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Multiple Access Interference Rejection Code: LS Code

Dong Wook Roh and Dong Ku Kim

Abstract: A new code, LS code, was proposed for the IMT-2000
CDMA system. The code has special properties during a specific
time interval: 1) perfect autocorrelation, and 2) perfect crosscorre-
lation. Perfect autocorrelation means maximum autocorrelation
for zero time-offset and zero autocorrelation for all other times
during a specific time interval. Moreover, perfect crosscorrelation
means that the crosscorrelation has zero value during the time of
interest. If you have zero crosscorrelation during a certain time,
you can remove all the MAI within that time. However, the de-
tailed properties of LS code and its exact generation method have
been previously unknown. Therefore, we investigate the LS code
in regards to its exact generating method, properties, and perfor-
mances in this paper.

Index Terms: LS code, MAIL, MALI rejection code, IFW (Interfer-
ence Free Window).

I. INTRODUCTION

In the conventional CDMA (Code Division Multiple Access)
system, the MAI (Multiple Access Interference) depends on the
crosscorrelation value with the time-offset. If you have zero
crosscorrelation within the time interval of interest, you can re-
move all the MAI in that period. The code that removes the MAI
during a certain interval can be called the MAI rejection code.

In 3GPP2 (3¢ Generation Partnership Project 2), the IMT-
2000 system using one of the MAI rejection codes, the LS
(Large Synchronization) code, was introduced. [11,[2] Some
similar codes are already open to the public [3]-[5], however,
the exact generation method and the detailed properties have
been unknown until now. [6]-[8] We only get the code outputs
of length 16, 32, 64, 128. [1] In this paper, we will describe the
LS code in regards to its generating method, and properties and
provide simulation results.

I1. LS CODE GENERATION
A. Generation of LS code without IFW
A.1 LS code matrix; LS™
LS code with length N(= 2™) has the number of N codes

(m=2,3,4, --- ). ALS code matrix where each row vector
represents the LS code is defined as follows:
v N LSy
LSj\r = [C}V _S/V:] = 5 (1)
LSY
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where LSV isa N x N matrix, LSy (k =0,--- ,N—1)isa
row vector expressing the k-th LS code. C and SV are £ x &
sub-matrix constituting LS, S can be generated with C*, and

C™ will be defined recursively using C 2 in the later section.

A.2 C component; CV

Since the minimum length of LS code is 4, the initial matrix
for C component is C4. Moreover, CV can be 1§enerated recur-
sively using C Z. To specify OV, C* and C' are defined as
follows:

N
O
oF
C4=E _11}70%: 2 , )
N
Cx
4
N
where C% isa X x & matrix, G2 (i =1,2,---, %) isai-th

row vector with length 1 x %. Sub-matrix CV making up the

LS code matrix is defined recursively using pre-defined C % and
each row vector of C'VV is given by the expression below.

FC%-H CQ%](;:Q] ,  where i =4k +1

oN =C2Zc+l - 132}c+2] , where i =4k +2 5
1 271c+2 Cg?kﬂ] ,  where i =4k + 3
| dhi2 T 2%k+1] , where i = 4k + 4,

where k =0,1,2,--- , & ~1(e i=12,--,5)

A.3 S component; S

SN can be created using pre-defined CV and is given by (4)

& ey,
/N 'ﬁ—r+1
C.2 C%w
N :

CC%GI Cg—l

2
N N
=y | osV=| 9% | “)
b c;

C%+2 Cé'\r'

oy, oy,

where OV and SV are § x & matrix.
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Fig. 1. LS code structure without guard component.
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Fig. 2. LS code structure with guard component.

B. Generation of LS code with IFW

In order to make an IFW(Interference Free Window), guard
component with the value of zero should be inserted in both
locations; at the end of SV and between CV and S"V. Owing
to the guard component with the length Ly arp(LauarD 18
a positive integer), the total LS code length has increased to the
N(= 2™) + 2 x Lguvarp . LS code matrix with the guard
component is as shown below.

N Lcuarp Lcuarp
0 0

SN

LSN+2xLovarp  —
N olevarp _GN (Leuvarp
LS(I)V+2><LGUARD
= : , &)
N+2XLGUARD
LSy

where LSN+2xLovarp jsa N x (N + 2 x Loy agp) matrix,
LSYF2xLevarp (. —0,... N-1)isalx(N+2xLcuarn)
row vector expressing the k-th LS code. C and SN are £ x &
sub-matrix defined in the generation of LSY and 0L¢UARD g a

zero matrix with the dimension of & x Lgyarp.

