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One of the most important multiple access technologies used in modern mobile
telecommunication systems is MC-CDMA technology, in which Walsh-Hadamard
transform coefficients are used as transmitted signals. Despite the significant advantages of
MC-CDMA technology, its significant disadvantage is the high PAPR (Peak-to-Average
Power Ratio) values of the transmitted signals. One of the most effective methods to
overcome this disadvantage is the use of C-codes, each codeword of which has a strictly
defined PAPR value. This paper is devoted to the research of the influence of the type of
binary orthogonal transform on the structure and cardinality of C-codes, which can be built
on its basis. It is established that the class of classical bent-sequences with respect to the
Walsh-Hadamard matrix constructed using the Sylvester construction is only a special case
of the class of binary bent-sequences. It was established that similar classes of bent-
sequences exist for two other nonequivalent classes of Hadamard matrices, as well as for
Hadamard matrices constructed on the basis of other perfect algebraic constructions:
perfect binary arrays and, in fact, classical bent-sequences. So, in the paper, algebraic
normal forms of bent-sequences constructed with respect to the second and third
nonequivalent Hadamard matrices of order n=16 are listed. The structure and cardinality of
classes of bent-sequences constructed with respect to Hadamard matrices synthesized based
on perfect binary arrays and classical bent-sequences were researched. Using the found new
classes of bent-sequences, as well as the concept of operative changing of the working
orthogonal transform matrix, it will be possible to reduce the redundancy of C-codes used
in MC-CDMA technology while maintaining the PAPR of the transmitted signals at a
minimal level.

Keywords: Peak-to-Average Power Ratio, C-code, MC-CDMA, bent-sequence, perfect
binary array.

Introduction and problem statement

The key technology used to build new generation mobile communication systems is
Multi-Code Code Division Multiple Access (MC-CDMA) technology, in which
communication channels have the same frequency band, but different code manipulation [1].
MC-CDMA technology has many advantages, such as high noise immunity, flexible
distribution of resources among subscribers, high security level, and greater energy efficiency.

MC-CDMA technology is based on the coding model of the transmitted information
using an orthogonal transform to implement the concept of code division of channels (Fig. 1).

Co
by —> —>
) C-Code c ORTHOGONAL Sp(1)
‘
L — coder ~ > TRANSFORM
bm-l —9 C'%I

Fig. 1. Information coding model based on orthogonal transform
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Thus, the original message d; is encoded using a set of codewords c; of the C-code,

which are fed to the input of the Walsh-Hadamard orthogonal transform unit, and further to
the transmitter.

One of the most significant requirements for the C-code is its ability to form output
signals with an optimal PAPR value

v = a0 | g

av

where P, is the peak power of S_(t) signal; P,
the length of signal S_(t).

Achieving the optimal value of the PAPR can significantly increase the energy and
spectral efficiency of the communication system, reduce the levels of out-of-band emissions,
nonlinear distortion, and facilitate the reception and demodulation of the transmitted signal.

The researches [2] led to the conclusion that the optimal value of the PAPR x =1can be
achieved only by the use of such perfect algebraic constructions as bent-sequences [3], which
have uniform absolute values of the Walsh-Hadamard transform coefficients. However, the
number of bent-sequences is small, for example, for the length N =16 their class cardinality
is equal to J,; =896 [4], which leads to significant redundancy of code, which is spent only

on reducing the PAPR of the output signal. The possibility of increasing the cardinality of
classes of available signals with an optimal value of the PAPR may lie in the consideration of
new types of orthogonal transforms, but this issue has not been considered well in the
literature.

The purpose of this paper is to research new classes of orthogonal transform matrices of
order A =16 in terms of the possibility of the constructing the C-codes with an optimal PAPR
value «.

Definition 1 [5]. The Hadamard matrix A of order A is a such matrix that all its

elements take values from the set {+1} and the following identity is valid

is the average power of signal S_(t); n is

\Y

A-A=2A\E,

where T is the transpose operator, E is the identity matrix.
As an orthogonal transform in communication systems with MC-CDMA technology,

the well-known Hadamard matrices of order A=2* obtained using the recurrent rule are often

used
Ao Ay
A — 2 2 ' 2
) |:Akl _Akl ()
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where A =1.

Equivalent classes of Hadamard matrices of order N =16

Definition 2 [6]. The Hadamard matrices obtained from each other by repeated using of
the operations of inversion and permutation of rows or columns are called as equivalent.

