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A Flexible 2-Dimension Orthogonal Spreading Code Design for
Multi-rate Parallel Transmission

Xiao, Lei  Liang, Qinglin
(Department of Electronics, Peking University » Beijing 100871, PR.China)

Abstract In this paper, we examine a flexible 2-Dimension orthogonal spreading code suitable for multi-rate
parallel transmission. We first introduce the structure of this 2-Dimension orthogonal spreading code. Then we
analyze the various orthogonal characteristics between different codes. Finally we provide a principle to allocate
codes for various channels. Our results show that this kind of spreading code can avoid the degrading effect of
some hostile conditions and keep the orthogonal characteristics of various channels supporting multi-rate to

improve the performance of the whole system.

Key words parallel transmission, 2-Dimension orthogonal spreading code, multi-rate

I. Introduction

One primary character of the future communication system is that it can provide multiple
kinds of services. Moreover, whether or not support multimedia service is viewed as one of
important standards to evaluate various kinds of the recommendations for the Third Generation
Mobile Communication System by the ITU[2]. Among these recommendations[3][4], variable rate
services are often implemented through modulating processing gain or using multi-code
transmission. In these schemes, the orthogonal characteristics of the spreading code is possible
destroyed by some elements, such as multi-path fading, asynchronous transmission and so on. At
this time the variable rate services will damage the system performance greatly. On the other hand,
parallel transmission, such as multicarrier transmission [6][7], is especially in favor of high rate
transmission. In this paper, we present a kind of 2-Dimension orthogonal spreading code designed
for parallel transmission in order to improve the performance of the system by making the most
use of the orthogonal characteristics between codes.

Firstly we introduce the structure and mathematical expression of this 2-Dimension
orthogonal spreading code. Then we authenticate the orthogonal characteristics of this kind of
spreading code. Finally we study the principle to allocate codes for various channels and rates.

II. The Structure of 2-Dimension orthogonal spreading code

As the OVSF codes introduced in W—CDMA recommendation for the Third Generation
Mobile Communicationf4][5], we can achieve the structure of the 2-Dimension orthogonal
spreading code. These codes can be represented by matrix, in which each line represents one
dimension of spreading code, which can be called X field spreading code, and each column
represents the other dimension of spreading code, which can be called Y field spreading code. One
of inborn structure is shown in Figure 1. where the transversal expansion stands for the X field
evolvement, and the vertical expansion stands for the Y field evolvement.
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Figure 1. Inborn Structure of 2-Dimension spreading code focused on orthogonal
characteristics in the X field

In Figure 1, any codes can be expressed mathematically as H; ; :

m: the number of lines, i.e. code length in the Y field, must be equal to the power of 2;

n: the number of columns, i.e. code length in the X field, must be equal to the power of
2

i: the serial number in the Y field, less than m.

J+ the serial number in the X field, less than n.
So, the recursive relation is

H‘]’ ‘1’=[1];Xﬁeld expansion means H ' ’:=[H; Jmod n/2 - ! med "/2]'

n/2 m ni2 )

i mod m/2
Y field expansion means H' /= mi2  on
mon q_HI mod m/2
mi2 n

1 j:o-..n/z__l

p= )
-1 J=n/2---n—l
_ 1 i:o-..m/z__l

In Figure 1, H? 'i are the unique codes that can expand not only transversally but also

vertically, which can be called ancestor. Other non-ancestor codes can only expand vertically for
avoiding the existence of the same codes. According to the opposite ways, we can achieve another

inborn structure of 2-Dimension spreading code as shown in Figure 2. In Figure 2, H' (I’ are the
m

unique codes that can expand not only transversally but also vertically, which can be called
ancestor, and other non-ancestor codes can only expand transversally. The two figures are
equivalent, but they have different use in the argument about X field or Y field distinctly. For
example, in the two figures, the codes derived from the transversal expansion of ancestor can be
called X field descendants, and the codes derived from the vertical expansion of ancestor can be

called Y field descendants. However, in figure 1, the Y field ancestor of code H; ,’ is unique,

that is H? /' in figure 2, the X field ancestor of code H' ! is unique, thatis H' 0

m |
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Figure 2. Inborn Structure of 2-Dimension spreading code focused on orthogonal
characteristics in the Y field