III. LS CODE PROPERTIES
A. Length of LS code

The length of LS code without the guard component is
2™(m = 2,3,4,---) and the structure is shown in Fig. 1.

In order to get an IFW, the guard component should be in-
serted in both locations; at the end of the LS code without guard
and between the C and S component. The resultant LS code
length increases to the N(= 2™) + 2 x Ly arp because of
two guard component of length 2 X Loy arp(Lguarp 1S an
integer). The structure of LS code with the guard is given in
Fig. 2.

B. Number of LS codes

The number of LS codes without IFW of length N(= 2™)
is N. Also, the number of LS codes with IFW of length N (=
2m) + 2 x LGUARD is V.

C. Autocorrelation Property

The autocorrelation of LS code of length N(= 2™) + 2 x
LG arp has the maximum N (= 2™) when the time-offset is
zero, and has zero value when the time-offset is in the interval

(—Leu arp, Lau arp) except 0.
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Fig. 3. Autocorrelation of LS32812%4,

To investigate precisely, the aperiodic autocorrelation of k-th
LS code LS, t2*%6vAr jg defined as follows:

Ax(r) =

N+2xLouarp—1—T7
N+2XLGUARD ( ;
LS, (4)

j=0
% LSII€V+2><LGUARD (] + T),

where 0 <7< N+2x Lguarp — 1
N+2><LGUARD—1+TLSIIC\7+2XLcuARD (j B T) (6)
i=0
« LSIICV+2><LGUARD (]),
where — (N +2x Logyarp — 1) <7 <0

0, otherwise,

where LS, T2*Lcv4arp (4 js the j-th code value of k-th LS
code, 7 is the time-offset of autocorrelation. The autocorrelation
property of LS code of length N(= 2™) 4+ 2 X Lguarp is
summarized in (7) and (8).

l) When LGUARD =0

N =0
A = ’ 7
k(7) {Not fixed, otherwise. @)
2) When Lgyarp 2 0
N, T=0
Ak(t) =<0, 1 <|r| < Leuarp (8)
Not fixed, otherwise.

From the equations above, the autocorrelation property of LS
code within the time-offset interval of [-Leuarp, Lov arp)
has a perfect characteristic.  For instance, the LS code
LS}?872%4 of length 128 + 2 x 4 has the autocorrelation prop-
erty shown in Fig. 3.

D. Crosscorrelation Property

The aperiodic crosscorrelation between k-th LS code
L8N +2xLovarp and |-th LS code LGN T#*EGUARD of length
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is defined in (9).
Cra(r) =
rN+2><LGUARD—1—TLS’1€\;+2><LGUARD ()
7=0

> LSlN+2><LGUARD (J + 7_),

where 0 <7 < N+ 2x Lagyarp — 1

N+2XLgyarp—14T1
N+ .
LS 2XLGUARD(] 7.)

)
Jj=0
% LSIIV+2XLG’UARD (j),

where — (N 4+ 2 X LguarD —1) <7<0
0, otherwise,

where LSy t2*Leuarp () s the j-th code value of k-th LS
code, and 7 is the time-offset of crosscorrelation.

The number of LS codes of length N(= 2™) +2 x Lguarp
is N. If you assign a whole number of LS codes to a set, then
you can define the set as IRS (Interference Rejection Set) or
interference free set denoted by 1YY .

l(J)V - {LséV+2><LGUARD,L5{V+2><LGUARD,~“,

LS;\\I’;F?XLGUARD’} (10)

where [}/ is the first set with N number of elements.

If you divide the IRS [} into two parts, then you can get two
IRSs with the 2™~ ! elements: lgm_l,l{V1 . If you repeat the
above method until the number of each set becomes 279, you
can have a total of 29 IRSs: 12" °, 12" ... 127"’ BachIRS
is shown in (11).

lgm—g _ {LS(I)V+2><LGUARD’LS{V'*‘QXLGUARD"“’
Lsé\;tzgtLlGUARD}

lfmﬂ; _ {Lsé\rfntixLGUARD7Lsgntiill/GUARDf",
LS 5arane)

2m=9 N+2XLguaRD N+2xLguarp,-,
5 - {Lszxzm—a ’LS2x2m~g+1

N+2XLGUuAaRD
L52x2m_9+2m—971}

1)