It was shown in [6] that for the orders of Hadamard matrices 4 =1;2;4;8 there is only
one class of equivalent Hadamard matrices, whose representative matrix can be obtained by
using the recurrent rule (2). For the order 1=16, there are 5 equivalent classes of Hadamard
matrices, whose representatives are shown in Fig. 2.
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Fig. 2. Equivalent classes of Hadamard matrices

Using each of the Hadamard matrices shown in Fig. 2 as an orthogonal transform in the
model (Fig. 1) and the full code as the C-code, we construct (Table 1) the PAPR distribution
tables calculated in accordance with (1) [7].

Table 1.

The PAPR distribution for full code vectors for different non-equivalent matrices

No. Absolute peak | PAPR The number of vectors for the matrix

value P, value « H, H, H, H, H,
1 16 1 896 384 128 0 0
2 36 2,25 14336 14336 14336 14336 14336
3 64 4 28000 28512 28768 28896 28896
4 100 6,25 17920 17920 17920 17920 17920
5 144 9 3840 3840 3840 3840 3840
6 196 12,25 512 512 512 512 512
7 256 16 32 32 32 32 32

It is clear that of the greatest practical interest from the point of view of construction of
the C-codes are the vectors from group No. 1 (Table 1), which have the optimal value of the

PAPR x =1. For the matrix H,, each such codeword is a bent-sequence of length N =16, a
regular synthesis method of which was developed in [4].
Definition 3 [7]. A binary sequence B=[by,b,---,b,---,b, ;] of length n, where
b e{£l} are the coefficients, i=0,1..,n-1, n=2k=24,68,..., is called a bent-
sequence, if it has a uniform Walsh-Hadamard spectrum W, (@) .
We call a bent-sequence as classical if Definition 3 is valid for Walsh-Hadamard matrix

of classical structure (2).

Thus, the number of bent-sequences is different for each nonequivalent class of
orthogonal transform (Fig. 2). However, research have shown that the codewords of the C-

code formed from the vectors of group No. 1 for the orthogonal transform matrix H, include

the vectors for the matrix H, and H,. In other words, the matrices H, and H; do not allow
obtaining new structures of bent-sequences.
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Definition 4 [8]. The algebraic normal form (ANF) ¢(x,,X,,...,X,) of asequence T isa
polynomial of k <log, n variables with coefficients a, €{0,1}, where the AND operation is
used as the multiplication, and the XOR operation is used as the addition operation

n-1

§D(X1'X2v---'xk): E%aixis'

where X/ are the terms of the ANF polynomial of degree s=wt{X}; wt is the Hamming's
weight. The coefficients a, ={a,,a,,...,a, ,}can be found by performing the Reed-Muller
transform [8], i.e. by multiplying the original sequence by the Reed-Muller matrix RM

1&}=TRM,, T ={a}RM,,

where the original sequence T is represented above the alphabet {0,1} using a bijective
mapping +1<0,-1«>1, and the Reed-Muller matrix RM, is determined using the
following recurrent rule

_ 1o [RM,, ©
RM, =[1], RMV_[l 1}®RMV1{RMV1 RMVJ’

where ® is the Kronecker product.
Definition 5 [8]. Terms of ANF of the degree s=wt{X}<1 are called as affine.

For example, for sequence length n=16 there are the following possible affine terms:
1, X, X,, X5, X, on the basis of which corresponding affine codewords can be formed.

The modern approach to the classification, as well as the synthesis of bent-sequences,
involves the use of the following proposition.

Proposition 1 [3]. The sum of a bent-sequence with an affine function (which is

equivalent to adding one or several affine terms to the ANF coefficients sequence) leads to the
formation of other bent-sequences.

The researches performed in this paper allowed us to establish that Proposition 1 is
valid for bent-sequences, both on the basis of the orthogonal transform matrix H,, and for the

bent-sequences on the basis of the orthogonal transform matrices H, and H,.

