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Abstract: Due to its good performance and low complexityefforts made by several researches for cancellatfddAl,

IDMA is believed to be an important technique fotuire radio

access (FRA). However, its performances are hidffidgted by the
interleaver design. In this paper we propose twotrdautions to

improve the performance of the IDMA. First, we posp a new
interleaver design, called "NLM interleaver", whighproves the
computational complexity, reduces the bandwidthscomption and
the memory requirements of the system. It alsoigesvinfinite sets
and quasi-orthogonal spreading codes and intengavased on
only one parameter. Second, we propose a hew Us&igg

algorithm based on the correlation function to ioyer the

resources (codes and interleavers). In fact, altsuare divided into
several equal-size groups where each group's dataamsmitted at
the same time, with the same frequencies and tine §aerleaver.
The simulation results indicate that the proposgtesie achieves
better performances compared to the existing dlgos.

Keywords. IDMA, G-CDMA-IDMA, Interleaver Domain, New
Logistic Map, User Grouping, FRA, 5G.

1. Introduction

The 3G technology has achieved a lot of succesashyg

such as successive interference cancellation (BIKZ] and
parallel interference cancellation (PIC) [8-10]. #&tworks
rely on orthogonal frequency division multiple asse
(OFDMA) in the downlink and on single carrier fremey
division multiple access (SC-FDMA) in the uplinkoWever,
considering the use of FRA, these approaches (CDMA,
OFDMA and SC-FDMA) are not sufficient or need to be
improved. Thus, to realize 5G promises (offer urdaé
communications for all users regardless of the tieeminal,
wireless device, or geographical position), advdroeltiple
access techniques need to be developed. Such daebkni
should share frequency and time resources by rreiltipers
on the available bandwidth, and separate usemsakigising
another parameter.

In order to enhance the spectrum efficiency withwne
parameter, Higuchi et al. superposed multiple userthe
power domain and have developed a new multiple sscce
technique called Non Orthogonal Multiple Access &)
[10]. In this technique the time and frequency teses are

spread spectrum DS-CDMA techniques. In the lastr fowhared by all users and their different signalssaeparated by

years, the 4G mobile communication systems sudoras

using the power domain. Its performance compareth¢o

term evolution (LTE) [1] and LTE-Advanced [2, 3] OFDMA increases when the difference in channel gjasn

standardized during the spring 2011 by the 3rd Geiom
Partnership Project (3GPP), have been widely depldn
most countries in the world. This technology pread
important benefits to users, i.e., improves robestnagainst
multipath interference and provides better affindyMIMO
technologies.

However, 4G wireless networks have not been ableof®
with the increasing demand of mobile devices’ uséhss is
why new telecommunication solutions, like futuredica
access (FRA) or more particularly 5th generationeless
system (5G), have been adopted. Some of the mamigpes
of 5G wireless communication systems are achieringile
broadband speeds up to 10Gb/s, multiply systemcispday
1000; multiply energy efficiency by 10, multiply enage
mobile cell throughput by 25, and add new servigits less
power consumption.

One of the hardest issues in all wireless netw(frksn 2G to
5G) is sharing the communication channel and thanoon
resources between large set of active users ifl.alcedeal
with this issue, several approaches have been pedpsuch

as spread spectrum in CDMA (widely used in the 3rd

generation mobile communication system). In fadbM2a
has been emerged as the main technique where wukses’
are multiplexed by distinct spreading sequencdserathan
orthogonal frequency band, as in FDMA, or orthoddimae

large [10].

Based on the advantages of SIC receiver, Saitl. dtave

proposed a NOMA with SIC [11] in order to separtite

desired and interfering signals. They argue thaivi®Qwith

SIC is a promising technique for FRA. The SIC scheem

attempt to remove MAI from each user received digna

before making data decisions.

