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Exponential chip weighting waveform used in a direct sequence/code division mul-
tiple access (DS/CDMA) receiver is an effective method to reject multiple access inter-
ference (MAI). Recently, we introduced a strategy to determine the most appropriate
spreading codes (MASC) which might be used as references in a given code set for a
DS/ICDMA system employing exponentially weighted despreading sequences. In the
strategy it was shown that lower bit error rates might be achieved when the MASC,
which were differentiated by the strategy, are used as references. The main limitation of
the strategy was the requirement for dividing a code set into sub-sets to distinguish the
resultant MASC. In this study, we present a modified approach that eliminates this re-
quirement and also simplifies the determination of the MASC by ignoring one of the
calculations, which was taken into consideration in the previous strategy on the features
of the spreading codes in a given code set. Numerical results show that the MASC for a
given code set can be detected simply and precisely by using the proposed approach.

Keywords: spread spectrum communications, DS/CDMA systems, optimal code selec-
tion, multiple access interference, weighted despreading sequences

1. INTRODUCTION

DS/CDMA is a spread spectrum technique for simultaneously transmitting a num-
ber of signals representing information messages from a multitude of users over a chan-
nel employing a common carrier. InaDS/CDMA system with perfect power control, one
of the mgjor limitations in performance, and hence in capacity, is due to MAI [1, 2]. With
the intention of MAI rejection, an optimum multiuser receiver has been proposed in [3].
Although this receiver significantly outperforms the conventional single-user receiver, its
computational complexity grows exponentialy with the number of users. Various subop-
timum multiuser receivers have been proposed to achieve a performance near that of the
optimum receiver but with reduced complexity [4-7].

Because these suboptimum receivers require locking and despreading some or all of
the co-user signals to optimally remove MAI, they are till too complex to be imple-
mented in practice. Based on a noise whitening approach, a simple structure called the
integral equation receiver (IER) has been introduced in [8, 9]. The IER is constrained to
operate bit-by-bit, that is, to make bit decisions based on observation of the received
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waveform over approximately one bit time in the absence of knowledge of the co-users
spreading codes, chip timing, and carrier phase.

Since the |IER operates without knowledge of the co-users spreading codes, it re-
jects MAI mainly by taking advantage of coloration in the power spectrum of the re-
ceived chip waveform. This approach is different from multiuser detection strategies
proposed in [4-7]. It does not require knowledge of the spreading codes of the co-users; it
does not require locking and despreading the multiple arriving signals. It is aso not re-
quired that the same set of transmitters be active across many bit times. As might be ex-
pected, this approach can be applied under a broader set of circumstances than typical
multiuser detection, and with much less complexity, but it results in poorer performance.
However, it is not necessarily mutually exclusive with multiuser detection techniques.
The goal is to improve the performance of a single-user detector with respect to the in-
terference caused by the co-users (MALI) [8, 9].

The IER employs a despreading function, which is the solution of a Fredholm inte-
gral equation of the second kind. The resulting despreading function consists of 2N? ex-
ponential terms with the number of coefficients proportional to N?, where N is the proc-
essing gain. Moreover, it is till not easy to find the optimum despreading function in
practice if N isrelatively large. Because the despreading function given in [8, 9] empha-
sizes the transitions in the received signal of the reference user for MAI rejection, it has
been proposed to weight the despreading sequence with exponential chip weighting
waveforms [10, 11]. In this method weighting of the despreading sequences has been
applied at the receiver in order to utilize the spectral shape of the interference for im-
provement of the signal-to-interference-plus-noise ratio (SINR). The weighting functions
found in [11] are a simple approximation of the solution to the Fredholm integral equa-
tion found in [8, 9]. These weighting functions have been shown to be better suited for
practical implementations at only minor loss of performance in terms of MAI reduction
by noise-whitening. The success of this rejection scheme, especialy in relatively high
signal to noise ratios where the bit error rates (BER's) are mainly caused by MAI, has
been demonstrated by the same authorsin [11].

In our previous work [12], we showed that better BER performances might be
achieved for a DSICDMA system employing exponentially weighted despreading se-
quences by selecting proper codes as references in a given code set. For this purpose, we
had presented an efficient strategy that enables determining the MASC. Despite this abil-
ity, there was a requirement for dividing a given code set into sub-sets to distinguish the
resultant MASC. However, it should be noted that a number of calculations were re-
quired on the features of the spreading codes representing possible candidates to be em-
ployed as references[12, 13].