Thus, the full set of bent-sequences of cardinality J =896 can be classified into
896/32 =28 affine non-equivalent classes, in each of which it is possible to distinguish a
bent-sequence that does not have affine terms

b1 =X X3+ X Xy, b15 = XXy + X Xy + XX,
bz =X X3+ X X, + X X5, b16 = XXy X Xy + X X+ X X,

D, = X, X5 + X X, + X, Xs; D, = XX, + X, X5 + X, X, 5
b4 =X X3 + X Xy + X X5+ X Xy blB = XXy + XXy + X X5 + X, X5,

b5 = XXy XX, b19 = XX, X X + X Xy,
Dy = X, X, + X X5 + X, X, ; D,0 = XaX, + X, X5 + X X, + X X3

B, =X, X, + XX, + X X5 D,, = XX, + X, X, + X, X, ;

Dy = X, X, + X X, + X X5 + X, Xy ; D,, = XgX, + X, X, + X, X5,
Dy = X, X, + X, X5 + X X5 D,5 = XoX, + X, X, + X, X, + X X,
0 = XXy 4 X Xy + X, X5 + X X5 D,, = XsX, + X, X, + X X, + X, Xg5
D, = XX, + X, X, + X, X5 + X Xy

5 = XXy + XXy + X, X, + X Xy D, = X3X, + X, X, + Xy X5 + X, X5
3 = Xg X, + X Xy _ D,; = X3X, + X, X, + Xy Xy + X, X, 5
B, = XX, + X X5 + X X, D,g = XoX, + X, X, + X, X5 + X X, + X X + X, X,

b,
By = XX, + XX + X X,;
b,
b,
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Similarly, we can represent all bent-sequences relating to the matrix H, up to an affine

term

X, X + X X, )

XX, + X Xg + X, X,

X, X, XoXg + X Xy

XoX, + XoXy + X Xg + X, X, 5
X, X, + X, Xg

XoX, + XX, + X, Xg

oo oo ooy

[o2)

B, =X, X, + X, X5 + X X3;

By = X3 X, + X, X, + X, X5 + X X

Dy = X, X, + XX, + X X3

By = XgX, + X, X, + X X, + X X5
1= XX T XXy + X Xg,

D, = XgX, + X, X + X, X, + X, X

We also represent a set of bent-sequences relating to the matrix H, up to an affine term

b, =X, X; + XX, ; _
D, = X;X, + X, X5 + X, X, 5

D, = X, X, + X, X5 + X, X, ;
D, = XX, + XX, + XX 4+ X, X, .

Let us consider the well-known regular rules for constructing matrices of orthogonal

transforms on the basis of perfect algebraic
type and cardinality of the code.

constructions and research their influence on the

The matrices of orthogonal transforms based on perfect binary arrays

Definition 6 [9]. A perfect binary array (PBA) is a two-dimensional matrix sequence

HN) =[], i

=0,N-1 h, e{-11,

having an ideal two-dimensional Periodic Autocorrelation Function (PACF), whose elements

1N-1

RUmT):PACF(mJ):

i=0

—

Z hi,jhi+m,j+r

N?, for m=7=0;

={

0, for any other mand .

It is known that the generating P(N) PBA class of order N =4 consists of 12

arrays [9]
[—+— -] [+ —+]
PMA)=, | R@=__,_
== +———]
[+ -+t [~ —+—]
+——= ++—+
R(4)= e , Re(4) = +———
+———] +-—-
[+ ——+] —++ -
—+—+ —+—+
R@®=|,  __ | P@®=| , __

— - +++ -
—+++ —— -
R@=| T R@=Z T
- —— =]

[+ + — +] [ — + 4 +]
P@)=,__ |\ R@A=,___}| ©)
+-—- +——-
+——+ —++ -
+—+ - +—+—

1P11(4): + 4 — ’P12(4): +4——

On the basis of each of the arrays (3) of the generating P(N)-class, an orthogonal

matrix can be constructed by successively concatenating (joining) the rows of the original
array and all its cyclic shifts in rows and columns. As an example, we give an orthogonal
matrix constructed on the basis of the PBA P,(4)
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Our experiments show that if the full code is used as a C-code each matrix v,...,y;,
gives the same PAPR value distribution as the matrix H, (Table 1).

So, if using the orthogonal transform based on the PBA it is possible to construct 896
sequences that have uniform absolute values of the Walsh-Hadamard transform coefficients.

Thus, the matrices v,,...,y;, produce 12-896=10752 bent-sequences. Considering
each of them in comparison with the classical definition of a bent-sequence it was established
that from the set of 10752 bent-sequences there are only 5120 unique ones, and there are

5120—-896 = 4224 ones that do not coincide with the class of classical bent-sequences. Let us
give a classification of all newly discovered bent-sequences classes (Table 2).