Another multiple access technique, called IntedeBivision

Multiple Access (IDMA) has been developed by Pingle

[12]. This technique explores the possibility tcashtime,

frequency and spreading codes by all users, andthese

interleavers to distinguish their signals. The amopof the

IDMA technique has been limited due to:

» The bandwidth resources requirements: the exchahge
interleavers between transmitter and receiver regua
large bandwidth.

» The memory resources requirements: amount of memory

is needed to store the interleavers at the tratesmand

the receiver, which may cause serious concern \then
number of users is large.

Computational complexity: computation of user sfieci

interleaver.

To overcome these limitations, some researcherse hav

developed different designs of interleavers wit #im of

reducing the bandwidth and memory resources, su&ch a

slots, as in TDMA. It has been limited by the mulituaOrthogonal Interleaver (Ol), Random Interleaver )(RI

interference (MAI) caused by the users’ signal. Fois
reason, CDMA is not suitable for 4G technology dtesthe

Nested Interleaver (NI) [13], Shifting InterleavdSl) [14]
and Deterministic Interleaver (DI) [15]. In most tfese
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designs, the exchange of
interleavers' matrix between transmitter and remeiis
needed. Thus, a large bandwidth will be consumetitha
spectrum efficiency will be reduced.

In this paper, we firstly describe our motivatioggarding
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the spreading codes alpelen recently proposed as multiple access techmidore

FRA. The NOMA scheme should be used with dirty pape
coding (DPC) or a SIC receiver to improve its perfances.
In [26], NOMA is used with a SIC receiver to canagker-
cell interference. This receiver requires demodutaiand

user grouping CDMA-IDMA with the New Logistic Map decoding for all sets of devices. This may incretse

Interleavers (NLM Interleavers). Secondly, we prepan
algorithm to generate the required parameters dsjmg
codes and the interleavers' matrix) to distinguisérs in G-
CDMA-IDMA, using only one parajj %
saaaaynhbbvbv cvvmeter (the initial state). Thighoe is
realistic, since it does not require a lot of meyniar store v
hggbbbbhgf gbetween the transmitter and the recésva
single parameter. Thirdly, we propose a new useujng
algorithm based on a correlation function. We dividll

users into several equal-size groups where eaalpgrdata
are transmitted at the same time, with the sanwuémecies
and the same interleaver. We exclusively allocate
interleaver to a group and we affect the orthogespatading
codes to different users. These codes are reusexthear
groups.

Based on our simulation results, the chaotic systérivl,

used to generate radio resources (codes and anmerl, is
designed to be easily implemented. In additiohais been
conceived to be secure and generate infinite $etsdes and
interleavers. This technique reduces bandwidthcieffcy

and memory consumption. Moreover, our user grouping

algorithm is suitable when resource availabilityaiserious
concern in the desired systems, as in the casé.of 5

The remainder of this paper is organized as foll®action 2
describes our motivations. Section 3 defines thstesy

model and G-CDMA-IDMA system structure. Section 4

develops our proposed algorithm to generate theasimg
codes and NLM interleavers. In Section 5, we discile
user grouping algorithm based on the orthogonatify
spreading codes. Section 6 presents simulationtseand
discusses the performances of the proposed syskénadly,
Section 7 concludes the paper.

2. IDMA Motivations

Various multiple access techniques are proposesatisfy
4G requirements. Among these techniques, we canMig-
CDMA  (Multicarrier-CDMA), OFDMA (Orthogonal

FDMA), SC-FDMA (Single Carrier FDMA), and IDMA

(Interleave Division Multiple Access). They deliveigh data

rates transmission and reliable coverage for braadb

wireless access with high efficiency.

processing delay. Due to the use of a SIC receitret
technique has a drawback in terms of receiver cexitgl In
addition, its feasibility will highly depend on tlexolution of
device processing capabilities expected toward 2(26].
The SCMA is a multi-dimensional codebook-based non-
orthogonal spreading technique; it is a type of RICMA
with a particular choice of a sparse code booklifating
low-complexity maximum likelihood (ML) detection.ugh
as MC-CDMA, SCMA suffer from a high complexity in
receiver and transmitter and multi-user interfeeemehich
make it complicated at high number of users. Fir rsason
& nnnnnnnnnnnnn believe that the IDMA techniquehwit
NLM interleaver and user grouping is a promisingdidate
as multiple access technique for 5G networks.