In this paper a detailed analysis on the strategy [12] is carried out and, a modified
approach, which not only removes the requirement of dividing a code set into sub-sets
but also ignores one of the calculations taken into consideration in the previous strategy,
is presented [14]. Throughout this paper, it is assumed that the spreading codesin a given
code set have equal cross-correlation properties.

This paper is organized as follows. In section 2, we provide some background mate-
rial needed in the rest of the paper. Section 3 presents the modified approach, and the
numerical results on the accuracy of the new approach are given in section 4. Finally,
section 5 contains some concluding remarks.
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2. BACKGROUND
2.1 Signal M odél

We consider a binary DSICDMA system with K independent users simultaneously
sharing a channel, each transmitting with power P at a common carrier frequency ax,
using adatarate R, = /T, and a chip rate R, = 1/T.. The kth user, (k=1, 2, ..., K), isas-
signed a unique spreading code sequence {aﬁk)} of chip elements (+ 1, — 1), so that its
code waveform can be given by

a (0= Y alP, (- IT,) &

j=—oo

where the function Py (1) denotes the chip pulse of duration T. The spreading code se-
quence 1al®) | is assumed to be periodic with one period equal to the processing gain N
=T,/ T.. The datasignal waveform by(t) given by

b ()= D bRy (t—Ty) &)
j=—oco
is binary phase-shift-keyed (BPSK) onto the carrier at @, which is then spread by that

user’s spreading code sequence (reference) and transmitted over the channel. The result-
ing kth user’s transmitted signal is thus given by

5 (t) = V2Pby (t)ay (t) cos(@ t + 6, ) €)

where the 6 is the phase angle of the kth transmitter.
Thereceived signal r(t) at the base station can be expressed as

K
() =) V2P (t -7 )3 (t— 7 )cos(@gt + ) +n(t) @
k=1

The random time delays and phases along the communication links between the K
transmitters and the receiver are denoted by 7 and ¢« (= 6 — w:%) for 1 < k < K, respec-
tively. The ambient channel noise n(t) is modeled as an additive white Gaussian noise
(AWGN) process with two-sided spectral density No/2. Random variables 5, and ¢ are
independent of one another and uniformly distributed in [0, T,] and [0, 27], respectively.

Based on the definitions given in [11], the weighted despreading sequence for the
kth receiver is

a,0= Y aPwOf- T ffe ¥ Je. - i) (5)
j=—o

where ¢{ =al9al and wi (t‘{c}k),cgf)l}), for 0 <t < T,, is the jth chip weighting
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al),al" al%) . Each ¢{ is a random variable, indicating whether or not the next
element of the kth spreadl ng signal is the same as the preceding element (c{®) =1 if
al)=a® and c =1 if al} =al). The jth chip conditional weighting waveform

for the kth rece|ver isdefined as[11]

aveform for Te kth receiver, conditioned on the status of three consecutive chips

my(t) if c(k) =+1 and cf'i)lz+1

my(t) if ¢{9=-1and c)=-1
PRI i+
w9 fe0 19 1™

(6)

mg(t) if ¢ =-1 and cl¥) =+1

m,(t) if ¢{9=+1 and c{)=-1

where my(t) for p € [1, 2, 3, 4] are the chip weighting waveforms. The elements of the
chip weighting waveforms my(t), my(t), ms(t) and my(t) are given by the following equa-
tions[11]:

my(t) =e7"?P; (1)

m,(t)=e 7T Pr2(t) + CEA Pro(t-Tc/2)

m(t) =€ 7R o (1) + €7 PP 1o (t-T, /2)

m,(t) =P, () +e 7R L (=T, /2)

(7)

where ye[0,) isa parameter of the exponential chip weighting waveforms. Without
loss of generality, it is assumed that user i is the reference user (7; =0 and
¢ =6, —w.7; =0) and the uth spreading code in a code set, having ¥ spreading codes,
used as areference. The SINR; ), conditioned on ?c}' '“)Sﬁ isgiven by