Table 2.
Classes of bent-sequences based on PBA P(N) class
Class Number 1 2 3 4 5 6
The orthogonal transform matrix v, | w, Vs v, Vs W,
Cardinality of the bent-sequences class 896 | 896 | 896 | 896 | 896 | 896

The number of bent-sequences, that coincide

with the classical bent-sequences 128 | 384 | 128 ) 128 | 128 | 128

The number of bent-sequences, that do not

coincide with the classical bent-sequences 768 | 512 | 768 | 768 | 768 | 768

Class Number 7 8 9 10 11 12
The orthogonal transform matrix v, | W, Vo | Wi | Wu | Wi
Cardinality of the bent-sequences class 896 | 896 | 896 | 896 | 896 | 896

The number of bent-sequences, that coincide

with the classical bent-sequences 128 | 384 | 128 | 128 | 128 | 128

The number of bent-sequences, that do not

coincide with the classical bent-sequences 768 | 512 | 768 | 768 | 768 | 768

As an example, let us consider Class 1 of bent-sequences constructed on the basis of the
matrix y, (Fig. 3). Based on this matrix, it is possible to build 768 new structures of bent-

sequences that do not coincide with classical bent-sequences.

The performed researches have also shown that Proposition 1 is not valid in this class of
bent-sequences. Thus, the sum of a bent-sequence with an affine codeword does not
necessarily form a bent-sequence. However, in this paper, the following property of the class

of bent-sequences relating to the matrix y, was established:
Property 1. The sum of a bent-sequence relating to matrix y, with an affine terms
1,x,,X%,, % leads to the formation of other bent-sequences.

10



56 ANF up to affine terms 1,x,,X,, X,

Using Property 1 we can represent this set of bent-sequences relating to matrix y, in
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Performing the permutation of the elements of the bent-sequence in accordance with the
rules (lines) of the dyadic shift matrix, we obtain a binary matrix » of the orthogonal
transform.

It is known [3] that the cardinality of the class of classical bent-sequences of length
n=16 is J,, =896. Thus, based on the dyadic shift operator (4), it is possible to construct the

same number of orthogonal transform matrices y,,7,,..., 76 - It IS Clear that with respect to

each of these orthogonal matrices there are their own bent-sequences classes — binary vectors
with uniform absolute values of transform coefficients. Researches have shown that the
number of such bent-sequences relating to each of the orthogonal transform matrices is also
896. Thus, there was constructed 896*896 =802816 bent-sequences.

It was discovered that just 1152 of these differs in structure from the classical bent-
sequences [3].

Conclusion

Let us summarize the main results achieved in this paper:

e the method of synthesis of C-codes classes with uniform Walsh-Hadamard transform
coefficients was further developed, it was established that the cardinality and the specific type
of C-code strongly depends on the type of selected orthogonal transform.

e the using of methods for the synthesis of orthogonal matrices based on perfect binary
arrays, a dyadic shift operator and classical bent-sequences allowed us to construct new
families of bent-sequences that can be used as C-codes, and each of the sets of bent-sequences
possesses optimal error correction ability.

e it was found that the existence of various structures of bent-sequences relating to
orthogonal matrices based on perfect binary arrays, a regular dyadic shift operator and
classical bent-sequences, allows to improve the MC-CDMA technology in the following
aspects: by combining the found classes of bent-sequences and dynamically changing the
orthogonal transform matrix depending on the data vectors arriving to its input, it is possible
to reduce redundancy of the code that is spent on achieving the optimal PAPR value; by
dynamically changing the orthogonal transform matrices using a pseudo-random sequence,
which is unknown to the third party, it is possible to implement a secret communication
system with a minimal computational cost for data encryption and decryption.