>

Power

Frequency

Figure 1. Four QPSK data symbols to be transmitted in
NOMA, OFDMA and SC-FDMA.
2.1 Distinguishing users in single channel: required
parameters

Symbol 3

Symbol 4

The MC-CDMA is based on the concatenation of sprepd

In this section, OFDMA, NOMA, Sparse code multiplecodes with multi-carrier modulation to distinguiskser

access (SCMA) and IDMA are investigated to highlidieir
fortes and weaknesses as candidates for FRA.

symbols. Consequently, the orthogonality of freqyen
spreading sequences is required and the spectrallaton

The performance of the OFDMA and SC-FDMA, OFDMAshould be null or small. On other hand, the systequires
and NOMA, and OFDMA and SCMA have been widelythe exchange of the spreading codes at high rateigh

compared respectively in [17, 18] and [19]. The O/FD

makes it impractical at high traffic. In contrast MC-

and SC-FDMA are adopted to achieve higher throughpGDMA, OFDMA based on OFDM techniques, formed by

performance for 4G. A number of existing works h&wend
that the OFDMA are sensible to imperfect synchratiin
[23] and cross layer optimization (CLO) for hetezogous
users (becomes more complicated for device to ddid@D)
communication) [21-25]. In this sense and to accouotete
5G services, NOMA [26, 28], [33-35] and SCMA [2%sh

dividing the available subcarriers into several -non
overlapping subsets. The available subsets of subcaare
assigned to each user (flexible assignment of &equ
resources to individual users). Using OFDMA allomsre
granular exploitation of multiuser diversity for ghier
spectral efficiency [27] with an ability to provideuperior
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quality of service (QoS). Unfortunately, there aiso some
disadvantages to this technique, such as strorgitiséy to
carrier frequency offset and strong sensitivityntnlinear
distortion in power amplifier. This is due to thigin peak to r(j
average power ratio (PAPR). NOMA utilizes power cim ESE
such as new additional domain for user multiplexing
However, SIC and capacity- achieving channel cqtlks
Turbo code or LDPC) are used to achieve separaifon
users’ signals.

In SCMA systems, data of different users are spriead Figure 3. G-CDMA-IDMA receiver structure.
frequency-domain using a sparse code book (SCR3.SICB
produces low-complexity maximum likelihood (ML)
detection.

In IDMA technique, users are distinguished by theiique
user-specific interleavers. Each users’ data spusan) same
spreading codes and transmitted at the same tirdettan
same frequencies. With user grouping technique
succeeded to divide all users into several eqaal-gioups.
Each groups’ data are transmitted at the same tiitie,the
same frequencies and the same interleaver. Thegmtal
spreading codes are affected to different useasgroup and
reused in other groups.

4
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We assume that group the user belongs to andtiéxeaver
of this group are perfectly known at the receiver.
The iterative detection process treats group-byygrevhere
the IUI in each group can be completely eliminatéte
orthogonal spreading codes are employed in eaalpyrdt
ssan implement an Elementary Signal Estimator (ESi)
g single user a posteriori probability decoders (APEC).
After knowing the group to which the user belongse
receiver works in the same way as in IDMA syste8#.[A
list of the symbols and their description usedhis paper is
given in Table 1.

A
g b’ d"!

