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Abstract—In this paper, we propose a new concept called time causing a significant increase in signaling load ang dro
mobile Femtocell (MFemtocell) network, which can be considered connections to the network. So, it is worth minimizing the
as a practical implementation of mobile relays (more precisely, signaling load and drop calls within a fast moving vehicle.

moving networks). MFemtocells can be deployed in moving
vehicles, such as trains, buses, or private cars to provide enhaed Femtocells, also called home BSs or home evolved NodeB

user throughput, extended coverage, and reduction of the sigir  (Home eNodB) [10], are small, low-power data access points
ing overhead and drop calls. We investigate the spectral efficiency installed by home users to get better indoor coverage or im-
of cellular systems with MFemtocell deployment and two resource proved user throughput with reduced implementation cdst [1

partitioning schemes. Simulation results demonstrate that with Femtocells can connect to the operator's core network via

the deployment of MFemtocells, the spectral efficiency and . . . .
average user throughput can significantly be increased while the legacy broadband connection such as Digital Subscribeg Lin

signaling overhead is reduced. or optical fiber. Due to the short transmission range between
the Femtocell and its users, the transmission power of users
l. INTRODUCTION can be reduced resulting in longer battery life.

Cooperative multi-hop communications with relays can Motivated by the concepts of mobile relays (moving net-
greatly improve the spectral efficiency and network coveragvorks) and Femtocells, in this paper we propose a new concept
and has widely been considered as a major candidate tecaled MFemtocell. There are, however, many challenges for
nology in various standards, such as in Long Term Evoluatioesearching MFemtocells, e.g., the way resources aredhare
(LTE)-Advanced systems. In relay communications, intatime by macrocell and MFemtocell users, spectrum reuse strategy
ate nodes are used which relay the data to/from the baserstatinder a number of MFemtocel deployments, and spectral and
(BS) [1]. There are two different types of relays, namelyedix energy efficiencies.
and mobile relays [2]. Fixed relays are deployed at location A number of studies have been done on spectrum shar-
according to cell planning and radio optimization to imgroving in Femtocell [12]-[14] and multi-hop [7] in Orthog-
the user throughput or to expand the coverage at the amflal Frequency-Division Multiple Access (OFDMA) based
edge [3], [4]. Mobile relays [5] are moving wireless nodesellular systems. The Femtocell may share the same spec-
which fully support relaying functionalities in cellulagstems. trum with macrocell (i.e., non-orthogonal mode) or utilize
Two types of mobile relays can further be distinguished, i.ea dedicated spectrum (i.e., orthogonal mode) [12]. In an
mobile user relays and moving networks. Mobile user relagsthogonal spectrum-sharing network, the Femtocell uses a
are to use handsets within the close vicinity to relay thseparate spectrum band that is not used by macrocell BSs.
information to/from the BS. In moving networks, dedicatedhis mode can avoid interference to/from the macrocell, i.e
relays are mounted on moving vehicles, such as trains, busasa-cell interference. However, additional spectruisotgces
or private cars, to receive data from the BS and forward #oe required and hence the spectral efficiency will be retdluce
the users onboard, and vice versa. In previous works, relaythis paper we study the impact of two resource partitignin
communications mostly focused on scenarios with eithedfixachemes on the spectral efficiency in MFemtocell based LTE-
relays [6], [7] or mobile user relays [8], [9]. There has beeAdvanced cellular systems.
little research undertaken for moving networks. The rest of this paper is organized as follows: Section Il

Public vehicles, e.g., trains and buses, are moving hatspgives an overview of MFemtocells. Section IIl presents the
with many people potentially requesting diverse data ses/i system model. Section IV summarizes the simulation assump-
e.g. web browsing, video streaming, and gaming. Usersénsitibbns and presents simulation results with detailed aiglys
a moving vehicle may execute multiple handovers at the saffi@ally, Section V concludes the paper.



