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Access Control Mechanisms for Femtocells
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Abstract—Femtocells are a solution that helps to reduce the In an orthogonal deployment of macrocells and femtocells,
capital and operational expenditure of a mobile network whle where separate carriers are assigned to each tier, cepss-ti
enhancing system coverage and capacity. However, the avaiice ;niarference is entirely removed. However, this happeribet

of interference is still an issue that needs to be addressed fd ing th tral effici f th twork
to successfully deploy a femtocell tier over existing maciell expense or decreasing the spectral efliciency of the networ

networks. Moreover, interference is strongly dependent orthe Contrarily, co-channe_'l deployments, \_Nhe_re the carriees ar
type of access control of the femtocell, which decides if a\gin shared between both tiers, can result in higher spectral effi

user can or not connect to the femtocell. In this article, the ciency throughout the use of self-organization technigires
existing access methods for femtocells together with thelenefits  1his case and to fight interference, an intelligent allaatf

and drawbacks are explained. A description of the business atel .
and technical impact of access methods in femto/macro netws the power, frequency and time resources of the FAP must

is also provided. Finally, the need for hybrid access methadand Pe performed based on an accurate sensing of the radio
several models are presented. environment, as well as an optimal tuning of its parameters.
This way, cross-tier interference can be efficiently mitgh

Moreover, the selection of an access control mechanism
to femtocells has dramatic effects on the performance of the
. INTRODUCTION overall network, mainly due to its role on the definition of

To remain competitive in the wireless communication map}terference. D|ff€frent approaches have been p_roppsed:_
ket, vendors and operators need to take the reduction of Closedaccess: only a subset of the users, which is defined

both network cost and complexity as a priority in future by the femtocell owner, can connect to the femtocell. This

deployments of cellular systems. Moreover, the growth ef th model is referred to as CSG (Closed Subscriber Group)
indoor traffic forces network operators to compete withexis ~ 2Y the 3GPP (3rd Generation Partnership Project) [4].
ing indoor coverage solutions, e.g. WiFi (Wireless Figalit * OPenAccess: all customers of the operator have the right
DAS (Distributed Antenna System) to maintain their revenue ~ t© Make use of any femtocell.

Since 2/3 of voice and 90% of data traffic occurs indoors [1], * HYPrid Access: a limited amount of the femtocell re-
and because macrocells are not very efficient when deliyerin ~ SOUTces are available to all users, while the rest are
indoor coverage due to high penetration losses, providich s operated in a CSG manner.
coverage has become a challenge for the operators. Thayis wh"Vhen the access method blocks the use of the femtocell
the use of FAPs (Femtocell Access Points) seems a promisfR§ources to a subset of the users within its coverage area, a

approach for coping with this coverage problem. An FAP is REW set of interfering signals is implicitly defined in suckea
low-cost low-power cellular base station deployed by the-enHence, the deployment of CSG femtocells makes the problem

customer. It is expected that femtocells will enhance imdo8f interference mitigation even more complex. Contratife

coverage, but they will also deliver high bandwidths, offef€Ployment of open FAPs would solve this issue, but bringing
new services, and off-load traffic from existing network [2 SECUrty and sharing concerns to the customer. Furthermore

Nevertheless, these benefits are not easy to accompli4hEN USErs move across areas with large numbers of open
There are still several challenges that vendors and operafg°P'S: the number of handovers and thus the signaling in
must face in order to deploy a large number of FAPs on top e network increases. Finally, hybrid access techniqaes c
the existing macrocells. Electromagnetic interferenceaia P& S€en as a trade-off between open and closed approaches.
among the major problems in two-tier networks, being abldowever, the_z number (_)f shar(_ed resources must b_e carefully
of hindering the above mentioned benefits and degrading fig€d to avoid a large impact in the quality of service of the

whole network performance [3]. femtocell customlers. han I . | o
In two-tier networks, interference is classified as follows ACCess control mechanisms play an important role to miti-
c tier interf . db | ¢ of t ate cross-tier interference and handover attempts, ghvathy
o fosstier interierence IS caused by an element ey have to be carefully chosen depending on the customer
femtocell tier to the macrocell tier and vice versa.

