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Abstract

In recent days, on the horizon of wireless worldwly proposed multiple access scheme known as
Interleave-Division Multiple-Access (IDMA) has maite remarkable impact. Researchers all over world,
are making hard marks to establish the schemeblish its claim as potential candidate f8rgeneration
wireless communication systems. This paper is aoecewith the performance enhancement of iterative
IDMA systems under coded & uncoded environment. pagormance of an interleave division multiple
access (IDMA) system can be improved by the optchipower allocation techniques. Based on the
optimized power allocation technique we compare pghdormance of coded & uncoded IDMA system
with random interleaver & tree based interleaveuriby the simulation, it has been observed that tre
based interleaver demonstrate the similar bit erate (BER) performance to that of random interbgav
however on other fronts including bandwidth and menrequirement at transmitter and receiver ends, i
outperforms the random interleavers.

Keywords: Tree Based Interleaver, Random Interleaver, IDMAgdr programming, power allocation,
BER.

1. Introduction

The well established Direct-Sequence code-divisiuitiple-access (DS-CDMA) which is also known as
simply CDMA has been adopted in second and thindegaion cellular mobile standards. The CDMA
scheme possesses many attractive features suclynamid channel sharing, mitigation of cross-cell
interference, asynchronous transmission, easdlgflaaning, and robustness against fading.

In CDMA system, many users share the same trangmissedia so that signals from different users are
superimposed, causing the multiple access intertergd MAI) problems. At the receiver side, it is
necessary to separate the mixed signals. Multi-ussection (MUD) is a technique to improve
performance by jointly processing the signals foaih®f the users.

Recently, it has been shown that multiuser detedtgether with unequal power control can enhahee t
performance of code division multiple access (CDM#3tems. The complexity and computational cost is
the major problem of CDMA systems.

Interleave Division Multiple Access (IDMA) schemewhich interleavers are employed as the only means
of user separation. Interleave division multipleess (IDMA) is a special case of random waveform
CDMA, and the accompanying chip-by-chip (CBC) estiion algorithm is essentially a low cost iterative
soft cancellation technique [Ping L. & Lihai L. @0)].

The chip-by-chip (CBC) MUD algorithm for IDMA is aiterative soft cancellation technique for treating
multiple access interference (MAI). Its computatibcost is very low, being independent of the total
number of users when normalized to each user [Wariging L. & Liu L. (2006)].

With equal power control, it has been shown in [LiuTong J. & Ping L. (2006)] that IDMA togetheiitiv
CBC algorithm can achieve performance close totlte®retical limits. Unequal power allocation is a
technique to further enhance system performanci]jra linear programming technique is employed fo
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power optimization of IDMA systems over additive iteh Gaussian noise (AWGN) multiple access
channels (MACs).

In this paper, we use the unequal optimized powecation technique to the uncoded-IDMA system with
random interleavers & tree based interleavers.rAfiat we compare their performance and reacheo th
conclusion.

Section 2 contains an introduction of the IDMA commitation system. In section 3, we discussed about
tree based interleaver. In section 4 we discusbedpbwer allocation techniques in brief. Section 5
presents the simulation results of uncoded-IDMAhwiandom interleaver and tree based interleaver.
Section 6 concludes the paper.

2. Iterative IDMA System

2.1. System Model

Consider an IDMA system with k users. At the traitimn side, the information bits for user k aresfir
encoded by an encoder (ENC) based on a FEC codthandnterleaved and transmitted over a Gaussian
multiple access channel (MAC). The received sigaal be written as;

r(j)= thk() n(j), j=12.. 1)

WhereX, ( j) D{+1 —]} is the jth chip transmitted by user-R, the coefficient for user-k representing
the combined effect of power control and channet Iand{ n( J) are samples of an AWGN process with
zero-mean and varianag” =N, /2 [4].

The receiver consists of an elementary signal estim(ESE) and k a posteriori probability (APP)
decoders (DECs), operating iteratively.

For each user k, we rewrite (1) as;

r(j) =hx (1) +&(i) 2)

where,
& (1) = 2. hex (1) +n(1) ®)

2.2 The CBC Algorithm

E(&(J)):tanh(eomé&( i)}{ﬁ Pk, @
Var(&(i))=1-(E % (1)) 0k, ] ©)
Efk hex (1)K, | ©®)
Var =§: Var(x( j))+o?, 0K, | @)
& ={2h/ Var(gk ( ) -E Ok j 8

After (8), the A P decodlng in the DECs is perfodmeto generate the LLRs
{eDEC ( Xk( j)) , Jt -Then go back to (4) for the next iteration

3. Tree Based Interleaving Mechanism
In iterative IDMA system each user has a speciﬁerieaver{ nl'(} having length equal to chip length ‘J’.
A considerable amount of memory will be requiredstore the indexes for these interleavers. The tree
based interleaver is basically aimed to minimize ¢omputational complexity and memory requirement
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that occurs in power interleaver & random interkxgvrespectively [Shukla M., Srivastava V.K. & Thiva
S. (2009)].