Il. MOBILE FEMTOCELL MFemtocells over backhaul links. A MFemtocell will then

Combining the concept of moving network and Femtoceiully decode, buffer, and re-transmit the data to its user
network, MFemtocell is a small cell which can move aroundPecode-and-Forward multi-hop strategy). We assume Hfeat t
and dynamically change its connection to the operator's cdrackhaul, access, and direct links all experience Non-line
network. MFemtocell can be seen as a practical impleme®f:-sight (NLoS) Rayleigh block fading channels, which are
tation of moving networks and can be deployed on publl‘@pt constant within a sub-frame and change independently
transport buses, trains, and private cars. It can adoptiaarel i_n the foIIowing sub-frame. We glso alssume.that t.he backhaul
standard (e.g., LTE) radio interface to communicate witn tHink has a gain ¢) over the direct link. This gain can be
serving BS and a group of users within its coverage. achieved by using a highly directional antenna pattern as
MFemtocell and its associated users are all viewed as aesin§ll @s pointing MFemtocell's antenna towards the eNodB.
unit to the BS. ractically, the multi-hop device cannot transmit and inece

The implementation of MFemtocell can potentially benefflata simultaneously on the same frequency. Therefore, a
cellular systems. First of all, MFemtocells can improve th@ivision scheme is required, either in the time or frequency
spectral efficiency of the entire network. MFemtocells cisoa domain, to prevent the self interference. In this papergtim
contribute to signaling overhead reduction in the netwark fdivision is assumed.
improving the system performance. For instance, MFemitocel o
can perform a handover on behalf of all its associated usefs, Résource Partitioning Schemes
This will reduce the handover attempts as the users movan an OFDMA-based cellular system, the whole spectrum
between cells in the network. Furthermore, due to a relativegs split into orthogonal sub-channels. These sub-chararels
shorter range communication with their serving MFemtoceBhared by different users by means of opportunistic regourc
the battery life of the associated users can be prolongedallocation. By bringing in the MFemtocell, the spectrum has
is also important to note that MFemtocells are located &sigh be allocated (or reused) among different links, i.e., the
vehicles with antennas located outside the vehicle. Thispsebackhaul, direct and access links. Therefore, it is esaenti
improves the signal quality inside the vehicle. The MFeralioc to design an efficient resource partitioning policy in the
implementation can be backward compatible with the legagyFemtocell-enhanced system to improve the performance of
handsets and the network. It may not require any changest@ whole system and limit the intra-cell interferencesoTw
the Radio Access Network (RAN). The MFetmocell traffigesource partitioning policies can be used and are exmlaine
over the air interface is treated as a single user equipmeat follows:

(UE) traffic. Therefore, a MFemtocell is actually a transeei 1) Orthogonai resource partitioning schemeln this
similar to a UE but with more advanced capabilities. Fajcheme, the radio resources allocated to the backhauttdire
example, a larger number of antennas can be utilized at #@4 access links are all orthogonal either in the time or
MFemtocell with significant diversity/multiplexing gaifn frequency domain and hence there is no intra-cell intenfeze
addition, the users handover from the serving macrocell f&m the the eNodB to MFemtocell users and vice versa.
the MFemtocell and vice versa since they see the latter agigerefore, the Signal-to-Noise Ratios (SNRs) for a dirsetry
regular BS or more precisely a Femtocell station. SNR,, and an access user, SNR can be calculated by
IIl. SYSTEM MODEL AND SPECTRUMANALYSIS SNRn(D) = % and SNR,I(A) = P%%’:F, respectively,