_ _ o detiw -1
awr = | Aramenviper]  wevze®y | g
27,21 (1-e 72+ y1- e 2] aNfey(er’? ~ 1+ ya- )]

where 7,= E,/ No, B, = PTy,, y= N, /N and, l\](i'u) is a random variable which

(i,u)
represents the number of times that cﬁ' W=_1 for al j € [0, N — 1]. The term

E(F{C?‘U)}, j in Eq. 8isgiven by

7
E(r{c?‘u)}l 7):5(“’) -1 4+E—7l6€7/2 +£y Y, g+ E—Z+}/—2+E+eE _12e7’2 5’
4 V4 V4 2 4 24 2% 14 27

©)

2 V4 v 2 y/2
R L I e 2T
4 /4 ' /4 /4
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where T){") , isthenumber of occurrences of {c('j),cf' 1) CH)} {vi.v,.vs} forall
jinthe ut{h spreadl ng sequence, u=(1, 2, 3, ..., V), selected as areference and each v, n
€ [1, 2, 3], takes values + 1 or — 1 with equal probabilities. It is worth noting that pa-
rameter y of the exponentia chip weighting waveforms should be tuned with respect to

each signal to noiseratio, %, , so asto maximize the SINR;;, ) [11, 15, 16].
2.2 The Importance of Employing Proper Codes as Refer ences

In order to demonstrate the advantages to be gained with proper codes as references
in agiven code set, it is useful to assess the BER performance of the ith user’s receiver
when different spreading codes are employed as a reference, sequentialy. It is well
known that the codes used for spreading should have low cross-correlation values and be
unique to every user. The Gold codes have only three cross-correlation peaks, which tend
to get less important as the length of the code increases. At the same time, they have a
single auto-correlation peak at zero [17].

Table 1 shows a sample code set. The spreading codes in this table are chosen from
aGold code set of length 31 [18]. The normalized cross-correlation matrix R between the
spreading codes is given in Eq. 10. As can be seen, the candidate codes have equal
cross-correlation properties (7/31).

Table 1. Sample Code Set, N =31and ¥ =5.

code #1 1111011000100111001011111110001
2 1011111111100101010000110110101
3 1100001011110101110011111010101
4 0110011011110100011001000110001
5 1101011010010101011001110101111

31 7 7 7 7]
737 7 7
R=—|7 7 3 7 7 (10)
7 7 7 317
7 7 7 7 31

In Table 2, the quantities T{") . and N, are listed for each code given in
Table 1. Since MAI ismodeled as a zero-mean colored, Gaussian process, the probabil -
ity of error P in all the BER curvesis defined as

Py = QB SNR 1) Q) =~ fexp(-1*/ 21t (1)

where max [SINR;;, ] is the maximum value of SINR;; . It is worth noting that by the
central limit theorem, the accuracy of the Gaussian assumption should increase as the
processing gain N and number of users K increase [11].
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Table2. Thequantities I'{*) . and N for each codegivenin Tablel.

(i,u)

(iu) (iu)
Code#u an) F(—l,—l,l) 1“(—1,1,1) . - i q
i (-1-1-1) + + Lu iu iu ’
n - " Ty | Tat | Taw .u)
Tablel 1,-1-1) 11-1)
1 1 6 10 3 5 6 12
2 6 8 4 4 2 7 16
3 7 6 10 1 3 4 16
4 2 8 8 6 6 1 16
5 10 8 4 2 3 20
10"
10°
10°
10-? .....
o
i
10°
10'” code # 1 in Table 1 /7700000 00000000000 MNIN
code # 2 "
" . code # 3 "
10 £l —— — codeg 4 "
b s code# § "
T ' I
] a 10

Ep / My (dB)

Fig. 1. BER performance of theith user’'s receiver when various codes given in Table 1 are used as
areference (K =5).

To emphasize the importance of employing proper spreading codes as references,
we consider using the codes (code # 1 — code # 5) given in Table 1 as areference. Fig. 1
shows the BER performance of the ith user’s receiver, when these codes are assigned to
the ith user as a reference. As can be seen, the worst BER performance (the lowest max
[SINR;;, y]) would be achieved by using the code # 1 having the smallest r\](i,u) among
these codes. Also, it is readily seen that the best BER performance (the biggest max
[SINR;;, »)]) would be achieved when the code # 5 having the biggest r\](i,u) isassigned asa
reference for the ith user. In addition to these observations, we should also consider the
following two cases:
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(1) Eventhough N of some codes are identical (Table 2), such as code # 3 and code #
4 in Table 1, the achieved BER performance is not exactly the same. Therefore,
thereis aneed for taking the quantities I“{V' Vo) into consideration for each code to
determine the MASC among such codes.