2.2 Utilization of additional domain for user multiplexing &g Spéeeder’lnter%eaver}’ BPSK

m

In the main multiple access technologies, the acces User . .
coordination may be carried out in the frequencyndim Group 1| . b . g .
(FDMA, OFDM, OFDMA,...), in the time domain (TDM, Lsmeadert}mterjleaver,
TDMA,...), in the code domain (CDMA) or in a combtion . ¢ il BrEE
of these domains (MC-CDMA, SC-FDMA, ...). The NOMA :

[33, 35] utilizes an additional hew domain, i.de tpower " b9 d'e
domain. Users in this domain share a common primary ?;»Spr%aderl’lnterleaver’ _—
supply set, which is unusable when the number efsus C Ui

very large. This is mainly due to the difficulty gower User . 2 .

control. As a different technique, IDMA utilizes eth  Groupg| ug U8 e ghe e
3"
=

@nterleaver dom_ain (superposes multiple users ie th Spé%ader},lntirgeave'], HEGR
interleaver domain).

Figure 2. G-CDMA-IDMA transmitter structure.
3. IDMA System M odel

In our G-CDMA-IDMA system, U simultaneous users are
divided into G smaller and equal-size groups using a user
grouping algorithm (which will be described in sent5). Here, we modified the logistic map [30] and devetbpes
Each useru in a group g spreads its information big ¢  €xplained in [16], a new one-dimensional chaoticpma

by its spreading sequen of lengthN,, given in bits. The named. “New Logistic Map (NLM)". TO_ generate the
spreading codes and the interleavers' matrix otigdrs we

spreading operation generaté§ 9 = a9 xclU | The use the NLM described by:
chip streams of all users in the same group aezléaved by

4. Generating the Interleavers and spreading
codes: Proposed algorithms

z
= -_n
an interleavern 9 with a lengthN (N belong to the set Z(n+1) _/]Zn(1 N ) @

of natural numbers excluding zero) allocated t@ @ioup. Where Z,[0 N] and N represent the sequence (code or

The sequences' 9 = (b"'9) ., produced after interleaver)length. . _
interleaving, are modulated by using Binary Phasift S The rgsults_of N_LM chaotic pehawo_r_(Lyapunov EXpIOIS
Keying (BPSK) and bifurcation diagram) and its stability points aresented

At the receiver, the signal is perturbed by Additiwhite in [16].
Gaussian Noise (AWGN) with zero mean and

. 2
covariances .
w
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Table 1. Used parameters and their descriptions

The system (1) will be chaotic when the signs o&juynov
exponents are all positive or wh&n3.58. Thus in the rest o
this paper, we fixed =4.

To generate the first interleaver, the system fajts at an

f

initial state
1 N N-1 N N-1
Z-0o0 —@Q-,—)|09—@a+ N| .
0 } 2( N ){ 12( N )
We calculate the statez={zll,zé, ..... Z%\l} of the system.

These states form a set of real sequences betivaed N.
The transition to integer sequences is realizethayimizing

[z] to remove the decimal numbers and keep only tHe ma

integers. Finally, to obtain the interleaver matriwe

eliminate redundant elements from the founded @rteg

vector.
We construct the initial state to generate the m@co

interleaver by adding a footstep, to the Zé
(Zg =25+ X,).

The initial state to generategth interleaver is given by
Z3=Z;+(g-1)xx,. This operation is repeated until
obtaining desired interleavers.
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Algorithm 1 Generating NLM Interleavers

Symbols Description RequireN,i=0, n=0 g=1, M g :{ } 791
) ) ) ) A )
U Number of users Z‘g—l
B=ZA-")and y,.
G Number of groups N
Ensure
a9 Information bits of use in a group 9 g-1 N N-1 N -1
Z ol0.—@-+—)| O |—@+ )....N
. i 2 N 2
cu Spreading sequence
for g=11t0 G do
Length of spreading sequence g g-1 _
Ne Z°0 27 +(g-Dxx,
no Interleaver of group g ne 0 {ﬂg’ Zig ]}
i <
N Length of Interleaver While n < Ndo
Z_Q
g 9M1 -1
Xz Xy Footsteps Zi 0 4x Zi (1 N )
; 9 9
Ug Number of desired spreading codes if | Zi |D 1" then
g 9 g
Gmax Maximum number of users in a group I_I D {rl ’ Z| ]}
: : nt n+1
w(.,) Correlation function dse
Ug Number of users in a group | |:| | +1
end if
Ng Number of groups (according to the number of abiglg end while
orthogonal spreading codes and available numbef of end for
interleavers)