Cotier interf b | fth Iﬁ'rﬁofile and the scenario under consideration. The goal of
- Co-tier interference occurs between elements of the safigs o ticle s to provide an overview of the existing access
tier, for example, between neighboring femtocells.

_ . . methods [5] to femtocells, i.e. open, closed and hybrid, as
The impact of interference depends on the techniques used@l as to describe in detail the benefits and drawbacks of
allocating the spectral resources to the macrocell anddfegfit each of them. Furthermore, the business case, scenarios and
tiers, as well as on the method used to access the femtocgghnical challenges of different access mechanisms aithg

_ _ some potential solutions are presented in here. In addition
The authors are all with the Centre for Wireless Network De- .
sign (CWIND), University of Bedfordshire, Luton, UK., eait gui- system-level performance analyses of these methods irsterm

laume.delaroche@beds.ac.uk. of network outages, throughput and handover are provided.

Index Terms—femtocell, access method, open, closed, hybrid.
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(a) Closed Subscribers Group (CSG). (b) Open Access. (c) Hybrid Access.

Fig. 1. Access Methods.

[l. ACCESS METHODS number of femtocells within the existing networks. Inter-

In order to describe the access control procedures to feflénce cancellation and avoidance techniques for feritoce
tocells in a two-tier network, users need to be classifidtftworks are hence currently an important research topic.

according to their femtocell connectivity rights. In thisntext: ~ In order to guarantee femtocell connectivity and mitigate
« A subscriber of a femtocell is a user registered in itmterference, the power radiated by the FAP must be tuned to

Subscribers are thus the rightful users of the femtocefnsure a sufficient coverage to the femtocell subscribeids an

and they are usually mobile terminals that belong to tH@mimize the leakage of power outside of the premises. This
femtocell owner, their family or friends can be done self-optimizing the femtocell radiated powearin

o A non-subscriber is a user not registered in the femtocelI‘."‘ppro"’1Ch similar to [6], where each femtocell sets its pdwer

In the followina. th ol d o fernt ?value that on average is equal to the received signal streng
h the foflowing, the access control procedures 1o 1emiscet e closest macrocell at a target femtocell radius.
are described in terms of this classification.

Another solution to mitigate the interference problem is
the use of sector antennas in the FAPs, which has been

A. Closed access proposed in [7] to minimize the overlapping of coverage area
In closed access, only the femtocell subscribers are atlowleurthermore, the use of several radiating elements to parfo
to connect to the femtocells. beamforming and adapting the coverage area of the femtocell

1) Technical challenges and solutions: In scenarios with to the shape of the household has also been suggested in [8].
CSG FAPs, non-subscribers are not allowed to connect to théVloreover, OFDMA (Orthogonal Frequency Division Mul-
network through a femtocell, even if its signal is strongediple Access) femtocells have the advantage of allowing the
than the one of the closest macrocell. Therefore a stroatjpcation of orthogonal frequency/time resources to therst
component of cross-tier interference exists between hetb,t Thus, interference avoidance can not only be handled tfroug
e.g., femtocells could jam the downlink communication gbower or antenna management, but also through sub-channel
passing non-subscribers connected to a far macrocell, @l time slot allocation. Nevertheless, the success ofethes
non-subscribers located close to a femtocell could jam tirgerference mitigation techniques relies on the abilify o
femtocell uplink. One of the most challenging cases of crosemtocells to monitor the environment and optimally assign
tier interference in CSG FAPs, both in the downlink and thiaeir resources based on the obtained information [9].
uplink, occurs when a non-subscriber enters a house hostin@) Scenarios: The first closed access femtocell deploy-
a CSG femtocell. In this case, the power of the interferencgents occurred in homes where coverage from macrocells
is much larger than the one of the carrier signal. To avoidas poor, but broadband connectivity sufficiently deployed
this worst case scenario, the femtocell owner should aizthorFor example, in the middle of North America, Sprint has
guest non-subscribers in a fast manner so that they gaisscaeployed femtocells since the end of 2008. Neverthelegs, th
to the femtocell. However, the list of authorized users iolution is only aimed at the home market, where in this
controlled by the operator, it resides in the core networtt arcase, interference is not an important issue due to the low
it has to be manually updated by the femtocell owner. population density and the large distances to the macsocell