As shown in figure 1 or figure 2, there are m*n different codes if m and » are fixed. From

another point of view, for H ' ,/, , i ranges from 0 to m-1 and j ranges from 0 to »n-1, so there are
m

m*n different codes considering different combination of i and j. These codes are orthogonal in X
field or in Y field or in both fields. However, it is not the most outstanding advantage for the
2-Dimension spreading code. If two codes have different value of m or different value of n, they
can also be orthogonal in the sense of interception. So, two signals with different data rate can be
orthogonal if they are spreaded by two different 2-Dimension orthogonal spreading codes. The
following is the authentication of this special orthogonal characteristic.

III. Orthogonal Characteristics Authentication

Lemma [:For any code H' /| its every line vector is a positive or negative Walsh vector
m n

which period is » and serial number is j, and its every column vector is a positive or negative
Walsh vector which period is m and serial number is i.

Proof: From the reference[1], the Walsh vector which period is & and serial number is / can
be expressed recursively as

1 [=0---k/2-1
W, = [Wli/lzn‘)d “ Z'Vvlf/lz“Od kuJ’ z= A
-1 I=k/2-- k-1

From the comparison between this expression and the X field and the Y field expansive

equations of the 2-Dimension spreading code, the Lemma I is true.

Definition 1: Define the element that lies in the " line and /" column of code H': ! as
N

h' (kD).

m o n

Definition 2: Define the k" line vector of code H' ' as L' /(k).
non m on

Definition 3: Define the «” intercept of L' ! (k) the K" line vector of code H'
Ton

k]
m n2’

according to the interval » as [L'; né . (k)}

u

Definition 4: Define the I” column vector of code H' / as W' / ).
m on m n
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Definition 5: Define the u' ,

intercept of Wm_ , "’(1) , the I” column vector of code

m-2" m-2" n

,:,accordingto the interval m as [W ' -’(l):l .

1. The Orthogonal Characteristics in the X Field

Proposition 1: The crosscorrelation between L': /(k), the k" line vector of code H' /,
T on

and L,:, ,/1 (k'), the k" line vector of code H ’; :' is
/ i ' N1/ f i ; o +n / _ j.
m n n n ol m n m i O ] ¢ ]
Proof: According to the Lemma 1, L' '(k) is a positive or negative Walsh vector which

period is » and serial number is j, and Lr:, ”1 ' (k') is a positive or negative Walsh vector which

period is » and serial number isj’. According to the orthogonal characteristics of Walsh function,
the Proposition 1 is true.

Proposition 1 shows the orthogonal characteristics between the line vectors of two codes with
the same number of columns, i.e. the same X field expansion: if two codes have different serial
number in the X field (j= ), their line vectors is orthogonal.

oy . i Jr - i j mod n

Proposition 2. [L . n‘;" (k):lu =+L . (k).

n

Proof: According to the X field recursive relation of code H,:, !, the Proposition 2 is
s
true.

Proposition 3: The crosscorrelation between L'; ’: (k) and [L ':’ n_; , (k')} , the 2"

u
. ly ‘lj ' 0
intercept of Lm. o (k),is

n

L. e[l L OON =) h! [kl ™k J)={‘O”

m n m n2? m
/=1

j=j mod n
j#j mod n
Proof: According to the Proposition 1 and Proposition 2, the Proposition 3 is true.
Proposition 3 shows the orthogonal characteristics between the line vectors of two codes with
different number of columns, i.e. different X field expansion: if two codes have different serial
number in the X field (= mod » ), where the serial number of the code with more columns must
be moduled by the X field length of the code with less columns, their line vectors is orthogonal.
According to Figure | and the recursive relation of 2-Dimension spreading code, the
propositions above can be expressed more graphically. In one word, the Proposition I and
Proposition 3 enunciate the orthogonal characteristics in the X field: for any two codes in the

figure 1, if their Y field ancestors have not derivative relation in the X field, their line vectors is
orthogonal.