(2) Although the quantities F(lj‘f,) v} belonging to certain spreading codes are not ex-
actly the same, such as code '#2°and code # 3 in Table 1, it is possible to achieve the

same BER performance.

In the light of these observations, there is no doubt that the more suitable codes se-
lected as references are, the better the BER performances will be. Clearly, the codes
having the biggest max [SINR;;, u;] arethe MASC for using as references but unfortunately,
the max [SINR; ] with the 2 =Y must be computed for each code in a code set to make a
simple performance comparison on the ith user’s receiver which use different spreading
codes as a reference. So, it is obvious that the procedures summarized below should be
followed to determine the MASC in a given code set:

(i) Computethe quantities (V' ”V) vy and N, foru=(1,23,...,¥).
(ii) For acertain 7,(=15 dé where the BER s are mostly caused by MALI), compute
the optimal value of the parameter (75 ) which maximize the SNR;; ), for u=(1, 2,
S WP).
(iii) For all u, compute the max [SINR;;, ]
(iv) Mark K spreading codes with the biggest max [SINR;;, )] as the MASC.

In view of Egs. 8 and 9, there is no doubt that it is not so easy to find y; for each
code in a given code set (procedure ii). Furthermore, the computational complexities of
these expressions are obviously very high. As a consequence, this way is not practical
enough for a spread spectrum designer to distinguish the MASC in a given code set.

3. MODIFIED APPROACH FOR THE DETERMINATION OF THE MASC

In this section, we define the strategy introduced in [12] first, and then concentrate
on modifying it, rather than directly introducing the modified approach. In order to pro-
ceed, EQ. 9 can be rewritten as

- 1 i, i, i,
g (9= [AF{I1U)1 B (F{(—Ilt,l—)n} + F{(ll,—ul),—l})JrC (F{(—Ill,Jl),l} +T {(1|1U)1})

(12)
D r{(llul) 1}+ Er{(lI u1)1}"' F F{(lllul)}]
where
vi2 4
A 4412 1077 de (13.)
v v /4

Y 712 Y
B= S zy 7/ + e? — 12e +5e; (13.b)
2 4 24 27/ ¥ 2y



1048 CEBRAIL CIFTLIKLI AND IBRAHIM DEVELI

2 y
C= _E_ﬂ.{_lg_J/_i_}.e?//Z.{_e_ (13.0)
2 4 24 2 2y
2 y
Do| 3T T L g2 & (13.)
2 12 vy v
2 yl2 V4
Eo1-L4 7 P oz 887 & (13.€)
2 12 y 4 4
F=(y2) (13)

parameter, y
Fig. 2. A, B, C, D, E and F versus the parameter in the range of < [0, 4].

InFig. 2, A, B, C, D, E and F are plotted as a function of parameter yin the interval
(0, 4). As seen in this figure, the superiority state of these expressions compared with
thosein 'Y vary as the value of yincreases. To be more specific, if yis set to 2, then D
>C>F>A>B>E.If yisfixedto 3.5,thenD>A>C>B>F>E.

To elaborate further, let us assume that two different spreading codes, x and vy,
which have the features given below, are used as areference for the ith user,

(F{(—ile, 1} + F{(ll —xl) -1} ) = (r{(—lly—)l 1} + 1ﬂ{(li, ’—yl), —1}) (r{(—llxl) 1} + F{(JI, ’1),(11} ) = (F{(—Ilyl) 1} + F{(ll f,lzl})
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9 &y X - ply) X 20 4%, d.y)
{11—1} {Ll—l} {1—11} {L—ll} {1 -1,-1} {1—1 -1} {111} {111}

