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Abstract: Cognitive radio and femtocell
technologies which can satisfy the requirementfutifre mobile
communications in terms of dynamic spectrum shagnd high
user density areas. Providing quality-of-servic®@$Q guaranteed
realtime services is challenging issue of futurgnitive cellular-
femtocell mobile networks. In this paper, we intiod a user’s
QoS management mechanism used to protect SINR abmaers
from QoS violation caused by femtocell users. Wsigtea novel
uplink channel allocation scheme (denoted as ‘filexischeme”)
for real-time connections. The scheme uses thernwton of
interference level and channel occupancy colleaiedcognitive
femtocell access points and their covering macreebstation
(MBS) and apply relevant selection criteria to sestappropriate
channel which causes the minimums interferenceaoronusers of
the covering MBS. Performance results prove thatpaoing with

are promisingThey will form a so-called femto subsystem in which

interference management becomes an important 3agh. [
Cognitive cellular-femtocell systems were proposscently

in which macro base stations and cognitive femtcamtess
points (CFAP) are considered as primary and seggnda
systems, respectively. CFAPs are assumed to hayrétioe
functionalities which are able to sense the avklapectrum
and opportunistically consume it for data transioisg4].
For radio resource management in cognitive ceHular
femtocell networks, recent published papers foumdhie
literature have only focused to solve the probleais
opportunistic channel allocation [4, 5] for dataifrrealtime
services). Although the demand of providing realeti

femtocell-access-point  (FAP)-based and MBS-basedinkupl services in femtocells is an important issue inuret

channel allocation schemes, the novel “flexible escl” can
provide lower unsuccessful probability of new cartimn requests.

Keywords. Cognitive radio, femtocell, channel
interference management, QoS management, flexihiense

1. Introduction

Recently, 4th generation (4G) mobile communicatibas
been standardized in which the 4G mobile commuioicat
is able to provide high transmission rate up tokps&in the
downlink and hundreds Mbps in the uplink [1]. A gtien
arises that what the beyond 4G mobile communicat{oe.
4.5G, 5G) will offer to mobile customers. Considerithe

allocation,

cognitive cellular-femtocell mobile networks, thei® no
detailed discussion and proposal of channel alloeafor
real-time connections and QoS management mechasfism
both macro users (MUs) and femtocell users (FUsgnwvh
providing real-time services.

In this paper, we first introduce a cognitive ciitfemtocell
network model used for future mobile communications
Issues of network architecture and radio resource
management are introduced and discussed. Thekuplin
interference management is more difficult than tlodt
downlink because interference management has toiitd
account the interference impacts from all uplinlurses.
That brings challenges to CFAPs when selecting @imku

huge number of mobile customers, deployment scemarichannel for a realtime connection request of a Fichy

(indoor, outdoor, urban, suburban etc.) and apidica
(voice, video, Internet services). It can be foessdhat

must not violate the QoS of other MUs using the esam
channel [6]. In the paper, we propose a novel ¥pttmannel

future  mobile communications demands high capacitgjiocation scheme (denoted as “flexible schemet) the

intelligent coverage and efficient resource utiiga [2]
which will be supported by deploying
communications architecture [1].

Despite the high cost of deploying and operatintarge

number of small cells, femtocell has been prop@sed high
efficient solution to increase indoor coverage aagpacity
[3, 4]. At the beginning, femtocell is consideresl a low-
power, short-range access point for indoor enviremnj4].

Recently, the deployment of femtocell is expanded
outdoor environment where femtocells are usedaafhtional

pico cells [3]. In the deployment, femtocells candeployed
by mobile operators in residential, enterprise apen areas.

realtime connection requests of cognitive celldéamtocell

cognitivenetworks. When a CFAP receives a new realtimeregliest

from a FU, by using the flexible scheme, the CFAiRstly

tries to allocate a channel which is not consumgdit®
covering MBS and the channel has the minimum iaterfce
level at the CFAP. If there is not any channels$gtig the
two requirements or the channel QoS requiremettieof-U,
the CFAP will select a channel which is consumeditby
covering MBS and has minimum interference level sneed
at its covering MBS. After that, we investigate ammpare
the performance of different uplink channel alléomat
schemes for the cognitive cellular-femtocell networodel.
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Performance of three channel allocation strategies

airports, railway stations. Deploying CFAPs with aim

evaluated including “FAP-based cognitive channetoverage size aims to not only increase the siguality of

allocation” proposed by [5], “MBS-based cognitivieaanel
allocation” presented in [7] and the proposed Béxi

mobile users but also reduce the cross-tier inenfme
because the transmission power of mobile useredsedsed.