Let us consider a single cell with multiple MFemtocellgvhere h5\® and 1, are complex-valued channel gains over
and multiple users, as depicted in Fig. 1. We focus dhe direct link and access link, respectively, afgl is the
MFemtocell-assisted LTE downlink multiuser communicasio MFemtocell transmission powef3 and N, are the system
in this model. For convenience, the macrocell users, whi®@ndwidth and the noise spectral density, respectively,
communicate directly with the eNodB, and MFemtocells are 2) Non-orthogonal resource partitioning schemén this
indexed byn € N = {1,..,N} andj € J ={1,...,J}, scheme, the radio resources are reused by the direct anssacce
respectively. For any MFemtocell(j € 7), there is a set of links. However, the radio resources are still orthogonallg-
active usersn € M; = {1, ..., M}. Note that the total number cated between backhaul and direct and between backhaul and
of end users isV including the users within MFemotocells. Aaccess links. Non-orthogonal mode means that there wilhbe a
user within a MFemtocell will be indexed by its respective intra-cell interference to the access and direct users aitieet
if it communicates directly with the eNodB. The eNodB angimultaneous transmissions from the MFemtocell and eNodB
all MFemtocell transmit with fixed power per Resource BlocRn the same sub-channels. The advantage of this scheme is the
(RB). To support the opportunistic scheduling, the eNodBprovement in resource utilization compared to the orthog
gathers the channel state information (CSI) from all usads aonal scheme. In addition, this scheme gives the flexibility t
MFemtocells. Likewise, the users within a MFemtocell wilimplement Radio Resource Management (RRM) at the eNodB
feed back this information but to the MFemtocell only. Thé@nd the MFemtocell independently. The received Signal to
terms backhaul link, access link, and direct link are usdaterference-plus-Noise Ratio (SINR) for a direct usenated
to denote eNodB-MFemtocell, MFemtocell-user, and eNodBs SINR,, can be calculated by SINR, = Bl ™ where

I+BN,
user links, respectively. The eNodB will transmit data td is the intra-cell interference from the MFemtocells. Tlyise




of interference can be reduced significantly by constrgitlire where T' is the time window constany,,(k,t) is a binary
transmission power within the MFemtocell using a directivindicator that is set to 1 if the useris scheduled on resource
antenna. On the other hand, the received SINR for an accbixck & at timet and to O otherwise.

link user, SINR,, is given by: The communication over the eNodB-MFemtocell links takes
Polhi |2 pl_ace over a d_edicated time-frequency zone, as shown_ in

SINRy,,, = eNBQQ—m Fig. 2(a) and Fig. 2(b). Moreover, a set of MFemtocells is
|hENB[2 + BN? selected based on the same scheduling algorithm that has bee

B SNRyn ) [0, |2 0 used to serve macrocell users. Within the MFemtocell, it is

SINR,, ;, [heNB|2 + 1" assumed that the users[(;) are served according to round-
. . . rpbin policy. In case of the orthogonal scheme, it is assumed
So, the SINR,,,, in (1) can be characterized by SNR recelveﬁﬁat a fraction of the spectrurd , 0 < 3 <1 , is allocated

from a MFemtocell, i.e., SNR,, , and SNR received from e&gclusively for direct transmissions in the second poridn

the eNodB if the same user was served by eNodB mste?he time, as shown in Fig. 4(a). Whereas in the non-orthogonal

8., SNR, ). NO.W’ if we assume that the d{stances from thr%cheme, the eNodB and MFemtocells can utilize the whole
MFemtocell or its users are the same with respect to the ! -

SNR, . [hi | spectrum to serve their users, as shown in Fig. 4(b).
eNodB, we have SINR,, = wr—2—"—

R Ty— The SNR The achievable capacity (in bps/Hz/cell) on the direct link
—a |hREP+ . ;
is the SNR for a backhaul channel for MFemtocglvhich ©ON timet can be calculated by

can be calculatNgg, for both resource partitioning scheimes, N K
SNR;,, = il where|hNB|2 is the channel power gain 55 2 > Rulk,t) du(k,t)  orthogonal
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of the backhaul link for MFeémtocelj. The interference that Cy(t) =
originates from the eNodB can be compromised with good
propagation quality between the MFemtocell and its usees du

to shorter range transmissions. (4)
The achievable capacity on the access link can be given by

&=
] =
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R, (k,t) dn(k,t) non orthogonal
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B. MFemtocell Spectrum Reuse