Nix =Ny

Also, let us assume that I“{(l'lxi} I“{' =" F{ = I“{ 11} =z(r > 2), and the
ith user’s receiver is tuned to the same value of the parameter, ¥, for these reference
codes. Under these circumstances, the difference between SINR;; » and SINR;;, ) will be
in the 0% and =¥ values for a certain 7, . As seen in Fig. 2, it is obvious that if the
receiver is tuned with a x which was selected from the interval (2, 2.6), then [rA(x) + z
F(%) 1 <[ zAx) +r F(¥) ], which implies that Z¢¥ < 2%, In view of Eq. 8, it is clear
that the highest value of the SINR;, ), in other words, the lowest BER, would be achieved
by using a reference code which contributes the lowest ratio of 2" value to the SINR;,,).
Therefore, it seems more suitable to use code y as a reference rather than code x when the
receiver istuned with a xk value selected from the interval mentioned above.

Let us now focus on the interval (2.6, 3), shown in Fig. 2. If we assume that the re-
ceiver istuned to a value which belongsto thisinterval, then [rA(%) + zF(%) 1 > [ ZA(%)
+1 F(%) ], which implies that =¥ > 209, In this case, code x is a more powerful candi-
date to use as areference in place of the code y on the condition that % is chosen from the
interval (2.6, 3). Likewise, we expect that the same BER performances can be produced
by using these codes as references when the ith user’s receiver is tuned to % = 2.6, which
implies2"Y = =09,

These observations are important because they imply that a performance compari-
son on the ith user’s receiver employing various spreading codes would not be accurate
due to ignoring y; for each code given above. Therefore, it seems that it is mandatory to
determine the max [SINRy; ;] which uses the 20" for each code, u= (1, 2,3, ..., ), ina
given code set to distinguish the MASC as references.

In order to proceed, we have searched for a starting point after which the greatness
state of the A, B, C, D, E and F in the =" remains fixed. For this purpose, we have ex-
amined the variations of these expressions (Egs. 13.a, ..., 13.f) versus yin alarge obser-
vation window, ye [0, 8] (Fig. 3). It isinteresting to note that, after a specific value of
the parameter, % = 5.6, the greatness state of these expressionsin () remainsinvariable
as depicted in Fig. 3. As seen, the final change in superiority was observed between C
and E at x = 5.6. After this point, it was observed that the greatness state of the expres-
sionsremainsasA>B>D>E>C>F.

After the stable order of these expressions is determined, it is now possible to ex-
plain the differences among codes having the same quantity of N () when we assume
that the ith user’s receiver was tuned to the same value of ¥ for each code in a code set,
by using the following expression (k> 5.6):

Al (r{(\iﬁl)z,w}) [A(Vt)r{ 1-1-1F B(Vt)(r{ 1 Ll}+r{l -1~ 1})+C(7t) (1“{ 110} F {livle})+

D(}/t)r{ 11— 1}+ E(yt)r{ll 11}+F(yt)r{(1llu1)} (14)
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300

200

100

parameter, ¥

Fig. 3. A, B, C, D, E and F asafunction of yin the range of y< [0, 8].

It is worth mentioning that because Eq. 14 is mainly derived from 20¥ in Eq. 9, the
MASC should be a combination of codes having values of A" |ower than the other
candidate codes in a code set (lower values of A" Y correspond to lower Z*Y). Therefore,
the following steps should be performed for determining the MASC in a given code set
[12, 13]:

(i) Compute the quantities r{(vll',uv)m} and N, , for agivencodeset, u= (12 3, ...,
¥).

(if) Divide the code set into sub-sets in which the spreading codes have an equal quan-
tity of N, and compute A“* for all u using Eq. 14, A

(iii) First, begin with the sub-set having the biggest quantity of N -

(iv) If the number of the active users (K) is less than the number of codes in this sub-set

(W), mark K of the codes having A" lower than the othersin the set asthe MASC.
(v) Findly, if K> Pq, follow the previous procedure (iv) for the next sub-set which has

I\Al(ivu) closest to the previous sub-set to determine the remaining K — ¥y MASC.

