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The Analysis of System Performance of An
MC-CDMA System over Two-Tier Femtocell
Networks
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Abstract—The paper is analyzing the evaluation of system
performance for an MC-CDMA (multi-carrier coded-div ision
multiple-access) system operating over two-tier fetocell
environment. The considered scenario is deployed ‘it a
macrocell site where is surrounding some femtocellsvhich are
designed to serve a group of subscribers locate ia small
coverage area such as small office, home office ar house.
Mostly, the femtocell is applied to serve indoor swscribers, thus,
the Rayleigh fading is adopted to characterize theropagation
channel between transceiver. The technique of TH-CDMA
(time-hopped coded-division multiple-access) is sppsed to
transmit each symbol alternatively with fair time dot for each
user in the hotspots (the area around0™ femtocell). The
contribution of the paper is not only to evaluate lhe system
performance with both the BER (bit error rate) according to the
most important parameters, for example, the activahg user
number, the hopping number provided by TH-CDMA systen
and the subcarrier number.

Index Terms—Time-hopped CDMA (TH-CDMA); hotspot;
femtocell; macrocell; MC-CDMA; Rayleigh fading.

I. INTRODUCTION

Recently, the last mile transmission has been &tldoy the fact
that cell phones have become indispensable in pwojpife,
especially in indoor wireless transmission. In otdego through the
full path that the enough intensity of signal cariva at the mobile
unit of a subscriber located at indoor site, whgkmall coverage
such as a building, home office, small firm or ewena mobile
vehicle, the femtocell with two-tier networks areirtg to installed
for improving cellular capacity. The reason of $figant interest
works in licensed spectrum to link traditionally #® mobile
operation network without modifying mobile termigaln general,
the co-sited users (i.e., the mobile users locateder the same
coverage of a femtocell) is limited due to the cage is smaller has
in recent focused on the supplication of femtocadts it is defined
widely in the telecommunications industry as eaisittalled,
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low-cost, and low power cellular BS (base statidmat than other
kinds of base station (BS), in contrast the lesrfetence caused to
others subscribes, and can serve higher reusecfram.Moreover,
decentralized strategies for interference managemay be much
suitable for femtocells, because femtocells arenipaiosting in
traffic, installation fee, and without any operaitaftuence [1].
Specifically, it is known that there are two inritechnologies for
femtocells coverageij.e., relay and WiFi (IEEE802.16j). The
coverage of radius of femtocells are in the tenmefers which is
much smaller than that is of the macrocells radinge about in the
hundreds of meters. Except the advantages mentibefede, the
others are including prolong handset battery lifé abtain a higher
SINR (signal-to-interference-plus-noise ratio) [However, the
more are the desired signal components, the lessntbrference
plus noise components are in a wireless systenllysUa to this
moment, since the microcell has a much larger comication
radius than that of a femtocell, and the centrdlideployment of
microcell site is adopted generally, the methodmadiing balance
user were proposed in [3], in which the authorsveer by load
balancing metrics used to optimize the hierarchigiabless data
networks. The research published in [4], has aealyn operation
planned underlay of a macrocell with single/muttiphicrocells.
The focus of outage probability analysis accounfergshadowing
effects, cellular geometry, and cross-tier CCIl (caratel
interference) is presented in [5], in addition,rabust interference
avoidance scheme is also proposed to enable twoeteorks with
universal frequency reuse to obtain higher chamaplacity. By
proposing the related issues to improve coverageegylating
femtocell transmit posers is researched in [6] &ye authors of
previous second published paper. The maximum festitoc
contention densities at a distance between madr@&®l and
analytically to search the solution of coverage emomithin the
subscribers can arrive at the QoS (quality of sejviequirement are
proposed in [7]. It is known that the cell site rpls one of the
impact factors for the system performance of a uesder a two-tier
femtocell environment. In [8] the authors studiediéred networks
have definitely assumed that an operator planneateney of a
macrocell with single/multiple microcells. The istigation in CR
(cognitive radio) with the schemes of sensing-tgiquut tradeoffs
for computing optimal sensing time by CR users amit liransmit
power of CR users are presented in [9] and [10, rEEpectively.
The analysis of channel capacities in drac network with spatial
diversity is illustrated in [12]. Though the factwais been proof that
nearly 25 multiplies improvement in overall spatialse and has
been proposed in related researches in [12], intwihie assumption
is moving from a marcocell-only network to a twertunderlay with
50 femtocells per cell-site with the outage probigh{OP) criteria.
On the basis of inspecting the analysis resultsmfrthe
aforementioned published paper, in this paper tlystem
performance with the expression of BER (bit erroreyais
investigated by definitely considering some possilgaused
interferences due to a referenced user suffermmg the real world
transmitting environments of a two-tier femtoceltivigonment.
Seriously speaking, in order to obtain the mostmletaly analyzed
results of the system performance for the mobili operating in
such an deployed environment with Rayleigh fadibfgast three of
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the RF (radio frequency) interferences, for instan¢@)
Macrocell-to-femtocell interference, (B) Femtocelfemtocell
interference, (C) Femtocell-to-macrocell interfererarising from a
femtocell-based cellular are should be includedhim analysis of

system performance for an MC-CDMA
coded-division multiple-access) system. This redrganized as
follows. In Sect. Il, the channel environments of &wo-tier

femtocell network are analyzed first; then theistiagl analysis of
the MC-CDMA system is derived in Sect. lll, followgnthe
analytical results reported in Sect. IV, a brigficlision is drawn in
Sect. V.