In a tree based interleaver generation, two ranggaherated interleaver are chosen. Igtand 77, be
the two random interleavers. The combinations e$¢htwo interleavers in a particular fashion asvshio
the figure 2 are used as interleaving masks fousiees [Shukla M., Srivastava V.K. & Tiwari S. (20D

The allocations of the interleaving masks followe thinary tree format. The interleaving masking chag

is shown upon 14 users for simplicity. It is clgaghown through the figure that, for obtaining the
interleaving sequence of the"dser, it need only 2 cycles, as in [Shukla M.y&stava V.K. & Tiwari S.
(2009)].

T, = 772(772(772))

4. Power Allocation Strategy for Users
This section is concerned with the power optimaatiechnique for IDMA systems over AWGN channels.

4.1 Problem Formulation:

For simplicity, we assume that, for all users, shene FEC code is used and the same BER p for
required. LetLyk " be the average SNIR for the outputs of the ES&r dlfte I-th |terat|on l DB
be the average vdriance of the outputsdEC, driven by an input sequence with SNI a
M., Srivastava V.K. & Tiwari S, (2006%hukla M., Srivastava V.K. & Tiwari S. (2009)].

We can approximately trac, ) using the following recursion;

(1+2) - R<|hx|2

Y - | ,Ok,1=01,..(- 1 (10)
SR £(1")+0°
izk
where L is the maximum number of iterations.
For AWGN channels, we have,
) =1,0x
Then recursion (10) reduces to,
+ P \
p = - Ok,1=0,1,...- L (11)
> Ri(r")+o?
izk
Our objectlvze now is to minimize total power P, while achieving the required
performance/, '’ 2 r, Dk for specifiedl” [2]. This power opt|m|zat|on problem can be forated as
follows.

4.2 Power optimization over AWGN channels:
Find the distributior{ P} that minimizes,

®=>"PR (12)
subject to, k
y =1, Ok (13)
wherei yk(')} are obtained through the following SNIR evolutiprocess with initializatiow/k(o) =0,
for all
(9 = R ~ 0k, 1=0,1,..L~ 1 (14)

TSR (W) o

izk
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Problem (14) is generally nonlinear and non-convEie problem considered above is to find the
minimum sum-power solution within the feasible my[Shukla M., Srivastava V.K. & Tiwari S. (2009)].
We define the total interference after the I-thaten of recursion (11) as,

N =Zpkfk(yk(l))+02 (15)
k=1
Then (11) can be rewritten as
y " = R Ok,1=0,1,...(- 1 (16)

| |
|() _Pkfk(yk())
B. Linear Prograll Ining Approach:

In problem (12), the constraints (13) & (14) areli@ear with respect to the optimization variab{d%,’(} ,
which makes the problem complicated. We therefaesicler a linearization technique to solve this
problem.

We quantize the power Ieve{st(} into (M+1) discrete levels : { P(m), m=0,1,...... M} witP(m-1) <

P(m), m=1,2,....... M, and patrtition the k users intoHM groups according to their power levels. Letting
A(mM) denote the number of users assigned with powel R{ve) [Shukla M., Srivastava V.K. & Tiwari S.
(2009)].

Then total power (12) is rewritten as
@=2 AmP(m (17)
m
and the number of users k can be represented as,

k=3 A(m) (18)

y")(m) be the SNIR of the ESE outputs for the userséngttoup with power P(m) after tih iteration
and assume that user-k has power P(m). Then (1®2pRcan be rewritten as,

10 =Y AmP(m) (y"(m)+0? (19)
. P(m)
10 =P (m) f (V) (m)

Since{ I (')} is a monotonically decreasing sequence, i.e.,

Y09 () = Ok 1=0,1,.....— 1 (20)

1 <10 =0, 1,.... (L-1) 1)
Substituting (21) into (20) and introducing a defagtor 5(0 < 5<1) to control the convergence speed
of the iterative detection, we get,

S AmP f(yO(m)+o*<@-0) I (22)