@i,u)

Despite the success of the strategy defined above, a major criticism that can be
raised against it is that the requirement for separating a given code set into sub-sets for a
simple performance comparison on a DS/CDMA receiver, which uses different spreading
codes as references [12, 13]. It is obvious that this requirement can easily be avoided and
a generalization of Eq. 14 can be obtained by including the knowledge of N(i,u into Eq.
14 [14]. The expression in Eq. 14, with the determined coefficient values, can be modi-
fied as
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A (F{(\Iffgz,vs} N )= 1072, (2200, y + 1-52(1“{0—'15)-1,1} +T0Y )
1,u
+ 0'76(11(1'511} + r{(li,’f,)—l} )+ 1'16F{(i—ﬁ,—1} + 0'821}(;,'511} + 0'361“{(1i,'u%} ] (15)

Based on the detailed investigations given above, we have chosen ¥ to be 6 to determine
the coefficientsin A") . It should be noted that the other values which satisfy the con-
dition %> 5.6 will aso support the validation of Eq. 15 [12].

The flexibility in the estimation of ¥ in Eq. 14 leads us to consider deriving an ex-
pression which reduces computational complexity compared to A(,'T;”). Because the coeffi-
cient of the last term, T}, inAGY is the lowest of the terms, we hoped to eliminate
this term without any significant loss (i.e., causing erroneous decisions) in the determin-
ing the MASC. To gain some insight, we have analyzed the variation of F according to
each expression A, B, C, D and E. As shown in Fig. 4, the proportional variations de-
crease rapidly to zero as the values of yincreases. Therefore, it seems suitable to ignore
I“{("”) throughout the determination of the MASC, on the condition that % is chosen

11,1} }
greater than 12. As aconsequence, A{'“) can be simplified asto

] 4 i 12 16
paramater, ¥

Fig.4. F/G,F/B,F/A F/CandF /D depicted asafunction of y
AT Ky ) = e [135302 85T, + 18 )

{v1,v,,vs}’ 10 4|<l(3 )
iu

+1.780, + TS0, )+ 354008 +3.49104, ] (16)



1052 CEBRAIL CIFTLIKLI AND IBRAHIM DEVELI

Note that ¥ is chosen to be 13, and other values which satisfy the condition % > 13
will lessen the importance of the lack of 1“(1'1”1)} in Eqg. 16 (Fig. 4). Finaly, we summa-
rize the procedures to determine the MASC in a given code set by using the modified
approach presented in thiswork [14]:

Step 1 Compute {(V' “V) v andN ,, except for Ty, foru=(1,23,..,¥).

Step 2 Compute ALY for all u, using Eq. 16.
Step 3 Mark K spreading codes having lower A(' “) values than the others as the MASC.

In summary, the modified approach has advantages over the strategy proposed in
[12]:

(i) The modified approach does not require dividi ng agiven code set into sub-sets,
(i) The necessity of computing the quantities 1"{ Ll} isremoved.

4. NUMERICAL RESULTS

In this section, numerical results of the accuracy of the proposed approach are pre-
sented. To indicate the usefulness of the approach, various code sets (code set # 1, code
set # 2 and code set # 3) with different code lengths are taken into consideration. The
spreadi ng codes in these code sets are chosen from Gold sets having lengths of N =31, N

= 63 and N = 127, respectively [18]. The selected codes in each set have equal
cross-correlation properties. The quantities 1“(' ”) s and N ¥ belonging to each code
incodeset # 1, code set # 2 and code set # 3 are g|ven in Tables3 4 and 5, respectively.

Table 3. Thequantities T . and N, for each selected codein thecodeset # 1 (N =

3land ¥ = 15).
i, | ros, » » "
i + + ) iu B
codeu T, N N My | Tomy | Ty a0
(1,-1,-1) (1,1,-1)
1 2 8 8 2 2 9 12
2 3 6 10 1 3 8 12
3 7 6 6 3 3 6 [ 16
4 3 6 6 7 7 2 G 16
5 9 10 10 1 1 0 g 20
6 10 8 4 4 2 3 R 20
7 0 12 8 6 4 1 E 16
8 5 10 2 9 5 0 D 20
9 0 4 8 6 8 5 12
10 3 10 10 3 3 2 I 16
11 2 12 8 4 2 3 N 16
12 6 12 4 6 2 1 AW 20
13 3 10 6 5 3 4 ms 16
14 2 4 12 2 6 5 12
15 9 6 6 5 5 0 20
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Table 4. The quantities T/ and N(i,u) for each selected codein thecodeset # 2 (N =

