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Introduction

• The study on spreading codes for CDMA applications is a traditional  
research topic and many candidate codes have been found in the 
literature, such as Gold codes, GMW codes, Bent sequences, 
Kasami codes, m-sequence, Walsh-Hadamard sequence  and 
OVSF codes, all of which are unitary codes.

• There are many problems associated with those CDMA systems 
based on the traditional spreading codes in a wireless system, 
especially with uplink asynchronous transmissions, varying signs in 
bit stream and multipath interference.

• This paper proposes a new method to generate ideal spreading 
codes. The method is called Real Environment Adaptation 
Linearization (REAL) approach.

• Our design problem will start with complementary codes, as any 
non-complementary codes are only the special cases with their flock 
size being one or M=1.
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A Non-linear Problem

• Let us consider a generic spreading code set, whose 
element code length, flock size and set size are N, M and 
K, respectively.

• If M=1, the generic code set reduces to a conventional 
unitary spreading code set, which works on an one-code-
per-user basis.

• On the other hand, if M>1, the generic code set represents 
a complementary code set, in which a flock of codes 
should be assigned to a user and ought to be sent to a 
receiver via different channels, either frequencies or time 
slots.



A Non-linear Problem (Cont’d)

• Let us consider any two flocks in a code set, 
x={x1,x2 , . . . , xM} and y={y1 , y2 , . . . , yM}, 
where 
xi={xi1, xi2, . . . , xiN } and yi={yi1, yi2, . . . , yiN }
for 1<i<M. All chips, xij or yij for 1≦i, j≦M, may 
take arbitrary value, either binary or multiple-
leveled, or real or complex.



A Non-linear Problem (Cont’d)

• Design a perfect complementary code set such 
that its periodic and aperiodic out-of-phase auto-
correlation functions as well as its periodic and    
aperiodic cross-correlation functions should be all 
zero to ensure MAI-free and MI-free operation.

• We can establish an equation set for the element 
code x with in total MN unknown variables as 
follows:

• For an either even or odd N, there are [N/2]+[(N-
1)/2]+1 independent non-linear equations as:



A Non-linear Problem (Cont’d)

(1)

where the first [N/2]+1 equations are from ideal periodic autocorrelation 
functions and the last  [(N-1)/2] ones from ideal aperiodic auto-correlation 
functions. Here [x] stands for the largest integer less than x.



A Non-linear Problem (Cont’d)

• Bring the second code y into the set, which 
consists of x and y only, such that they satisfy 
all conditions as a pair of perfect orthogonal 
complementary codes.

• For an either even or odd N, there are 2N-1 
non-linear homogenous equations to specify 
an ideal periodic and aperiodic cross-
correlation functions between x and y as



A Non-linear Problem (Cont’d)

(2)

Where the upper N equations are due to ideal periodic cross-correlation 
functions and the lower N-1 ones from the ideal aperiodic cross-correlation 
functions.



A Non-linear Problem (Cont’d)

Code y itself should also satisfy ideal auto-correlation functions as:

(3)



A Non-linear Problem (Cont’d)

The same procedure continues, until all K codes are 
introduced. Therefore, we can obtain the following non-linear 
equations for a code set with its set size being K for an either 
even or odd N:

• ([N/2]+1)K non-linear equations from perfect periodic auto-
correlation conditions;

• NK(K-1)/2   non-linear equations from zero periodic cross-
correlation conditions;

• [(N-1)/2+1]K  non-linear equations from perfect aperiodic
auto-correlation conditions;

• (N-1)K(K-1)/2  non-linear equations from zero aperiodic
cross-correlation conditions,
where K>1. 



A Non-linear Problem (Cont’d)

• It is possible that those non-linear equations might be 
solvable under the necessary condition that the 
following inequality must be satisfied :

(4)

• However, the solution to a non-linear equation set is 
still too complex to solve. We would like to use a 
linearization approach to transform this non-linear 
problem into a linear one with the help of a seed-code
x.



A Non-linear Problem (Cont’d)
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Why Only Complement Codes

• Assume that we have a known flock of codes, 
x={x11, x12, . . . , x2N ; . . . ; xM1, xM2, . . . , xMN}

• To determine the second flock of codes, 
y={y11, y12 , . . . , y2N ; . . . ; yM1, yM2, . . . , yMN}, 
we obtain a (2N-1)x(NM) coefficient-matrix of a 
homogenous linear equation set from (2), which specifies 
ideal periodic and aperiodic cross-correlation functions 
between x and y and can be written into Ayy=0 as



Why Only Complement Codes (Cont’d)

(5)

where the upper half of Ay is the result of the periodic crosscorrelation functions 
between x and y and the lower half is from the aperiodic cross-correlation functions 
between them.



Why Only Complement Codes (Cont’d)

• In general, it can be shown that the rank of a matrix
formed by all possible cyclic-shifted versions of an element 
code x={x1,x2, . . . ,xM}, where xi={xi1, xi2, . . xiN} and 1≦i≦
M , must be equal to the length of the element code or N, if 
the element code itself has a perfect auto-correlation 
function specified by (1) .*

• If we let M=1, we will get a homogenous linear equation set 
with its number of variables (or NM=N) equal to the rank of 
the matrix (or N), resulting in only an all-zero solution or y=0.