2mTe N+2xLguArD N+2xLeuarDs
e =A{LS m=s » LSy am—a1

N+2XLguarp
LSkx2m—9+2m*9—1}

2m=9 N+2xLguarD N+2xLguarp, -,
12 1 —{LS(zg-l)xan ’LS(29—1)x2m"9+1

N+2XLguarp
LS50 1yxam s am-o_1};

where 12”7 is k-th IRS with the 29 elements. The cross-

correlation between two distinctive LS codes selected from one
RS "7 (k=0,1,2,---,2™79 — 1) is given by (12).
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Fig. 4.  Expansion of interference rejection set tree and selection of
representative interference rejection set.

0, || < Lirpw
C(r) = where Lipw = min(29 — 1, Lguarp)
Not fixed, otherwise,

(12)
where L;pw is a constant that represents the time interval with
zero crosscorrelation value, which is the minimum between the
guard length Loy agp and 29 — 1.

If you select two codes in one IRS, you can get a de-
sired crosscorrelation property in (12). But if you choose the
15¢ code from one IRS and the 2" code from another IRS,
then you cannot have the above crosscorrelation characteristic.
Therefore, you should choose only one IRS to keep the de-
sired crosscorrelation property. The selected IRS lim_g from

m-—g m—g m-g m-—g
773701277 ... 12,7 can be defined as the represen-

tative interference rejection set: R2” . The representative IRS

R?™7? is given as follows:
R2m79 — {Tgm—g’r%wwg’..- ,7'%::::_1} (13)
where R?"° = {lém‘y,l%’m_g,l%m_g, “ee,0r r%?:f}
The crosscorrelation between 72" ' and r?" ° (k =
0,1,2,---,2™79 — 1) in the set is shown in (14).
0, IT| < Lirw
Ck,l(’i') = where LIFW = min(29 — 1, LGUARD)
Not fixed, otherwise,
(14)

where L;pyy is a constant that represents the time interval with
the zero crosscorrelation value, which is the minimum between
the guard length Loy agp and 29 — 1.

From equations above, the crosscorrelation property of LS
code within the time-offset interval of [—~L;pw, LyFw] has a
perfect characteristic.

The relationship of IRS to representative IRS is shown in Fig.
4,
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Fig. 5. Determination of Ly .

For example, the LS code with the length 128 + 2 x 4 has the
crosscorrelation property shown in Fig. 5. As shown in Fig. 5,
you can determine the time interval with zero crosscorrelation
value by selecting the minimum between 29 — 1 and Ly arp.
In Fig. 5, the z-axis represents the number of elements in the
selected set, which is 128/29(= 27-9). The y-axis of the upper-
left graph in Fig. 5 is 29 — 1, that of the upper-right graph means
Lcuarp, and that of the lower graph stands for Ly which
is the minimum value between 29 ~ 1 and Loy 4np.

If you select 32 LS codes from the example above, which
the representative IRS is RZ = 2~ given by (15),
you can get the crosscorrelation between LS, IBE2XL and
LS8 F2x4 . [,8a28+2x4 The crosscorrelation is shown in
Fig. 5. Let me take another example. When you choose shown
in (16) as a representative IRS, you can obtain the crosscorre-
lation between LS;*t2*4 and [S1#8+2x4 ... [g128+2x4 5¢
illustrated in Fig. 7. As compared with that of F1g. 6, the IFW
length in Fig. 7 increases from [-3,3] to [-4,4], while the number
of available LS codes decreases from 32 to 16.

327*2 _ l§7_2 _ {L8528+2><4 LS128+2><4 . L5128+2><4}
4 - - 3 1 2
{s)
R 187 8 {LS128+2x4 [,§128+2x4 LSI28+2><4}
0 ’ 1 )
16)
E. Orthogonality
The number of orthogonal codes of length N(= 2™)is N.

The number of orthogonal codes of length N(=
L(]UARI) is V as well.