We generate the first spreading code by the sygtérfwith

vl is given by the solution of the

N=1). The initial state o

following equation:
1

Z
1q _vIy_>14n_ 0
Yo-v=250--9) (2)

By solving this equation, we find two fixed points:

v (1—\/<12— B oy = <1+\/(12— 45))

Zl
O).
N

Only one value oné will be chosen. To extractlh

Where B=Z;(1-

spreading codec! from the it real value of the sequence

Yiu , we use the threshold function:

cu = i

Where |th is the threshold. It ensures that the number of

ones and zeroes in the binary code is the same.
We construct the new initial state to generate hest

spreading code by adding a footste@ to the Yé. We
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repeat this technique untils, with U is the desired number  Algorithm 3 User grouping algorithm
of spreading codes.
The interleavers generated will be assigned rarylaml ~ Require U ., G, G
different groups and there are two scenarios tigashe

spreading codes to different users after dividinginto C 9= {} ogoe

, g=1 , U =0and
max g

groups. In fact, in the first scenario, we allochie spreading while g<G do

codes to the users, one by one, of each group. \Wiggaup repeat

has reached its maximum spreading code capacéynétit foru =1toU do
a Sss

spreading codes are allocated to the users ofdkiegnoup.
By this way, we allocate all generated codes tousers. In
the second scenario, we select only orthogonalasimg
codes among those generated and we apply our tmerigg cY9 {C Ya }
algorithm as detailed in Algorithm 3.

u
Generat€ 2 by Algorithm 2

Algorithm 2 Generating NLM Spreading Codes U _ O length (C9)
9
Require N =1, i=0, n=0, u=1 U __, for U =1liu do
ss b s
1 u u
Z0 . }0 1[ Yo Xy andly,. Generat€ P by Algorithm 2

Ensure Y," =

u u
1+x@-4p)) if w(C &,c @) 0andu,<c, then
2

u
i c9p0 JcY%c a
for u —1t0U$ do

Y OY +u-1)xy, U, 0 length c9)
While n< N_do

u u
eseif W(C &,C @) _ 0 andu >G_then
Yiu D 4XYiu (1_Y|u) ( ) g> max

g g+l
if v th
if v.o, -1, then CgD{Cg,Cub}
u
_C _ 0 +1 U _ O length (c9)
i0i+1 9
dse end if
end for
u end for
C 0 -1 until all the users are grouped
idi+1 end while
end if 6. Simulationsresults
Nt n+l 6.1.C ional lexi
end while 1. omputanc_m complexity | |
end for The complexity of generating spreading codes and
interleavers' matrix (at the transmitter and reeeside) is a
5. User grouping algorithm major concern. Especially, when the number of usehsgh

i [31]. In this section, this complexity is calculdtéor our
Here, we propose a straightforward strategy basedhe girateqy then compared to the complexity of theewoth

orthogonality of spreading codes. We assign to eaeh of a techniques. To estimate the complexity of genegatine
group a spreading code weakly correlated with #les spreading codes (resp. the interleavers) we needltolate
spreading codes assigned to other users. One of the number of cycles in term of the number of ugegsp.
advantages of this is that the number of desireéasiing groups). The simulation results for the computation
codes is not large (due to reusing codes). Thus gasier to complexity to generate the interleavers are showreble 2.

find weakly correlated codes for all users (whatettee As expected, table 2 shows that the computational

number of users). complexity increases with the number of usefor Shifting
Let G be the maximum number of users in a group @nd interleaver (Sl), whereas it is not the case foth@gonal
be the total number of groups. (Ol) and Nested Interleaver (Sl). The Sl focusestiom
The proposed user grouping algorithm is described gorrelation between the first interleavers and,seguently,
follows: need more cycles to generate the next interledwvemumber

of reindexing is O(wVU)). For orthogonal and Nested
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Interleaver, the complexity is linear to the numibérusers In the case of the Shifting Interleavers, the getirey process
(number of groups). For our method (described atiee 3), is based on the circular shifting master interleaV¥éis last
the complexity isO(1). In fact, it is independent from the interleaver is generated by a specific pseudo n¢idd)
number of users (number of groups). sequence generator and LFSR. The transmitter araives

need to exchange the primitive polynomial, theahitate of
Table 2. The number of cycles needed to generateuﬁe the LFSR and the master interleaver.