2. The Orthogonal Characteristics in the Y Field
Proposition 4: The crosscorrelation between W ' /(/), the !” column vector of code

H' /. and W :,,(l'),thel”'column vectorof code H' 7 s

m n
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m i=i
0 i#i

m n

W (lye[W! L) ={

m2”

Proposition 5: [W ! ,:(l)] =+W' '":’d " ,:(l')
Proposition 6: The crosscorrelation between W; r” (/) and [Wm" ':(l)] , the "

27
u

intercept of Wm;,, ,:j(l‘),is

+m i=i mod m

m n m n
k=1

m
W' (De[W ' (N =Y h' (kJ)-h' ™4m k)= ,
DWW " L) =2 k! (kD) -B ™" T (kD) {0 ei mod m
The proofs of the Proposition 4, Proposition 5 and Proposition 6 are similar to the proofs of the
Proposition 1, Proposition 2 and Proposition 3.

Similarly, according to Figure 2 and the recursive relation of 2-Dimension spreading code,
the propositions above can be expressed more graphically. In one word, the Proposition 4 and
Proposition 6 enunciate the orthogonal characteristics in the Y field: for any two codes in the
figure 2, if their X field ancestors have not derivative relation in the Y field, their column vectors
is orthogonal.

IV. The Principle for Codes Allocation

In the realistic system, various elements, such as channel fading, asynchronous transmission
and so on, may affect the 2-Dimension orthogonal characteristics of the codes. However, as long
as the orthogonal characteristics can be satisfied in any field, the performance will be improved
greatly. So before selecting codes, we must judge the orthogonal condition in the X field and Y
field according to the system status. On this condition, we achieve following principle for code
allocation according the propositions above.

1. Orthogonal in the X Field, but not in the Y Field

(1)Sort all the channels by their highest rate supported in descending order.
(2)Supposing the channel u is the first channel in the list. According to its highest rate and

performance requirement, allocate one code, such as H,; ': , with minimal Y field expansion
in the Figure 1.
(3)Set all the Y field ancestors in the course from the root, [1], to H; ,: and their Y field

descendants as ‘“‘used”.
(4)Set all the X field and Y field descendants of the Y field ancestor of H,:, r” as “used” and

mark them as u.

(5)Delete channel u from the list.

(6)Repeat the process (2) to (5) until all the channels have been allocated a code.

(7)When the data rate changes in the channel v, select one code from those marked as v and
matched with the rate requirement.

According to the principle, other channels will not be affected by the rate variation of any
channel. If the data rates in all the channels are same and all the spreading codes have the same
value of m and n according to the requirement of system, there are » different orthogonal codes in
this case. That is, » orthogonal users can be supported.

2. Orthogonal in the Y Field, but not in the X Field

The principle is the same as that of 1, but the inborn structure of 2-Dimension spreading code
should adopt Figure 2 and exchange between Y field and X field should be made in the principle
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above.

In this case, if m and n are fixed, there are m different orthogonal codes. That is, m
orthogonal users can be supported.

3. Orthogonal in the both X Field and Y Field

(1)Sort all the channels by their highest rate supported in descending order.
(2)Supposing the channel u is the first channel in the list. According to its highest rate and
performance requirement, allocate one code, suchas H'

m n

(3)Set all the joints in the course from the rootto H ,:1 ,” as “used” in both Figure | and Figure 2.
(4)Find all the joints in the course from H '/ toits Y field ancestor in Figure 1. In Figure 2, set

all the X field descendants of these joints and all those joints in the course from the root to them
as “used”.