{vavst

63 and W = 15).
, iy | Tl , , X
codettu |ty | - N oy | Taty | i) Nu
Ty | Tiily
1 2 12 20 6 10 13 2
2 12 16 16 4 4 1| ! 2
3 4 24 16 8 4 G 32
4 12 12 14 14 N )
5 16 16 8 12 8 g 40
6 14 20 12 10 6 c 40
7 8 8 16 4 8 9| p 2
8 14 12 12 6 6 13 2
9 20 16 16 4 4 3| 40
10 4 8 2 4 12 1| N 2
1 10 12 20 6 10 5 | )
A(I u)
12 6 12 20 2 6 17 |Ams 2
13 18 20 12 6 40
14 4 16 16 12 12 3 2
15 16 16 8 12 8 3 40

Table 5. The quantities (¥ and N(.,u) for each selected codein thecodeset # 3 (N =

{rivava}

127 and ¥ = 15).
_ (i) (i) .
codertu | T(2lay r(,_lfll) F(;M’l) iy rify | T8 I
r((:LYE:)L,—l) F((ll,f)—l)
1 14 28 36 18 22 9 64
2 24 40 &7 12 8 1 72
3 10 36 36 18 18 9 ('3 64
4 12 2 P 12 12 27 | N 56
5 16 40 P 12 8 19 | o 64
6 12 24 40 12 20 19 Fé 56
7 18 44 28 18 10 9 | b 72
8 10 28 28 18 18 25 56
9 26 36 28 14 10 13 |I\| 72
10 6 28 36 18 22 17 56
1 12 24 32 16 20 23 | AW 56
12 24 2 P 16 16 7 72
13 16 2 P 16 16 15 64
14 10 28 36 14 18 21 56
15 14 36 36 14 14 13 64
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Table 6 shows the results of the expression Aﬁ;@ and the spreading codes distin-
guished as the MASC in the modified approach for code set # 1, code set # 2 and code
set # 3. In this table the code # u with (x) must be selected as the reference for each set to
achieve better BER performance. Note that the marked codes have lower A(,'Tg') values
than the others in the same code set. In order to emphasize that the proposed approach
finds the MASC, we present in Table 6 the calculated max [SINR;; ] values and the
BER’swhen al of the spreading codes in the sets are used as areference. Also shown for
comparison isthe MASC distinguished by using the strategy in [12].

As clear from Table 6, the spreading codes determined by our approach correspond
to the ones having a larger max [SINR; )] than the others in the relevant code sets. Fur-
thermore, we can see that better BER performances (lower BER's) can be obtained by
the use of the spreading codes distinguished as references.

Finally it should be stressed that although the T quantities have not been taken
into consideration in the determination (see Eq. 16), t{he modified approach has the abil-
ity to discern the codes that achieve fairly close BER's, such as code # 3 and code # 4 in
code set # 2 and, also code # 10 and code # 11 in code set # 3.

5. CONCLUSIONS

In this study, we have introduced a new approach to simplify the determination of
the MASC that should be preferred as references in a given code set for a DS/ICDMA
system using exponentially weighted despreading sequences.

Two important conclusions can be made from the details of the numerical results.
First, the requirement for dividing a given code set into sub-sets is successfully removed
by using the modified approach. Second, even though the proposed approach does not
employ one of the features belonging to a spreading code that is a possible candidate to
be used as a reference, it exhibits a competitive performance for the determination of the
MASC. Furthermore, the numerical results show that the modified approach can be ap-
plied to various code sets which have different code lengths for the same task, which was
the goal of this effort.

It is well known that users in DS/ICDMA systems are able to transmit information
simultaneously over the same bandwidth by modulating a spreading code unique to each
user. The necessity of storing a determined MASC in DS/ICDMA receiversisthe price to
be paid in single-user detection for the resulting improvement in BER.

This paper is limited to only an AWGN channel. In practice, multipath fading also
has a mgjor effect on BER performance, and needs to be taken into consideration. In fu-
ture work the authors plan to investigate the effects of multipath fading on the determina-
tion of the MASC. Even if the approach proposed in this work is suitable for the code
sets, including spreading codes with equal cross-corrélation, it is not in general form.
Generalizing the approach for the code sets which include codes having non-equal
cross-correlation is currently under investigation.
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