interleaver. Contrary to the previous designs, in our designesehange
U Orthogonal Shifting Nested NLM only a unique parametezg (the initial state of the NLM
1 1 1 1 1 function) between the transmitter and the receivene
interleavers matrix are generated using the algorit.
2 2 2xw 2 1 In table 3, we show an example of the number of bit
transmitted in the frame. This enables the receitcer
3 3 3xw 3 1 generate a corresponding interleaver matrix. Warassthat
) the length of an interleavé=64. The results are shown in
4 4 4 1 : .
term of the number of simultaneous uddrisicreases.
16 |16 16xw 16 1 - - -
Table 3. The number of bits required as a functiorddior
50 50 50xw 50 1 different interleaver designs wit=64.
120 | 120 120xw 120 1 u RI ol Sl NI NLMI
200x w
200 | 200 200 1 1 396 30 414 30 24
(w:int(g) is the greatest integer not larger thlal}ln J) 4 1548 30 414 30 24
Hence, our proposed method helps significantly ceduhe | 16 | 6156 30 414 30 24
computational complexity compared to the most us 20
schemes. 64 24588 414 30 24
Moreoyer, this comp.lexny decreases when the nurobthe o || e 414 - o
users in each group increases.
6.2. Required bandwidth resource 256 | 98316 414 — 24

Lack of bandwidth resource is one of the main issie 6-3 BER performanceresults

communication systems. This becomes worse especiaithe next goal of this section is to evaluate thalit of
when the number of users is |arge. In faCt, thesdill a need transmission using bit error rate (BER) ana|ysis of

to increase the number of users while the bandwidth conventional IDMA system, without grouping, for pased
limited. Another problem is that the transmittedaeceiver NLM interleaver along with Random Interleaver. For
must hold the same spreading code and the sanieaver  simplicity, we evaluate an IDMA system with BPSK
matrix. In most of existing algorithms, the tranteti needs modulation in AWGN channel. The block size of dbtss
to transmit the code and the interleaver matrisig®d for each user i§12 bits and the used spreading code for all
respectively to the user in a group and to a grayEh ysersisC=[1, -1, 1,. .. .,1] with the lengt5=32. The number
transmission requires a large bandwidth. of iterations is set to bE0 in each case.
We note that many works in the literature haveté®ahe Figure 4 shows the simulation results &+ 32, 64 and128.
consumption of bandwidth using spreading codes. Feine can observe that the NLM interleaver achievwmsas
simplicity, we will study only the case of the if&avers. To  BER performance compared to RI in case of similar
estimate the bandwidth consumption, we evaluate tR@mulation conditions wherU=32 and U=64, but much
initialization parameters (required to generateerievers' petter than that of random interleaver win128. We find
matrix), and the number of bits occupied by allresén the  that the results are meaningful when the numbarsefs is
different studied designs). large and at high SNR. Therefore, we can conclhde dur
The process of generating Nested Interleaver stayts ajgorithm is more efficient with higher number afeus.
initializing the state of the linear feedback shiéigister Now, we evaluate the quality of transmission arability of
(LFSR) with a primitive polynomial. A pseudo randomihe proposed user grouping algorithm using bit rerede
interleaver, generated by using the bits, represehe (BER) analysis at different SNR values. First, wsume that
coefficients of this primitive polynomial. It is oessary t0 the IDMA system use BPSK modulation in single path
store the "seed” of these interleavers in the reotihtions. AWGN channel. We evenly divide2s users intdNg=1, 2, 8,
According to the first interleaver, the ndgt-1)" interleaver 32 and 128 groups withU,=128, 16, 4 and U,=1 users in
can be obtained by the permutationrobn with g=12..G.  each group, respectively.g T ’
In order to have a similar Nested Interleaver ire thNote thatN,=1 corresponds to the Ci-CDMA system and
transmitter and the receiver, it is necessary thange the N =128 leads to an IDMA system. We make iterations for
primitive polynomial, the initial state of the LFS&hd the each block size 612 data bits. Figure 5 presents the results
first pseudo random interleaver. of the BER performances of the G-CDMA-IDMA systetn a
different SNR values.
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We observe that fdlg=1, 2, 8, 32 and128, the value of the
BER at high SNR is not the same even is the tataiber of
users is the same. This implies thigthas an important effect
on the BER performances. Hence, increasing the aumb
users per group would increase the number of sprgad
codes and decreases the number of interleavers