Co-tier interference also comes up between neighboriktpwever, recent deployments have also been proposed in
femtocells in dense deployments. In many cases, users ilirope, where femtocells are aimed at homes in cities and
install their femtocells in random positions within theorhes, where interference could be a challenge. This is the case
e.g. close to a room of a neighbor or close to a windofor example of the United Kingdom, where home femtocells
This case, subscribers will be sometimes severely jammeddigrted to be commercialized by Vodafone in July 2009. As
neighboring femtocells, thus being unable to connect. shown in Figure 2, femtocells will in the future also be

Therefore, solutions are required to reduce both cross-tevailable to enterprises and it is thus expected that closed
and co-tier interference, allowing the deployment of a dargaccess femtocells could be deployed in SMEs/offices, where a
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to minimize the negative impact of femtocells onto othetscel
On the other hand, when deployments are done by an operator,
interference can be mitigated throughout network planaimdj

120

100- . {1 optimization. The location, power and frequencies assidone
[_Jtarge Enterprise each femtocell can in this case be planned in advance.

Nevertheless, open access has some drawbacks as well.
It reduces the performance of the femtocell owner due to
the sharing of the femtocell resources with non-subscsiber
6ol ] Moreover, open access increases substantially the amdunt o
handovers between cells due to the movement of outdoor.users
A user moving in a residential area will handover from one
femtocell to another or to the umbrella macrocell (Table II)
This will have a negative impact in the operator because the

Units (Millions)

20 1 signaling in the network increases and also the probatufity
the call being dropped due to failure in the handover process
B m_ Hﬂ ﬂ Furthermore, the chances for handover failure increase if

°T 200 2009 2010 2011 2012 the femtocell neighboring list is not properly configuredlan

Years

updated. Regardless of this, different solutions have been
proposed in which a centric sensing of the radio channel is
Fig. 2. Forecast: number of units (data extracted frBh Research [1]) used as a mean to obtain parameters about the surrounding
environment and to update the femtocell neighboring li6{.[1
Moreover, current base stations store only a few neighigorin

limited number of users would be authorized to access thefflationships in such list. For example, the neighborirsg li

3) Business model issues: According to recent surveys [1], UMTS macrocells has been limited up to 32 positions to
closed access is the preferred access method of the custoriBf€d Up the user measurements and cell updating procedures
for home femtocells. The main reason is that most of tHaewever, this number will be insufficient in large open asces
customers would only accept having a femtocell at home ffmtocell deployments, where the relationships between fe
they had full control over the list of authorized users. tocells (more likely to be turned on and off) must be handled

Moreover, femtocells must allow all types of users to pef? @ different way than between macrocells and femtocells.
form emergency calls by law. This implies that some resaurce !N @ddition, if femtocells are massively deployed and given
have to be released by each FAP in order to ensure that nBit the number of cell identities is limited, e.g. UMTS
subscribers are also able to perform emergency calls, ~ SUPPOrts 512 cell IDs, there would not be enough cell IDs

Concerning the pricing of femtocell solutions, differept a to allocate to all femtocells within the coverage area of a
proaches have been proposed. The first option is that Opsrafaacrqcell. Therefore, the reuse of cell IDs within th_e_cager
provide the FAP for free or they sell it at a fixed price, in ardePf @ Single macrocell would be necessary, and collision@nd/
to improve only their radio coverage. But to increase thefPnfusion between some of them would be unavoidable.
revenue and compete with the landline market, it is expected€nce, before open FAPs are widely deployed, research is
that operators will also try to offer special rates (or fredls) equired in order to support new algorithms to handle more
to femtocell subscribers. Moreover, to attract new custsme€ighbors and their different nature in a fast manner. New
manufacturers and operators are currently putting a loffofte approaches are also needed to dynamically select the cell ID

in developing new ‘killer' applications for femtocells. of the femtocells, while minimizing confusion and colligio
2) Scenarios. As explained before, the commercialization

of open access femtocells is not currently preferred by home

B. Open Access customers. However, as shown in Figure 3, open access

In open access, all users (subscribers and non-subsgribezduces the negative impact of femtocells on the macrocells
are allowed to connect. There is thus no distinction betwe&hat is why in the future, when most of the technical chal-
these two groups, and they are just referred here as userslenges are solved, operators may try to promote open access