Il.  ANALYSIS OF SYSTEM AND CHANNEL ENVIRONMENTS

Since the MC-CDMA system is popular in the relatearshes, the
system descriptions will be ignored in the lettéowever, it can be
obtained in the published paper worked by the mtesethor [13].
Under the condition which assumes that a two-temtbcell
structure is shown in Fig. 1. There ddemtocells and each is with
K users normally distributed in a single macrocete.sAn
MC-CDMA system is adopted as the transmission teglmiand
TH-CDMA (time-hopped CDMA) schemes is applied to doaté
the time-slot (multiplex) for all theM femtocells included in
macrocell. For the purpose of calculating the BER €hior rare)
performance for a referenced subscriber operatingni two-tier
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the macrocellM, . The femtocellF, , holds on the second time
slot, and femtoceIFMU_1 is within the third time slot, and so on..
Moreover, it is naturally known that the interfeces are comprised

(multi-carrier by three most mainly parts, which are including thterference

comes from the macrocell, the other is the interfee comes from
different femtocells, and the last part is causgdthle interfering of
the same coverage area. However, for the purposenpiicity in
analytically analyze. Itis only the interferencentioned below will

be adopted to include in this report: the interieezcomes from the
different femtocell_, ; the interference comes from the same

femtocell, I ; the interference induces from the macro-ckgll, ;

and the interference causes from CCI (co-chanrnekference),
I » Which is ignored with the condition that the diste between

fetmocell and macrocell site is assumed as largegmn

In order to compute the SINR for the signal at dldput of the
decision maker, some of the statistical values sscthe first and
second moments should be calculated first. Geperathall sized
femtocell is considered since it is installed iddor applications.
Hence, the variance at . is given as [12]

STATISTICAL ANALYSIS

femtocell system, the MRC (maximal ratio combiningledsity is oy = (Q: D}Pi)/\xi\” (4)
assumed to implement the receive the signal f@aferenced user whére
located on a femtocell. Thus, to determine the SINR A (do)
(signal-to-interference-plus-noise) at the outgduhe MRC for the Q. =P, [Rf (M) 5 (5)
referenced user is necessary, and it is given as ' A" (dog)
d
(SFEM )2 o

Yenm = 1)( T oo Qe

SINR ‘7|2 + O_lz W = ; a. (6)

AWGN FEM o _
The same second moment @f. and Q. is o5, and W; is a

where S, = E[s,,,] is the average value of the received signal for

the referenced user, and it can be obtained as

SFEM _\/;E{;(ﬂn,o) :|

where P . denotes the received power of a user within adesit,

)

log-normal distribution with varianceo?, .
ak, =[c/4ntd,,] and

The 2, and A. are
two empirical parameters deign

A =[c/antd,]” . respectively, whered,, and d, are
corresponding to the reference distance for indimss of femtocell

N is the number of subcarrieg,, indicates the channel fading and macrocell, and =3x106 nvs, 1‘c is the Doppler frequency. By

fraction of theOth received path at a femtocell site. The first tefim
the denomination in (1) expresses the AWGN compbméth a
double-sided power spectral density \gfi2, which is able to be

calculated as

o =g, ©)
| awen 4Tb o] n,o

whereT, is bit interval which is assumed smaller than @MA

period, that is,T, << T =GI[T,, whereG denotes the processing gain, ol =, -DP

andT, is the chip-time of the PN (pseudo-noise) sequdoce
CDMA system. The second term of the denomination(lp
designates as all of the interferences causedtfreraources around
the femtocell. All of the interferences can be eipd by the
diagram shown in Fig. 2 where there are 5 macreealrking in the
first tier, M,...,

macrocell, and the active user's numbers for eaabronell is

substituting (5) and (6) into (4), the variancelpf can be obtained
easily as

Ay (o) a
o, @]
[ RO @y | X

Next, consider there ang, activating users are working in the

O

be determined as
(8)

Finally, the variance ofi.. is able to be evaluated as
g = LR PX/Y)? (©)
i=n,

femtocell, the variance ofi., can

r,(m)

where W has been defined in (6), agl,, is the received power

M, in which M, is chosen as the referencedof a macrocell user.