0,1, (L-1)
Now we take{)l(m)} as optimization variables. In this case both tgat function (17) and the
constraints (18) & (2022 appear linear with resrie{M(m)} . Howevery( +l)(m) in (20) is dependent
on{)l(m)}. Now, y 1)(m) can be treated as pre-calculated parameter whearliprogramming is
applied.
Using an approximatign
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pUm =y m =S @3)

* denotes approximation.
We can rewrite (22) as

> Am)R(m f(P(m)j+azs(1—5)l osisl. (24

wherel & | . sp?cn‘y the total mterference at the beginnind end of the iterative detection and the
iteration indeX for I is omitted. We evaluate (24) at a set of quantimddes of I:{l(n),n=0,1,..N}. By
pre-calculating{ fon="f (P(mi/ I(n)} and using{ f.nf @ constants, we obtain a group of linear
constraints with respect to (m); [2].

In summary, we have

@=> A(MP(m (25)
subject to
A(m) = k (26)
A(m)=20pm=0,1,...M (27)
S ARt f[P(m)]sz(l—d)I,Imms 1% (28)
Let y (m) denotes the total power of the&;ém) users. As such,
y(m)7(m) P(m) (29)
Substituting (29) into (25),(27) & (28) we get
p= Z y(m (30)
subject to,
Zy(m)f(P( )]m <@-3)1,1_<l<l (@3
y(m=0,m=0,1,...M (32)
In practice in [1], both P and | should be quartizéNMe need to determine the searching
rangesP,. ., P T in & | oy L€t US quantize P and | as
P(mM=a"R,,, m=0,1,...M (33)
I(n)=4",,n=01..N (34)
with P(0)=P,,,, >0, P(M)=P,_,.1(0)=1,,>0, IN)=1 __.,a >1 and 5>1.
Then (31) becomes,
Y ymf(a"s"y)+0% <(1-8)B",, (35)
Since =P/ lin (36)

The minimum SNR is obtained at the end of the ﬁimadecodlng process. Hepecan be determined by
the desired BER. For more details about the reldietween)y and BER see in [1]. Since

=3 A(m = Zgig Zm“yr?c_'_m 37)

> y(ma™ - kyl,, =0 (38)

m
We can replace (31) by (35). We can also includ® @ part of the LP constraints. In this way
| ., becomes an optimization variable aR}|,, can be determined frorh_;, by (36) [1].

We get,
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We still need to determine M and N in (33) & (34).general, we just use a sufficient large M, sitiee
LP will automatically determine the maximum powevel used. We start with a relatively small N.
If after the LP,

e = 2 Y(M) x1+02 > 1(N) (39)

then the quantization range in (34) is not suffitieand we increase N and repeat the LP until
e ST(N).

5. Simulation Results
The power profiles for 32, 48, 64 users are givelow in the Table 1.
As we see that the performance improves with irsgrdalata lengths. We can also see that a datdlehgt
512 is sufficient to achieve relatively good penfiance. Performance enhancement is marginal with
information block longer than 512.
If user count is K 32, then fewer than 20 iterations are sufficienedsured zitO_“) and more iterations
do not bring about significant performance improeam However, when user count is=&8, more
iteration can be beneficial [Shukla M., Srivastdd. & Tiwari S. (2008),Shukla M., Srivastava V.K. &
Tiwari S. (2006)].

6. Conclusion
As we see from the simulation results that in urécquower allocation technique with Tree based
interleaver based uncoded and coded IDMA systerasgihie better results in comparison to random
interleaver based IDMA system.
So using Tree based interleaver in IDMA system witiequal optimized power allocation technique will
enhance the performance in comparison to randoerléatver and also reduce the memory cost &
computational complexity.
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Table 1
Power Profile For 32, 48 & 64 Users
(power level(dB)x (user numbe
K=32 | 0x25, 5.381 %7
K=48 | 0x26, 7.450x8, 10.348 x8, 10.762 X6
K=64 | 0x25, 7.864 x7, 8.278:x7, 13.245 x5
13.6594x7, 18.6266¢ 13
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Figure 1. (&)The transmitter for user-k. (b) A part of the reegirelated to user-k.
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Figure 2 Interleaving mask allocation for the proposed Trased interleaving scheme
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Figure 3 (a). 32 users Random Interleaver
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Figure 3 (b). 32 users Tree Based Interleaver
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Figure 4 (a). 64 users Random Interleaver
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) 16 users with and without coding tree based interleaver
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Figure 5 (b). 16 users Tree-Based Interleaver wiith without Coding
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