1) Technical challenges and solutions: The use of open femtocells for the home market. Another major market for
FAPs at home would reduce the interference problems caus$eahtocells resides in the industry, SMEs or larger comganie
by CSG FAPs. Indeed, all passing users would be authoriZedhis scenario, femtocells are deployed by either the aper
to connect to any femtocell, reducing thus the negative ohpar self-installed by the end-customer taking advantagéef t
of the femtocell tier on the macrocell network. In this casdéow price of FAPs compared to other solutions like picogells
the users are always connected to the strongest serveer(eithdoor repeaters or distributed indoor systems. Furthezmo
macro or femto), avoiding cross-tier interference. As alltes if femtocells are self-configurable, such a deployments are
the overall throughput of the network increases (see Figure interesting for the operator since maintenance is minichize

Furthermore, open access FAPs allow different types afsimilar manner, femtocells can, following careful plami
deployments. Inside homes, this type of FAP will be deploydze deployed in public areas such as airports, parks and train
in random locations, being self-organization a good sofuti stations in order to improve coverage and user experience.
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TABLE |
CLOSED VSOPENACCESS

Closed access Femtocells

Open Access Femtocells

Higher interference
Lower network throughput
Serves only indoor users

More handovers
Higher network throughput
Increased outdoor capacit

30.0

25.0

T T T T
= Closed Access (data)

= = = Closed Access (distribution)
= Open Access (data)

= = = Open Access (distribution)

Home market
Easier billing

SMEs, hotspots
Security needs

20.0

15.0

.
o'l

1
10.0

Percentage of snapshots

3) Business model issues: In first instance, commercial-
ization of open access femtocells is mainly targeted at th '
enterprise market. In this business model, emergency aadls s0p ’
not an issue because all the passing users are allowed to me I
use of the FAPs. '414

Depending on the scenario, it is not always clear who shoul
cover the costs of the femtocells and their maintenance. In
many situations, the FAP owner, knowing that its neighborsy. 3. Total downlink network throughput in a residenti20Q x 100 m) area
will use its own femtocell, will not be keen on paying thecovered by 22 OFDMA femtocells and 1 macrocelD (M H =z bandwidth).

. . _ ach house hosting a femtocell contains 2 indoor users d#ingn28 kbps
Same price as if the femtocell was closed. Moreover, it iseto lEach. Furthermore, 10 macro users were located outdoorarding64 kbps
noticed that open femtocells reduce the load of the madroc&lch. The system-level simulation is based on Montecadpssiots.

network, and are thus advantageous for the operators, who ca
either support new customers or save money in the macrocell
maintenance, e.g power. Therefore, it is expected thaethdis dynamic simulator such as channel modeling, inteniege
femtocells will be partially or fully paid and maintained bymodeling, throughput calculation, etc. can be found in this
network operator. work [9].

Finally, let us note again that open FAPs are unlikely to
be deployed in homes, due to the preferences shown by the
customers, who are more attracted by CSG access model.

In Table | the main features of both CSG and open accedence a third type of access method, midway between CSG
are summarized. To analyze the overall performance of thesel open access, is currently being researched (Figurk 1(c)
access methods, experimental system-level simulatiome ha
been performed. The test environment is a residential area

IlIl. HYBRID APPROACHES
were a large deployment of femtocells and a macrocell h‘?‘V_E"Access control mechanisms have a direct effect on interfer-

been considered. The simulation is based on a determlm%q%:c& and their features must hence be carefully analyzed. A

radio coverage prediction tool calibrated V.Vith measuretmeré en in the previous section, all access methods suffer from
[11], and a Montecarlo snapshot based WIMAX system-lengvamages and drawbacks. In order to overcome those draw-

simul_ator. Fu_rther details abput this tool and the parareet_ acks, intermediate approaches are currently under sgruti
of th'§ expenm_ental evaluation can be found in [12]. This Hybrid access methods reach a compromise between the im-
experiment verifies that the overall network thr_oughputprﬁrm pact on the performance of subscribers and the level of acces
access outperforms that of closed access (Figure 3). that is granted to non-subscribers. Therefore, the sharing