(5)Find all the joints in the course from H '’ to its X field ancestor in Figure 2. In Figure 1, set

all the Y field descendants of these joints and all those joints in the course from the root to them
as “used”.

(6)Set all the Y field descendants of H'; ’: in figure 1 and X field descendants of H'; ! in

Figure 2 as “used” and mark them as u.
(7)Delete channel u from the list.
(8)Repeat the process (2) to (7) until all the channels have been allocated a code.
(9)When the data rate changes in the channel v, select one code from those marked as v in Figure |
or Figure 2 and matched with the rate requirement.
According to the principle, other channels will not be affected by the rate variation of any
channel.
In this case, if m and n are fixed, there are m*n different orthogonal codes. That is, m*n
orthogonal users can be supported.

It is obvious that the principle to allocate 2-Dimension spreading code is more complex than
that for 1-Dimension spreading code[1]. However, it is more flexible to support multi-rate service
and more suitable to realistic hostile communication condition and so provides better
performance.

V. Application Example

if we view X field as time field and Y field as frequency field, one application of the
proposed 2-Dimension orthogonal spreading code lies in the multicarrier-CDMA system. In this
system, the orthogonal characteristics in the time field can be maintained by the design of narrow
band carrier, but the orthogonal characteristics in the frequency field will be destroyed partially
due to frequency selective fading. So if we apply the 2-Dimension orthogonal spreading code for
this systemn, the orthogonal spreading codes in the time field, the line vector of 2-Dimension
orthogonal spreading code, can provide excellent multi-access capability, and the spreading codes
in the frequency field, the column vector of 2-Dimension orthogonal spreading code, can provide
frequency diversity and some multi-access capability. For this system, if m and » are fixed, m*n
users can be supported at most. Among them, every n users are orthogonal, so the multiuser
interference is decreased » times. For example, if m=4 and n=16, totally 64 users can be supported.
For the conventional single carrier DS-CDMA system, totally 63 users will generate interference
to one user with spreading ratio 64. However, for the multicarrier system applying the
2-Dimension orthogonal spreading code, only 3 users will generate interference to one user with
spreading ratio 4 in the frequency field. On the other hand, when the data rate are varied, the
DS-CDMA system will suffer great performance deterioration, but the multicarrier system
applying the 2-Dimension orthogonal spreading code can modulate its spreading codes according
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to the principle above, so the performance will not be affected greatly due to the maintained
orthogonal characteristics.

Another application lies in the asynchronous transmission such as the reverse link in mobile
communication. In this case, the orthogonal characteristics in the time field will be destroyed due
to the asynchronous signal. If parallel transmission is adopted and the 2-Dimension orthogonal
spreading code is applied, the performance will be improved. In this case, different parallel
branches for one user’s signal adopt different line vectors of 2-Dimension orthogonal spreading
code, and different users’ signals apply different column vectors, Firstly, the signals belonging to
the user itself are orthogonal in the time field because they are synchronous, so the orthogonal
spreading codes in the time field, the line vectors of 2-Dimension orthogonal spreading code, can
distinguish them perfectly. Then the signals belonging to different users can also be distinguished
perfectly by the orthogonal column vectors that are transmitted at the same time. Moreover, the
advantage of supporting variable-rate services is also outstanding,

V1. Conclusion

In this paper, we examine a flexible 2-Dimension orthogonal spreading code suitable for the
parallel transmission. Moreover, we authenticate the orthogonal characteristics of the 2-Dimension
spreading code and provide a scheme to support variable-rate services. Through the design of this
kind of spreading code » we can avoid the degrading effect of some hostile conditions and keep the
orthogonal characteristics of various multi-rate supporting channels to improve the performance of
the whole system.

The combination between the designing method of the 2-Dimension orthogonal spreading
code and realistic parallel transmission methods, such as multicarrier transmission, OFDM and so
on, still needs further study.
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