• Thus, M=1 implies that we can not find the second code y
such that it can ensure perfect periodic and aperiodic cross-
correlation functions with the existing code x.
* HH Chen and Hsin-Wei Chiu, (2004) Design of Perfect Complementary Codes To Implement an Interference-Free CDMA 
System, IEEE Globecom 2004, Dallas, Texas USA, 29 Nov. – 3 Dec., 2004.



Why Only Complement Codes (Cont’d)

• On the other hand, if M>1, the solution of Ayy=0 could 
possibly exist. Therefore, we have the first important 
conclusion obtained in this paper as follows.

Corollary 1:
Only complementary code set (M>1) can possibly 
achieve perfect periodic and aperiodic auto-correlation 
and cross-correlation functions.
All traditional unitary codes, such as Gold, Kasami, 
Walsh-Hadamard, OVSF codes and so on, will never 
ensure perfect periodic and aperiodic auto-correlation 
and cross-correlation functions.
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Relation Between Flock Size & Setsize

• Under the condition of M>1, we can proceed to 
find the third code or z={z1,z2,. . . ,zM}, where 
zi={zi1; zi2;. . . ; ziN} and 1≦i ≦ M.

• We will have a 2(2N-1)x(NM) homogenous linear 
equation set to specify the zero periodic and 
aperiodic cross-correlation functions between the 
new code z and the existing ones, or x and y, as 
follows.



Relation Between Flock Size & Setsize
(Cont’d)

(6)



Relation Between Flock Size & Setsize
(Cont’d)

• Similarly, the rank of matrix Az must be 2N.
• If now we make M=2, again we will face the same 

consequence as before such that the rank of the 
matrix Az (2N) will be equal to the number of 
variables (MN=2N), resulting in an all zero solution 
to this linear equation set.

• Therefore, we have make M>2 (K=3 in this case).
• In general, M=K suffices to ensure the existence of 

non-zero solutions to this linear equation set.



Relation Between Flock Size & Setsize
(Cont’d)

Thus, we obtain another important conclusion from this 
analysis as follows.

Corollary 2:
– To generate a perfect complementary code set with its 

set size being K, in which all its member codes should 
have perfect periodic and aperiodic auto-correlation 
and cross-correlation functions, the flock size M of all 
member codes must be at least equal to the set size K, 
or M=K.



Relation Between Flock Size & Setsize
(Cont’d)
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Simulation Results

• We would like to make a comparison amid three 8-user 
CDMA systems with the PC codes, Gold codes and 
OVSF codes.

• The Gold code can be considered as a good example of 
traditional quasi-orthogonal codes with its well-controlled 
3-level cross-correlation functions.

• On the other hand, the OVSF code is a typical orthogonal 
code, although in fact it will not be orthogonal at all in 
asynchronous channels.



Simulation Results (Cont’d)
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Simulation Results (Cont’d)
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Simulation Results (Cont’d)



Simulation Results (Cont’d)

• The most obvious advantage for the PC codes based CDMA 
is its unique signal decorrelation property, which makes a 
multi-user detection unnecessary.

• The CDMA system based on orthogonal complementary 
codes (OCC) is near-far resistant. The power control 
pertaining to the proposed CDMA system needs only to 
maintain minimum emission power for battery life conservation.

• The OCC codes based CDMA signaling is in particular well 
suited for burst-type traffic, due to their ideal partial correlation 
properties. Thus, MAI-free and MI-free operation can be 
ensured regardless of detection section in a message, either 
in edges or middle parts.



Simulation Results (Cont’d)

1111 *cb1112 *cb1113 *cb 1211 *cb1212 *cb1213 *cb

11c 12c

2121*cb2122 *cb2123 * cb 2221 *cb2222 *cb2223 *cb

1111 *cb1112 *cb1113 * cb 1211 *cb1212 *cb1213 *cb

2121 *cb2122 *cb2123 *cb 2221*cb2222 *cb2223 *cb

1111 * cb1112 * cb1113 * cb 1211 * cb1212 * cb1213 * cb

11c 12c

2121 *cb2122 *cb2123 * cb 2221 *cb2222 *cb2223 * cb

1111 * cb1112 * cb1113 *cb 1211 * cb1212 * cb1213 * cb

2121 *cb2122 *cb2123 *cb 2221 *cb2222 *cb2223 * cb

1111 *cb1112 *cb1113 *cb 1211 *cb1212 *cb1213 *cb

11c 12c

2121 *cb2122 *cb2123 * cb 2221 *cb2222 *cb2223 * cb

1111 *cb1112 *cb1113 *cb 1211 *cb1212 *cb1213 *cb

2121 *cb2122 *cb2123 *cb 2221 *cb2222 *cb2223 * cb

111080008 b⇒+⇒>=+++

121080008 b⇒−⇒<−=+++−

131080008 b⇒+⇒>=+++

Illustration of MI-free and MAI-free operation without using RAKE receiver
for a 2-user OCC/DSCDMA network in an asynchronous wireless channel
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Conclusion

The REAL approach has been proposed to design 
perfect CDMA codes for futuristic CDMA systems.

We have shown that an interference-free CDMA 
system can be formulated by using the OCC codes, 
which can be generated with the REAL approach 
considering many real operational conditions in a 
wireless system, such as multipath interference, 
asynchronous transmission, different signs of 
consecutive bits and so on.



Conclusion (Cont’d)

To generate a orthogonal complementary code set 
with its set size being K, in which all its member 
codes should have perfect periodic and aperiodic
auto-correlation and cross-correlation functions, 
the flock size M of all member codes must be at 
least equal to the set size K, or M=K.



Thank You !
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