In Table_ ll, the performance of CSG and OPEN aCCesS dimtocell resources between subscribers and non-subssrib
compared in terms of user outages and handover signaling gbds to be finely tuned. Otherwise, subscribers mightlieg! t

:h|s callsei atrfiynarr]yc system-:cet\;]el S|Tulat|on 1S use;jhmror jey are paying for a service that is to be exploited by others
o evaluate the performance of these two access methods WHJ e impact to subscribers must thus be minimized in terms of

considering th_e mobility features (_)f the outdoor customers erformance or via economic advantages, e.g. reduced costs
the one hand' it can be seen that.m (.:SG femtocells th_e NUMRPthis section, particular cases of hybrid access methods f
of ouFages is large due tq cross-tier interference. In tmse_cg several technologies are depicted.

user is considered to be in outage (dropped call) when ittis no
able to transmit for a given period of time. This period oféim o .
has been set 200 ms as it is recommended for VoIP services” CDMA (Code Division Multiple Access)

On the other hand, in open access there are several handov@&he performance of adaptive access to HSDPA (High Speed
attempts, which cause outages due to handover failure. Thiswnlink Packet Access) femtocells was analyzed in [13].
case, a handover attempt happens every time the receiféis method consists on allowing a limited number of non-
signal strength of the pilot signal of a neighboring cellisgler subscribers to access the femtocell, being this numbertediap
than that of the serving cell. Note that according to [6]réhe depending on factors such as the traffic load in a given logati

is a 2% probability that a handover results in a dropped calhd time.

(outage). Even though, in this case, the number of outages iFhis work showed that allowing non-subscribers into the
notably lower than in closed access. Further informaticouab femtocell reduces the amount of non-subscribers in outage.

4.6 5.2 5.4 5.6 5.8 6

48 5
Total Cell Throughput [Mbps]

C. Comparison and need for hybrid approaches
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TABLE I
PERFORMANCECOMPARISON(1 HOUR SIMULATION)

| Number of femtocells I 25 I 36 I 49 I 64 |
| Access method || Closed | Open [ Closed | Open ]| Closed [ Open ][ Closed [ Open |

HO attempts
in the network - 342 - 480 - 680 - 887
over 1 hour
Average Hand IN
attempts per femtocell - 6.84 - 6.67 - 6.94 - 6.92
over 1 hour
Average Hand IN
attempts per macrocell - 171 - 240 - 340 - 444
over 1 hour
Outages
in the network 69 0 81 8 120 15 164 22
over 1 hour
Average non-subscribers tier
throughput [Mbps] 5.339 5.604 5.409 5.740 5.340 5.604 5.002 5.720
over 1 hour
Average subscribers tier
throughput [Mbps] 51.228 52.081 69.545 71.342 51.228 52.081 124.230 | 130.445
over 1 hour

Handover, outage and throughput analysis in a residenta €800 x 300 m) covered by several femtocells and 1 madrasehg 10 M H z bandwidth.
Each house hosting a femtocell contains 4 indoor users déingaone OFDMA subchannel each.
Furthermore, 8 macro users were located outdoors and démgaode OFDMA subchannel each.
The system-level simulation is dynamic and the outdoorsusesve throughout the scenario according to a pedestriarelmod
Note that a hand IN towards a given cellis performed when a communication is handed over from otB&rX to cell A.

However, it was also shown that several non-subscribers mtie lack of coverage or due to interference could still use a
be allowed into the femtocell in order to have less outadeaction of the femtocell resources.