T
srn| —e— DA with random interleavers

Bit Error Rate (BER)

10
SNR(dE)
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T :
S ——OFDMA with 160AM 1]

| —B— SC-FDMA with 1BQAM |+
| —F—SCMAE layers ]
—&— G-CDMAIDMA,

SR (48)

Figure 6. BER Performance comparison between G-CDMA-
IDMA, SCMA, OFDMA, and SC-FDMA.

7. Conclusion

This paper presented a G-CDMA-IDMA concept to iase
the spectral efficiency of FRA toward the 2020sfféent
from the current techniques, G-CDMA-IDMA utilizebet

Figure 4. BER Performance comparison of NLM interleavershaotic interleaver domain and the user groupiggrihm.

and Random Interleaver in IDMA system without grioigp

E| —8— G-IDMA, G=1
—&— G-IDA, G=8

Fi| —— G-IDMa, G=32

| —#— G-lDMa, G=128

| —B = G-COMA-IDMA, G=1

— & — G-COMA-IDMA, G=8

—#— GCOMAIDMA, G=32 o
Y| =% = G.COMA-IDMA, G=128  [70

10 T T
0 1 2

BER

SNR(dE)

Figure5. BER performance of G-CDMA-IDMA and G-
IDMA with NLM interleaver forNg=1, 8, 32, 128.

For Grouped-IDMA described in [36]N;=8, 32 and 128
guarantee the performance of the system, bigdl, 2
deteriorate it. In fact, a lot number of orthogospteading
codes will be used when the number of users in gemlp is
large. However, it is not the case of G-CDMA-IDMypsgem
with our user grouping algorithm. This can be ititeiy
explained as the available orthogonal spreadingesahd
interleavers are higher if our algorithm is appliethus,
grouping the users with smaller groups is moreabigt

In general, the selection bf;should be decided according to

the number of available orthogonal spreading coaed
available number of interleavers.

Figure 6 illustrates the BER performance comparigb-
CDMA-IDMA with SCMA, OFDMA and SC-FDMA

techniques. We use 16-QAM modulation in single-tnplp]

multiple-output AWGN channel (SIMO 1x2). As illuated,

These features provide several advantages for G-&DM
IDMA: i) simplicity to generate a considerable nuniof the
parameters required to distinguish a large numbeasers; ii)
reduce bandwidth consumption (exchanged information
between the transmitter and the receiver is ondy itfitial
state rather than the spreading codes and intergawnatrix.
Future work will focus mainly on extending the wufeNLM
Interleaver in the communication systems. Also,plan to
include an improvement of our user grouping aldonitto
group users more efficiently.
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Abbreviations

Abbreviation

FRA

PAPR

PIC

NOMA

NI

NLM |

CLO

DPC

SCB

APP-DEC

Full Name

Future Radio Access

Peak to Average Power Ratio

Parallel Interference Cancellation

Non Orthogonal Multiple Access

Nested Interleaver

New Logistic Map Interleaver

Cross Layer Optimization

Dirty Paper Coding

Sparse Code Book

A Posteriori Probability DECoders
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