2™) +2 x

F. Interference Rejection Property

Interference rejection property is based on the crosscorrela-
tion property. The IFW (Interference Free Window) is defined
as the time interval [—L; pyw, L py | with zero crosscorrelation
value. In the conventional CDMA system, the MAT (Multi-
ple Access Interference) value depends on the crosscorrelation
value with the time-offset. If you have zero crosscorrelation
within the time interval of interest, you can remove all the MAI
within that period. Here, the IFW means the time interval where
the MAI can be removed.
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Since the IFW is inversely proportional to the number of el-
ements in the representative IRS and is confined by the guard
length, you should decrease the number of available codes and
increase the length of the guard component in order to lengthen
the IFW

IV. SIMULATION

The CDMA systems with LS code and conventional Walsh
code for spreading code are compared, using simulation under
the multi-path channel environments. The system model param-
eters and channel model parameters used for the link level simu-
lation are listed below in Table 1 and 2 respectively. The detailed
channel model parameters are based on the ITU-R M.1225. [9]
The uncoded BER result for the Pedestrian B channel and Ve-
hicular B channel are illustrated in Fig. 8 and Fig. 9 respectively.
The « axis of the Fig. 8 and 9 represents EbNo, the y axis stands
for uncoded BER.

In Fig. 8, the simulation is performed under the pedestrian B
channel. Fig. 8 shows that the performances using LS code with
guard interval 4 and 14 are superior to that of Walsh code. At the
uncoded BER of 1072, the gain is about 2.5dB. Since the chip
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Table 1. System models for simulation.

System using | System using
LS code ‘Walsh code
Spreading code LS code Walsh code
Spreading factor 128 128
Guard inerval(LGy ARD) 4or14 None
IFWLGUARD 4or14 None
Spreading Complex spreading
Modulation QPSK modulation
Channel estimation Ideal channel estimation
Channel power control No
Chip rate 3.6864Mcps

Table 2. Channel environments for simulation.

Pedestrian B | Vehicular B
Mobile speed 3 km/h 50 km/h
Channel modeling | based on the ITU-R M.1225
Carrier frequency 2GHz

rate is 3.6864 Mcps, the maximum delay of Pedestrian B chan-
nel is approximately 14 chips long. Therefore, the LS code with
guard interval 4 cannot eliminate all the interference caused by
the multi-path environment, while the LS code with guard in-
terval 14 is able to get rid of all the interference. The LS code
with guard interval 4 supports the IFW length 4 so that the max-
imum delay of Pedestrian B channel is out of the IFW length.
However, the performance curves of LS code with guard inter-
val 4 and LS code with guard interval 14 overlap each other in
Fig 8. The performance with guard interval 14 is slightly better
than that of guard interval 4, but the gain is negligible. That is
because most of the power in the resolvable multi-paths is con-
centrated onto the paths whose delays are within the IFW length
4. In Pedestrian B channel, about 87% of power is concentrated
within the delay length 4.

Fig. 9 depicts the uncoded BER performance under Vehicular
B channel. The system using LS code with guard interval 4
shows advantage over that of Walsh code. At the uncoded BER
of 10~2, the gain is about 1.6dB.

Simulation results show that the LS code with guard interval
4 could support the gains for both Pedestrian B and Vehicular
B channel environments even if the IFW length is not larger
than the maximum multi-path delay length. That is because
most of power is concentrated on the paths with small delay.
The performance of LS code is largely dependent on the paths
with dominant powers. Once most of the power in the multi-
paths lies within the designed IFW, the performance gain can
be achieved. Therefore, both maximum delay spread and power
profiles should be considered carefully when selecting the IFW
length.

V. CONCLUSION

In this paper, we’ve investigated the LS code in regards to its
exact generation method and properties, and performances using
simulations.

LS code is one of the MAI rejection codes and has special
properties during a specific time interval i.e., IFW: 1) perfect au-
tocorrelation, and 2) perfect crosscorrelation. Perfect autocorre-
lation means maximum autocorrelation for zero time-offset and
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zero autocorrelation for other times during IFW. Moreover, per-
fect crosscorrelation means that crosscorrelation is zero during
IFW. If you have zero crosscorrelation during IFW, all the MAI
within IFW can be removed. However, there is a trade-off be-
tween IFW length and the available number of LS codes. Since
the IFW i1s inversely proportional to the number of elements in
the representative IRS and is confined by the guard length, you
should decrease the number of available codes and increase the
length of the guard component in order to lengthen the IFW.

The performance of LS code is largely dependent on the paths
with dominant powers. Once most of the power in the multi-
paths is concentrated within the designed IFW length, the per-
formance gain can be achieved. Therefore, both maximum delay
spread and power profiles should be considered carefully when
selecting the IFW length according to the channel in which the
designed system is used.
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