than if there were no femtocells. Furthermore, the admissio 1o hybrid access method in OFDMA femtocell networks
of only a few non-subscribers into the femtocell halves thg . sists on managing the sharing of the OFDMA resources
throughput achieveq by subscribers, which decreasesefurtlatrequency and time) between subscribers and non-sulessrib
as more non-subscribers are allowed access to the fenstocqlherefore and first of all, these resources have to be defined.
The reduction in the performance of subscribers stems frqm orppma systems subchannels contain a series of subcar-
the intrinsic nature of the technology beneath. In CDMA Sy$jers which can be adjacent or pseudo randomly distributed
tems, transmissions from other users are seen as interéere} qss the spectrum in order to exploit either multi-user or
by the users that are already in the network. This case, when, ency diversity. A non-subscriber allowed access to a
a non-subscriber is granted access to the femtocell, " NnqQij ey subchannel can use it, for instance, during the whole
rise deteriorates the instantaneous throughput of sWlessti y,nsmission frame. However, if the network operator owns
Moreover, this scheme treats allowed non-subscribers afidy a small bandwidth for its femtocells, one subchannel
subscribers equally, i.e. no data rate restrictions ar®$e@. iqht seem as a large resource to be shared. In such sitsiation
Therefore, the incorporation of non-subscribers degralles ; js thys necessary to increase the granularity of the resou
performance of connected subscribers in an uncontrolled wgyjocation, subdividing subchannels over the time domain
In [14], it was further shown that the traffic distribution(OFDM symbols). In general, it can be said that the smaller

also affects the performance of hybrid methods. For in®ang,e resource, the better the approximation to the solicited
hybrid approaches that allow access to many non'SUbSS”bﬂroughput of a non-subscriber.

can improve significantly the uplink packet success rate, . o
although not so much in the downlink case. This work showed SiNce the amountV,. of resources to share is limited,

that the uplink performance is in general more sensitiva thdifferent sharing strategies can be considered to define the
the downlink to the type of access method. hybrid access algorithm. First, it is necessary to dimenmsio

the scheduling method for non-subscribers, which is not nec
o . essarily the same one used for subscribers. A simple apgproac
B. OFDMA (Orthogonal Frequency Division Multiple Access)  ¢oyid be to serve incoming non-subscribers following a FIFO
In contrast to CDMA-based femtocells, OFDMA system§First In First Out) policy until all N, resources have been
offer two degrees of freedom for the purpose of resource allassigned, rejecting further non-subscribers. On the dtaed,
cation (frequency and time), hence providing higher fldiibi a round-robin procedure would be a more appropriate salutio
in the management of the resources that non-subscribers franfemtocell deployments in public spaces (e.g. supermar-
use. Furthermore, since OFDMA resources (time slots akdts), because it guarantees that all non-subscribersbeill
frequency subcarriers) are orthogonal, interference dsm aserved sooner or later. Furthermore, preferential usersea
be better controlled in the neighborhood of the femtocdlisT configured as subscribers (e.g. members of staff), if it woul
way, users unable of connecting to the macrocell becausebef necessary, ensuring thus that they have preferentiesacc
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Other solution, more suitable for residential femtocells 3 ; — 16
: —Users in outage
would be to use an approach that grants resources first B Non-—subscriber
those users that request real-time traffic or lower datasrat 2.5t \ [ ISubscriber 14
This way, the impact to the femtocell subscribers is kept lov _ K ] -
Another strategy that can be used is to have adjusted §- 2r 112
online or even varying between geographical locations. =3
- - o 315 1108
o If N, remainsstatic, the access mechanism is easie = =
. (o))
to implement but the femtocell can suffer from lowel 3
spectral efficiency because it will not be able to copE 1 18
with the changing behavior of the traffic. This approac
is simple and suitable for scenarios with constant traff  0.5r I 16
demands (e.g. sensors, indoor location devices, ...).
o If N, variesdynamically, the spectral efficiency is en- |} ] . 4

hanced. For example, more resources could be sha CSG 1 2 3
(V,- high) at noon in residential scenarios when femtoce.. r
subscribers are not in the premises and the streets 5564 Average throughput per user in a small residentiahato where30%

crowded. This way, the impact to femtocell subscribeis the houses contains an OFDMA femtocell with 3 subscriltleas request

is minimized when they are at home and the service # intense data service. There are also 5 outdoor non-srscrequesting
non-subscribers is improved on the peak—hours a throughput betweef0 and 450 kbps for video service. The system-level

simulation is based on Montecarlo snapshots.
Finally and regarding the coexistence of different types of

users, the access of non-subscribers to the femtocell can be
IV. CONCLUSION

« Shared with subscribers, if all resources can be used In this article different mechanisms of access to femtscell
by subscribers, butV, are liberated and transferrechave been introduced. Both closed and open access models
to non-subscribers when they arrive. This approach dsiffer disadvantages, the main ones being a lower network
flexible because it maximizes the throughput of femtocederformance due to cross-tier interference for closed ss;ce
subscribers when no non-subscribers are present.  and a lower customer for open access, as well as a large