We also note that, in the case of other values of n, the problem of finding existing full
classes of bent-sequences relating to the all regularly constructed orthogonal transforms,
which is relevant from the point of view of MC-CDMA technology, remains unresolved and
may be continued in the future.
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BIIJIUB TUITY ABIMKOBOI'O OPTOIOHAJIbHOI'O IEPETBOPEHHS HA
MNOTYKHICTb I CTPYKTYPY KOJAIB IOCTIMHOI AMILIITYIU JJIs1
TEXHOJIOI'Ti MC-CDMA
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OpnHi€ro 3 HAMBXIMBIMIMX TEXHOJIOTIH MHOXHHHOIO JOCTYITy, SIKa BUKOPHCTOBYETHCS B
Cy4acHHUX MOOUTBPHHX TeJeKOMYHIKaliiHuX cucremax € Texnoinoris MC-CDMA, B sikiii B
SKOCTI CUTHAJIiB, IO TEPelaloThCsi BHKOPUCTOBYIOTHCS KOE(ILliEHTH TEpEeTBOPEHHS
Apnamapa. HesBaxaroun Ha icrotHi mnepeBaru texHonorii MC-CDMA, ii 3HauHuUM
HEJIONIKOM € BUCOKHUU TiK-()aKTOp CHTrHANIB, HIO IepenatroTbes. OAHUM 3 HaiOiIbIn
e(eKTUBHUX METOJIB IOJOJIAHHS JAHOTO HENOJIKy € BHKOpucTaHHs C-KOAIB, KOXHE
KOZOBE CJIOBO SKHMX MAa€ CTPOr0O BU3HAa4YCHE 3HAUEHHS MiK-¢axropa. LI ctaTTa mpucBsueHa
JIOCITI/DKEHHIO BIUIMBY BHJy OIHAPHOIO OPTOTOHAIBHOIO NEPETBOPEHHS HA CTPYKTYpPY 1
notyxHicte C-KofiB, sKi MOXyTh OyTH moOyJoBaHI Ha ioro oOcHOBi. Y craTTi
BCTAHOBJICHO, 10 KJAaCc KJIACHYHHMX OEHT-TIOCIIIOBHOCTEH M0N0 MaTpuli Anjamapa,
noOyJOBaHOI 3a AONOMOTroK0 KOHCTpYKLii CHIIbBECTpa, € JIMIe OKPEMHUM BHUIIQJAKOM KJIacy
OiHapHUX OeHT-ToCIioBHOCTel. BeraHoBneHo, 110 moaiOHI Kilacu GEHT-IOCIiJOBHOCTEH
ICHYIOTh Ui JIBOX IHIIMX HEEKBIBaJEHTHHMX KIACIB MaTpHllb A/amapa, a TaKoX JUis
MaTpunb AjaMapa, NOOyIOBaHMX HAa OCHOBI IHIIMX JIOCKOHANMX aireOpaidyHux
KOHCTPYKIIN: JIOCKOHAJIMX JBIMKOBUX pEIIITOK 1, BIACHE, KJIACHYHHX OCHT-
nocinigoBHocreil. Tak, B cTarTi BunmcaHi anreOpaiuHi HopMmanbHi (OpMU  OEHT-
MOCNIJOBHOCTEH, MOOYJOBaHMX IMIONO JPYroi 1 TpeThoi HEeKBIBAJIEHTHHX MAaTpPUIlb
Anamapa mopsinky n=16. I[IpoBeneHo OCTIKEHHS CTPYKTYPH 1 TMOTY)KHOCTEH KJaciB
OEHT-TIOCITIJOBHOCTEH, MOOYZOBaHMX BiZHOCHO MAaTpHIb AjaMapa, CHHTE30BAaHHX Ha
OCHOBI  OCKOHANMX JABIMKOBMX PENONTOK 1 KIACHYHUX OEHT-TIOCIIJOBHOCTEH.
BukopucranHs 3HaleHNX HOBUX KJIAaciB OEHT-TIOCHiJOBHOCTEH, a TaKOK KOHIIEMIIi]
OIEpPaTUBHOI 3MIHM pOOOYOi MATPHUIl OPTOTOHANBHOTO TIEPETBOPEHHS, [IO3BOJHTH
OTpUMaTH 3MEHIIeHHS HaaMmipHocTi C-KomiB, IO 3aCTOCOBYIOThCS B TexHomorii MC-
CDMA mnpu 36epexeHHi miK-(pakTopa CUTHAIIB, IO MIEPEAA0THCSI Ha MiHIMAJIEHOMY PiBHI.