The SINR, yow, expression of the MC-CDMA system can be

assumed a,, ,...U,, . On the other hand, the femtocells arecalculated by substituting all of the results frahve statically

overlapped within in the first tier and the refered femtocell is

considered asF, , , then the other femtocell belongs to the .=

macrocell of the first tier is indexed &, ,...F,, . Similarly,

evaluated above to the formula, and expressecasi(Ependix)

2
% 7 - — (10
3 205, (o +0205RE )@y (X [+ 0.00,,, - W + e
=Ny ‘Y“ /]F dDF 4Eb

Ue ,...U. are used to express the active subscribers numb%heres—g(ﬁ 2)
1 Mag - n,0 .

located on the second femtocell. The figure sagsttie subscriber,
U, » in macrocell occupies the first time slot is conmicating with
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n=0
Once the SINR has been obtained, keep on theiati@h of
system performance with the BER (bit error prohgdil
Consequently, with coherent technical demodulatittre BER
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conditioned on the instantanec8NR for an MC-CDMA system V. CONCLUSION

working in two-tier femtocell cellular network isvgn as [14] In the paper the evaluation of system performange dn

P(error |4,1=0,1-- L- 1F Q(\/SNR) (11) MC-CDMA (multi-carrier coded-division multiple-acss) system
é)perating over single-cell with two-tier femtocelvironments is
) ) ) ) derived and analyzed with the numerical resultee $benario is
signal, andQ()l is the well-known Macuamn@-function, which  555umed that there are several femtocells artjtrdistributed

where 3, 1=0,1;-- L-1, present the mean value of the desire

can be alternate expressed as [14] around a macrocell, and the Rayleigh fading enviremt is
_1:2 -t? considered. Under the consideration of TH-CDMA sobein
QM _7-[.[02 expl g7 1o 12) alternatively spreading the data to each user faithopportunity,

Once the desired signal and the total interfexeare determined, the results show that the system performance isitiy dominated
the average error probability for an MC-CDMA system by the parameter of the hopping number. In additibe number of
correlated-Nakagami fading channels can be accomplished bypubcarrier is still one of the important factorsafect the system
averagingP (error | 3, 1 = 0,1;-- L - 1) overL variates with the jpdf Performance of the MC-CDMA system operating in iruster

. transmission systems.
shown in (29), and denoted as

L
——

B,\v:j:j:j: P(error|Z,1=0, L;- ,L- 1) 13)
x fﬂui"iﬂ(vl) wo it ﬁ(\-‘l) mﬁodﬂl...dﬁL_l

The previous equation involving-fold integration can be
evaluated by the detailed means given in Referfifsie % Femto-cell BS @Tier 2 Femtocell user

A Macro-cell BS Tier 1 Macrocell user

Tier 1 Macrocell

IV. NUMERICAL RESULTS ANDDISCUSSION

The hop numbers of a TH-CDMA system generated toese
different femtocells surrounding around a macroaifinitely

dominates the performance of a two-tier femtocetimrks. This is
proved by the results from the Fig. 3, in which lleg number with

N., =1, and N, =2 are compared with the different values of the

radius of marcocelld, =500, 1000, 2000, 30C meters, the user
number is set ag, =2, and the subcarrier numberis=16. It is

easy to understand that the more of the hop nunthehetter of
the system performance. In other words, the mor¢hefhop
numbers provided to a femtocell user and the oupagbability
(OP) decreased. Certainly, the results show that gisstem
performance becomes deterioration when the radiugrawing
gradually. With the parameted, =500 meter, the comparison

=1, 2, and different

Fig. 1 The diagram of an two-tier femtocell apptica

results from different hop numbem,,

subcarrier numberN =8, 16, 32, 6, are shown in Fig. 4, where
illustrates that the system performance becomesrsupnce the
number of subcarrier is increased. Especiallg, warth noting that
the phenomenon is much significant during the la8&NR (E, /N, )

values. This point is accordance with the gendratacteristics of
multi-carrier systems. Assigning subcarrier numiber16 and
distance between macrocell and femtoegll= 2000 meter in Fig.

6 where shows the BER curves of an MC-CDMA systanma i
femtocell environmenty, =1, 2, 3and N,, =1, 2, 3 are adopted

as different user numbers and different hopping bens)
respectively. It is obviously to discover that wihe time-hopped
CDMA system provides with fewer hopping number to a
MC-CDMA system’s user who is activating under orfettee
referenced femtocell, the inferior system perforogeis going to be
obtained. This fact is supported again by the nmeadmt the
hopping number definitely dominates the systemauerénce of a
multi-subcarrier system operating within a two-titEsmtocell ® Tier 1 user (Macro-cel
networks. However, it exists one critical problemFig. 5 is that O Tier 2 user (Femto-cel
the curve ofu, =1 and N,, =1 is going to be superior to the curve — Direction of Interferenc

hop

hop

with conditions ofu, =3 and N,,, =2 after E /N, =15 about.  Fig. 2 The diagram shows different kind of inteeferes occur in a

two-tier femtocell

hop

This describes that the system performance becoegmdation
when the number of user increases within an ferfitdgbat is, the
multiple access interference (MAI) is getting largeadually.
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FiG. 5 THE PLOTS OFSNR( E, /N, ) VS BER UNDER THE ASSUMPTION
OF DIFFERENT SUBSCRIBER NUMBERS AND DIFFERENT HORIG NUMBER
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