o Restricted to non-subscribers, beind,. resources per- number of handovers. Hence, hybrid strategies have been
manently booked in the femtocell for the use of nondescribed, and models for CDMA and OFDMA have been
subscribers, regardless of whether they are active @stailed.
not. This approach guarantees that subscribers do nounlike open and closed, where the access mode is clearly
perceive variations in their QoS due to incoming nordefined, hybrid access offers a full range of algorithms that
subscriber connections. However, the spectral efficienggn be defined in order to control who accesses the femtocell
will be reduced because the reserved resources mighid how the connection is configured. Such an approach
remain unused most of the time. Nonetheless, emergegings thus together, the best of both worlds (closed and
services might require the permanent availability of apen access). Therefore, research is still needed to findchyb
small number of resources and thus a restricted approagbeess approaches well adapted to the different deployment

. N scenarios.
To illustrate the effect of limiting the amou,. of shared

OFDMA resources, Figure 4 shows some simulated average
throughput predictions. This simulation is based on a Monte
carlo snapshot based system-level simulation. Furtheiildet This work is supported by EU FP6 “RANPLAN-HEC”
about the simulation and key parameters can be found in [1BJoject on 3G/4G Radio Access Network Design under grant
In this case, the frequency band is divided into 8 subchanndlumber MEST-CT-2005-020958.

of which N, are shared among existing non-subscribers.

ACKNOWLEDGMENT

Results for differentV,. values are displayed in the figure. It REFERENCES
cgn_bg here Sefen that reducing the amOL.'m of shared respurﬁﬁess_ Carlaw, “Ipr and the potential effect on femtocell iets,” in
minimizes the impact to femtocell subscribers, thus exilgi FemtoCells Europe.  ABlresearch, 2008.

the same features as a closed access method. Furthermd#ke Y. Chandrasekhar and J. G. Andrews, “Femtocell netwosksurvey,”
L. . IEEE Communication Magazine, vol. 46, no. 9, pp. 59-67, September
it is also shown that sharing a small amount of resources ,q4gg.

(N, = 1) is enough to dramatically reduce the probability[3] “Interference management in umts femtocells,” FemtauRg Tech.

of outage to non-subscribers, just as it happens with open 552#9?295"2[’550233850" Tech. Rep., March 2009

access but "miting the impact to the femtocell owner. It[5] Nortel and Vodafone, “Open and closed access for homesRed 3GPP

is also clear that larger values @, do not improve the TSG-RAN Working Group 4 (Radio), Athens, Greece, Tech. Rp-
outage probability of non-subscribers, although theiadate 071231, 2007. ) _

. d E tually. it i to th tor to baldhi ] H. Claussen, L. T. W. Ho, and L. G. Samuel, “An overview tiet
IS Increased. eventually, IL 1S up 1o the operator to balanee femtocell concept,Bell Labs Technical Journal - Wiey, vol. 3, no. 1,

parameter depending on the type of service they want to.offer pp. 221-245, May 2008.



IEEE COMMUNICATIONS MAGAZINE, JULY 2009

[7] V. Chandrasekhar and J. G. Andrews, “Uplink Capacity hmdrference
Avoidance for Two-Tier Femtocell NetworksJEEE Transactions on
Wireless Communications, February 2008.

H. Claussen and F. Pivit, “Femtocell coverage optimamat using
switched multi-element antennas,” iBEE International Conference on
Communications, Dresden, Germany, June 2009.

D. Lopez-Pérez, A. Ladanyi, A. Juttner, and J. Zharn@fdma femto-
cells: A self-organizing approach for frequency assigntfién Personal,
Indoor and Mobile Radio Communications Symposium (PIMRC), Tokyo,
Japan, September 2009.

M. Amirijoo, P. Frenger, F. Gunnarsson, H. Kallin, J. &oand
K. Zetterberg, “Neighbor cell relation list and physicall géentity self-
organization in LTE,” inlEEE International Conference on Communi-
cations Workshops, 2008. |CC Workshops apos;08., New Orleans, USA,
May 2008, pp. 37 — 41.