. K
Another form of spectrum reuse scheme can be applied to (1-8)
MFemtocell scenarios to further improve the spectrumaatili 5B XA; ’; Ry (k,t) dm(k,t)  orthogonal
tion. Hence, multiple MFemtocells can use a common set 6% () = meM =
sub-channels simultaneously to serve their users. However 1 Z ZR (k,t) dm(k,t) non orthogonal
. . . 2B m\'v, m\/v,
this can work only if multiple MFemtocells are located large meM, k=1
distances apart or the coverage of each MFemtocell is kimite ' (5)
to a small area by using a directive antenna. where R, (t, k) o< SNR,, , (t, k) is the instantaneous achiev-

able rate for an access user However, the rates on access

link between MFemtocells and their users are truncated by

Multiuser scheduling is assumed here where the macrocgll achievable capacity of the backhaul link for MFemtocell
users and MFemtocells are served ou€r RBs, indexed

by k=1,..K, based on the well-known MAX-SINR and”’ "% 4 | X

Proportional Fair (PF) scheduling policies. With the MAX- Ci(t) = @ZRj(k,t) d;(k,t). (6)
SINR scheduler, the eNodB will assign a RBto a user k=1

n having the highest instantaneous SINR at a sub-frameyhere R (¢, k) is the instantaneous achievable rate over the
Thus, arg max. \ Ru(t, k), k= 1,...K, where R,(t,k) packhaul link for an MFemtocelj. As a result, the total

o SNR,,, (£, k) (or SINR, (¢, k) in non-orthogonal mode) gysiem capacity (in bps/Hz/cell) after allocating all RBstie

is the instantaneous achievable rate onRfbr a usern and  gglected users, including MFemtocell users, can be cadelila
is calculated according to the following Shannon formuia. 'according to:

the PF scheduling case, the scheduler allocates thé RBa
userne A according to the following criterion:

R, (t,k)

Ra(t) whered is the time required to decode, buffer, and re-encode
whereR, (t) is the average delivered rate in the past, measurtied incoming data from the backhaul links. The first term
over a fixed window of observation. It can be calculated using (7) stands for the achievable capacity of data flow from
an average filtering [15], which will be updated using theNodB to users via MFemtocell and the second term represents
following formula: the capacity for direct users. It is worth mentioning thag th

K throughput on the backhaul links is not accounted for system
Z R, (k,t) d,(k,t) (3) Capacity because the data are not delivered to the usert, but
1 still bounds the throughput on the access links. However, to

C. Spectral Efficiency Analysis

J
Cuys(t) =D _min[C{(t — d),C{(1)] + Cat)  (7)

Ny = arg max,c k=1,...K (2)

Ru(t) = (1— %)Rn(t— 1)+

Nl



get an efficient resource usage over the multi-hop, the rates V. CONCLUSIONS

over the backhaul and access should be equald= C>. | this paper, we have introduced the architecture of MFem-

tocell which can be a potential candidate technology for
IV. SIMULATION RESULTS AND DISCUSSIONS LTE-Advanced systems. We have studied the performance
of two resource partitioning schemes which can be used for

Th rforman f the MFem Il'in the LTE m w. o
e performance of the MFemtocell in the syste &li\ZFemtocell deployed scenarios in LTE-Advanced systems

evaluated using a dynamic system level simulator which : tunisti heduli o term-level
compliant with 3GPP LTE specification [16]. The simulation! Presence of opportunistic: scheduling. Lur: system-eve
|6nulat|ons have shown that the performance of a cellular

consists of several iterations and each of them has 20060 st . . .
stem with MFemtocell implementation outperforms thad of

frames. In each iteration, the MFemtocells and mobile usets . . .
were distributed independently. A frequency-selectivarctel system without MFemtocell, especially at the middle andeedg

model wih 6 taps and a ceriain pover deley prore (PDL °EL, The resusnave a0 demonstated et e ron.
were considered. The number of MFemtocell and macroc ﬁ 9 P P

users were assumed to be 10 and 40, respectively. Ins\ﬁ%h the orthogonal scheme.
each MFemtocell, it was assumed that there were two active ACKNOWLEDGMENTS
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Fig. 3. Spectral efficiency of system-level MFemtocells with multi-
user scheduling and resource partitioning schemes.
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Fig. 5. Cell throughput performance as a function of SNR



