can denote
the right and left singular vectors, respectively, correspond-
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19. A system for transmitting data over a wireless com-
munication network, the system comprising:
a transmitting unit comprising:
a processor configured to:
generate a wireless communication signal;
dynamically generate first and second non-binary
spreading pseudo-noise sequences via channel
state information of at least one wireless commu-
nication channel,
apply a Cholesky decomposition to the signal;
apply a singular value decomposition to the signal;
modulate the signal into an in-phase portion and a
quadrature phase portion;
overlay the first non-binary spreading pseudo-noise
sequence on the in-phase portion of the signal;
overlay the second non-binary spreading pseudo-
noise sequence on the quadrature phase portion of
the signal; and
reform the signal from the in-phase portion and the
quadrature phase portion after performing over-
laying; and
a transceiver configured to transmit the reformed signal
over the wireless communication network; and
a receiving unit comprising:
a transceiver configured to receive the signal transmit-
ted over the wireless communication network; and
a processor configured to:
generate first and second non-binary despreading
pseudo-noise sequences;
overlay the first non-binary despreading pseudo-
noise sequence on the in-phase portion of the
received signal;
overlay the second non-binary despreading pseudo-
noise sequence on the quadrature phase portion of
the received signal; and

16

demodulate the in-phase portion of the received

signal and the quadrature phase portion of the
received signal after performing overlaying.

20. A method of transmitting data over a wireless com-

5 munication network, the method comprising:
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generating a wireless communication signal;

encoding the signal;

dynamically generating first and second non-binary
spreading pseudo-noise sequences via channel state
information of at least one wireless communication
channel;

modulating the signal into an in-phase portion and a
quadrature phase portion;

overlaying the first non-binary spreading pseudo-noise
sequence on the in-phase portion of the signal;

overlaying the second non-binary spreading pseudo-noise
sequence on the quadrature phase portion of the signal;

reforming the signal from the in-phase portion and the
quadrature phase portion after performing overlaying;

synthesizing the signal to one or more specific frequen-
cies;

wirelessly transmitting the reformed signal over the wire-
less communication network;

receiving the transmitted signal at a receiving unit;

generating first and second non-binary despreading
pseudo-noise sequences;

overlaying the first non-binary despreading pseudo-noise
sequence on the in-phase portion of the received signal;

overlaying the second non-binary despreading pseudo-
noise sequence on the quadrature phase portion of the
received signal;

demodulating the in-phase portion of the signal and the
quadrature phase portion of the received signal after
performing overlaying; and

decoding the demodulated signal.
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ing to the maximum singular value Ay, .. of the matrix
Appy ' Hep,. Also, Ve, o and Upp, o can denote the
right and left singular vectors, respectively, corresponding to
the maximum singular value Azps ... of matrix
Azps 'Hyp,. Then, the sequences that maximize the SINR
at receiving unit D, are SlT:VFDl’max and ¢,=
(App ™) g uay and the corresponding sequences that
maximize the SINR at receiving unit D, are S2T:VFD2,ma_x
and ¢,"™=(Azp,™)  Uppy yuar- The corresponding SINR can
be represented as follows:

2
maxyy = Ps|Arp1max|”, and
1.1

2
maxyz = PslArp2,max| -
$2.62

In summary, embodiments of the present invention
include fully connected uplink and downlink relay network
systems comprising one or more transmitting units, relays,
and receiving units connected via a communication network.
The transmitting units, relays, and receiving units each may
include a computer for performing the methods and steps
described herein and transceivers for transmitting and/or
receiving signals. The computers may encode and/or decode
communication signals via optimum adaptive PN sequences
dynamically employing channel state information (CSI).
The PN sequences are not available to malicious signal
interferers. The PN sequences may be found by employing
Cholesky decompositions and singular value decomposi-
tions (SVD). More specifically, embodiments of the present
invention may employ a signal-to-interference-plus noise
ratio (SINR) using single value decompositions (SVD) to
find the optimum PN sequences. It may be assumed that
channel state information (CSI) is known at a central station
such as a cloud radio access network (CRAN), which can
compute and forward the optimum PN spreading and
despreading sequences to the transmitting units and receiv-
ing units, respectively. Embodiments of the present inven-
tion find the optimum PN sequences in only a few iteration
steps. Embodiments of the present invention may use a
half-duplex amplify-and-forward (AF) relay network such
that any node in the network cannot transmit and receive
signals simultaneously. Embodiments of the present inven-
tion may include nodes in an AF-CDMA relay network that
are synchronized through the CRAN.

Although the invention has been described with reference
to the embodiments illustrated in the attached drawing
figures, it is noted that equivalents may be employed and
substitutions made herein without departing from the scope
of the invention as recited in the claims.

Having thus described various embodiments of the inven-
tion, what is claimed as new and desired to be protected by
Letters Patent includes the following:

1. A method of transmitting data over a wireless commu-
nication network, the method comprising:

generating a wireless communication signal;

dynamically generating first non-binary spreading

pseudo-noise sequence and a second non-binary
spreading pseudo-noise sequence via channel state
information of at least one wireless communication
channel;

modulating the signal into an in-phase portion and a

quadrature phase portion;

overlaying the first non-binary spreading pseudo-noise

sequence on the in-phase portion of the signal;
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overlaying the second non-binary spreading pseudo-noise
sequence on the quadrature phase portion of the signal;

reforming the signal from the in-phase portion and the
quadrature phase portion after performing overlaying;

wirelessly transmitting the reformed signal over the wire-
less communication network;

receiving the transmitted signal at a receiving unit;

generating first and second non-binary despreading
pseudo-noise sequences;

overlaying the first non-binary despreading pseudo-noise
sequence on an in-phase portion of the received signal;

overlaying the second non-binary despreading pseudo-
noise sequence on a quadrature phase portion of the
received signal; and

demodulating the in-phase portion of the received signal
and the quadrature phase portion of the received signal
after performing overlaying.

2. The method of claim 1, further comprising the step of
interleaving the signal.

3. The method of claim 1, wherein the first and second
non-binary spreading pseudo-noise sequences are quantized
to 1-bitspreading pseudo-noise sequences.

4. The method of claim 1, further comprising the step of
filtering the in-phase portion of the signal through a finite
impulse response filter.

5. The method of claim 1, further comprising the step of
amplifying the in-phase portion of the signal.

6. The method of claim 1, further comprising the step of
converting the in-phase portion of the signal from digital to
analog.

7. The method of claim 1, further comprising the step of
overlaying the in-phase portion of the signal with a cosine-
based trigonometric function.

8. The method of claim 1, further comprising the step of
filtering the quadrature phase portion of the signal through
a finite impulse response filter.

9. The method of claim 1, further comprising the step of
amplifying the quadrature phase portion of the signal.

10. The method of claim 1, further comprising the step of
converting the quadrature phase portion of the signal from
digital to analog.

11. The method of claim 1, further comprising the step of
overlaying the quadrature phase portion of the signal with a
sine-based trigonometric function.

12. The method of claim 1, further comprising the step of
passing the signal through a band-pass filter.

13. The method of claim 1, further comprising the step of
amplifying the signal via a radio frequency amplifier.

14. The method of claim 1, wherein the step of transmit-
ting the reformed signal includes transmitting the received
signal to one or more relays and amplifying the received
signal at the one or more relays.

15. The method of claim 1, further comprising the step of
amplifying the received signal.

16. The method of claim 1, further comprising the step of
passing the received signal through a band pass filter.

17. The method of claim 1, further comprising the step of
passing the received signal through an analog to digital
converter.

18. The method of claim 1, further comprising the step of
deinterleaving the received signal.
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