A. Valcarce, G. De La Roche, A. Jittner, D. Lopezd2erand J. Zhang,
“Applying FDTD to the coverage prediction of WIMAX femtods/
EURASIP Journal on Wireless Communications and Networking, Feb.
2009, Article ID 308606.

D. Lopez-Pérez, A. Valcarce, G. D. L. Roche, E. Liudah Zhang,
“Access methods to wimax femtocells: A downlink systemelegase
study,” in |[EEE International Conference on Communications Systems,
November 2008.

D. Choi, P. Monajemi, S. Kang, and J. Villasenor, “Dagli with
Loud Neighbors: The Benefits and Tradeoffs of Adaptive Feweito
Access,” inlEEE Global Telecommunications Conference (Globecom),
Dec. 2008, pp. 1-5.

J. Villasenor, “Issues and Tradeoffs in Femtocell AscePolicy,” in
Femtocell World Summit, Jun. 2009.

A. Valcarce, D. Lopez-Pérez, G. de la Roche, and J.nghéLimited
access to ofdma femtocells,” iRersonal, Indoor and Mobile Radio
Communications Symposium (PIMRC), Tokyo, Japan, September 2009.

(8]

9

[20]

(11]

[12]

[13]

[14]

[15]

David L opez-Ferezreceived his Bachelor and Mas-
ter degrees in Telecommunication from Miguel Her-
nandez University, Elche (Spain) in 2003 and 2006,
respectively. He joined VODAFONE SPAIN in

PLACE 2005, working at the Radio Frequency Department
PHHEOR-I-EO in the area of network planning and optimization.

He took up a research scholarship at the Cork
Institute of Technology in Ireland in 2006, where
he was researching in indoor positioning systems
and sensor networks. Nowadays, he is a PhD Marie-
Curie Fellow at the Centre for Wireless Network
Design (CWIND) at the University of Bedfordshire. He is ihved in different
FP6 and FP7 European projects, as well as EPSRC. His resieteobst is

on 2-tier networks, OFDMA, self-organization and inteeflece avoidance.

Guillaume de la Roche has been working as a Jie Zhang is Professor at the Department of Com-
) puting and Information Systems, University of Bed-
research fellow at the Centre for Wireless Network fordshire. He received his PhD degree from East
Design (UK) since 2(.)07‘ From 2.001 t°.2002’ _he China University of Science and Technology in
PLACE was a research engineer by Infineon in Munic PLACE 1995. From 1997 to 2001, he was a Research Fellow
PHOTO (Germany). From 2003 to 2004, he worked in 3 PHOTO with University College London, Imperial College
HERE small I;rench cgglé)any zvc\)lgeri he dep‘I%yehd éV'F HERE London and Oxford University. He is the founding
networks. From 4 1o 7, he was with the CIT} director of the Centre for Wireless Network Design
Laboratory at INSA (France). He holds the Dipl-Ing (CWIND) at UoB, one of the largest and leading
from CPE Ly_on, France, and the‘ M.SC (2003) ang research groups in 3G/4G radio access network
PhD (2007)_|n wweless_communlcatlons from the planning and optimization in Europe. Since 2003,
National Institute of Applied Sciences (INSA Lyon). as the Principal Investigator, he has been awarded sevejatts worth over
US$5.0 million (his total project funding is much larger) the EPSRC, the
European Commission (FP6/FP7) and the Nuffield Foundakienis also an
a lead author of the book "Femtocells: Technologies and @epént”.
Alvaro Valcarce obtained his M.Eng. in Telecom-
munications Engineering from the University of
Vigo (Spain) in 2006. Then, he was with the
WIiSAAR consortium in Saarbruecken (Germany),
PLACE performing WIMAX trials and measurements data
PHOTO analysis. Alvaro joined the Centre for Wireless
HERE Network Design (CWIND) of the University of
Bedfordshire (U.K.) in 2007 with the support of a
Marie Curie Fellowship. During 2008, he worked
on "the feasibility study of WiMAX-based femto-

cells for indoor coverage”. His PhD belongs to the
FP6 RANPLAN-HEC project, which studies the indoor-to-add wireless
channel and its applicability to network planning and ojztation.