KarouoBi cioBa: mik-dpaktop, C-kom, MC-CDMA, OeHT-IOCTiIOBHICTh, IOCKOHAJa
JBIAKOBA peIIiTKA.
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OpHOMl W3 BaXHEHIIMX TEXHOJNOTMM MHOMECTBEHHOI'O JOCTYyMNa, MHCIOIb3yeMOH B
COBPEMEHHBIX MOOMJIbHBIX TEIEKOMMYHUKAIIMOHHBIX CUCTEMaXx sBisieTcst TexHonorust MC-
CDMA, B KOTOpOH B KayecTBE IepelaBacMbIX CHI'HAJIOB UCIOIB3YIOTCS KO3(QUIEHTH
npeoOpa3oBanuss  Yomma-Anamapa. HecMoTps Ha  CyIeCTBEHHBIE IPEUMYIIECTBA
texHonorun MC-CDMA, e€ 3HauMTENbHBIM HEJOCTATKOM SIBJISIETCSl BBICOKHH MUK-(PaKTop
nepenaBaeMbix curHanoB. OjHuM U3 HaunOonee 3(Pp(EeKTHBHBIX METONOB IPEONOJICHUS
JTAHHOTO HEJO0CTATKa SBJSIETCS MCHonb3oBanne C-KOJOB, KaXJ0€ KOJOBOE CIOBO KOTOPBIX
UMEeT CTpPOro OIpeieleHHOe 3HaueHue muk-(akropa. Hacrosimas craThs MHOCBSIIEHA
UCCIIEZIOBaHUIO BIMSHMS BHJa OMHAPHOTO OPTOrOHAJIBLHOrO NMpeo0pa3oBaHus Ha CTPYKTYpY
U MomHocTh C-KOJOB, KOTOphIE MOTYT OBITh IIOCTPOEHBI Ha €ro OcCHOBe. B craThe
YCTaHOBJIEHO, 4YTO KJAacC KIIACCHYECKUX OEHT-TIOCIeIOBATEIbHOCTEH OTHOCUTENILHO
MaTpulsl Yonmia-Aznamapa, IOCTPOSHHOHW C TIOMOIIbI0 KoHCTpyKuuun CHibBecTpa,
SBJSIETCS JIMIIb YacTHBIM CllydaeM Kijacca OWHApHBIX OEHT-TIOCIIEeIOBATEbHOCTEH.
YCcTaHOBIIEHO, YTO MOJOOHBIE KJIACCHI OEHT-NOCIIEA0BATENFHOCTEH CYIIECTBYIOT LIS ABYX
JIPYruX HEIKBUBAJCHTHBIX KJIACCOB MaTpull Yonma-Ajamapa, a Takke s MaTpuil
Yonmia-Anamapa, TNOCTPOSHHBIX Ha OCHOBE JAPYTHX COBEPIICHHBIX aliredpandeckux
KOHCTPYKIUI: COBEPIICHHBIX JIBOMYHBIX PEIICTOK M, COOCTBEHHO, KIIACCHUECKUX OCHT-
nocnenoBarenbHocTeil. Tak, B cTaThbe BBIMKMCAHBI anreOpandeckue HOpMaibHblE (OpPMBI
OEHT-TIOCIIEIOBATENILHOCTEH,  MOCTPOEHHBIX  OTHOCHTENIBHO  BTOPOM M Tperei
HEOKBUBAJICHTHBIX MaTpul] Afamapa mnopsiaka N=16. [IpoBeneHs rcciieoBanus CTPyKTyphI
¥ MOIIHOCTH KJIACCOB OCHT-IOCIENO0BATEIbHOCTEH, ITOCTPOSHHBIX OTHOCHTEIBHO MAaTPHIL
Anamapa, CUHTE3UPOBAaHHBIX HA OCHOBE COBEPIUCHHBIX [BOMYHBIX pPELIETOK U
KJIACCUYECKUX OEHT-IOCIIeN0BaTENbHOCTEH. VICIIONb30BaHUEe HANIEHHBIX HOBBIX KJIACCOB
OEHT-TIOCIIEIOBATENILHOCTEH, a TAK)KE KOHIICIIK ONEPATUBHON CMEHBI paboyeil MaTpHIIbI
OPTOTOHAJIFHOTO IMpeoOpa3oBaHuUs, MO3BOJMUT IMONYYUTh YMEHbIIEHHE W30bITOUHOCTH C-
KOJIOB, KOTOpbIe TpuMeHsitorcsi B TexHosornn MC-CDMA mpu coxpaHeHuH MHUK-(hakTopa
HepejaBaeMbIX CUTHAJIOB HA MUHHUMAaJIBHOM YPOBHE.

KawueBble cioBa: mnwuk-pakrop, C-kon, MC-CDMA, OeHT-OCTIe10BAaTENBHOCTD,
COBEpILICHHAs IBONYHAS pElIeTKa.
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