cognitive channel allocation. We also present a Q08 the scope of this paper, we investigate the aushn
management mechanism and a channel verificatiovhich CFAPs perform uplink channel allocation tavreal-

procedure which are used in order to eliminatepttudlems
of QoS violation in cognitive cellular-femtocell tmorks.
The paper is organized as follows: the system madel

time call requests of FUs in the scenario of fikedrs.
Assume that MBSs and CFAPs use the same frequangge r
in which MBSs operate as the primary system. Bdth o

concepts of physical layer QoS management are idedcr MBSs and CFAPs have cognitive functionalities idahg
and discussed in the next section. QoS managemapectrum sensing or channel quality sensing. Giogmadio

mechanism and channel verification procedure agegnted
in Section 3. The next section describes selectethrel
allocation schemes including the novel scheme. Bitiom

recently is considered effective for opportunisizcess [8]
in which channels are allocated to secondary usera
certain short period. However, real-time communmicest

model and parameters including standardized pa#is lchave strict QoS requirements and normally, the ibln

models are described in section 5. Performance ansgn

allocated to a real-time connection has to be abkilin a

is presented and discussed in section 6. Finaliy tlong period. That rises to the need of how to aftecstable

conclusion remarks are given in the last section.

2. System model

Femtocell was first proposed for covering smalbiodareas.
Recently, the deployment of femtocell is also psmgub for
outdoor coverage in particular scenarios such aguinlic
areas, in high density user locations e.g. airpqasks [3].
In current femtocell architecture, femtocells operaat
frequencies which are randomly selected.

Open Access Femto Zone

, 5

Macro base
station
(MBS)

Internet

Cognitive Femto
Access Point
(CFAP)

Mobile RAN Femto
Management Management

System System

Femto Gateways

Mobile Core Network
(CS, PS, IMS)

Figure 1. Cognitive cellular-femtocell network model for
beyond 4G mobile communications

Fig. 1 shows a two-tier cognitive cellular-femtdasttwork

model which we consider as a candidate for beyo@d 4

mobile communications. In the cellular domain, we rbt
aim to focus on any specific air interface techgae
because the model is used as a general system ordgeln
this model, a CFAP can form a closed access feone mn
which only authorized/registered users can accesthé
CFAP. In this scenario CFAP operates equivalentlyaa
private indoor access point like a Wi-Fi device.eQor a
number of CFAP can form an open access femto ztiehw
accepts access requests made by authenticated Tibés's
scenario is applied in public locations e.g. shogpienters,

spectrum/channel to real-time connections. In thavark
model, we assume that a MBS will be able to intevéth
CFAPs which are located in the coverage area ofta8 in
order to exchange the current information of speatr
utilization of the covering MBS. By using cognitive
functionalities and interacting with their coveringBS,
CFAP monitors the interference level of all chasrielorder

to select the most appropriate channel which isfgatg the
QoS of FUs while not violating QoS of MUs.

We assume that Femto Management System (FMS) and
Mobile RAN Management System (MRMS) are two control
entities. Control messages and information exchénge
between these entities are transmitted via the mengork of
cellular domain and the Internet so that they wibht
consume the limited wireless radio resource. Theragtion
between these two entities is for supporting mbbili
management and radio resource management by exefang
important information such as the channel usagdition of
MBSs or CFAPs. When we consider the case that a use
moves between femto zones or between a femto zmne t
MBS'’s zone, the user needs the supports of locatpmtate
and connection handover. FMS and MRMS have to le ab
to support handover procedures such as handovésiatec
cell selection and resource allocation. The FMS BIRMS
also should be coordinated in radio resource manage
When a CFAP receives a new real-time call requesh fa
FU, it has to allocate radio resource (channethéoFU. As
MUs are considered as primary users whose QoS baust
guaranteed [9], the CFAP has to select the chamhah
causes minimum effects to the MUs of the coverir§3v3,

4].

In the scope of the paper, we aim to design arnctfie
uplink channel allocation for new real-time caljuests as it
is more complicated than downlink channel alloaatio
Extension of the uplink channel allocation schenoe f
handover call request is another difficult task fature
studies as handover management which will havensider
different scenarios (cellular to femtocell, femtibcéo
femtocell). Regarding to QoS metric, we consider QoS
metric at the physical layer. Regularly, QoS ofaplication
means delay and throughput. In mobile communicatiam
order to provide guaranteed throughput to a readti
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connection, the signal quality of mobile user mhate a the FU is temporarily connected with the CFAP and

certain signal-to-interference and noise ratio (®INevel. transmits probe signals. In the case of there is QoS

The SINR level of each application type (voice,eddand violation at MUs, the CFAP permanently acceptsRbeand

data) is considered as the physical layer QoS (fnom on allocates the channklto the FU. Otherwise, the CFAP will

denoted for short as Qo0S). SINR of a mobile usessmeed terminate the connection and also consider thatehiime

at MBSs or CFAPS is used as uplink QoS. Clearlyerwh  call request is unsuccessful.

CFAP receives a new call request from a FU, it khealect In the next section, we will describe three charatielcation

a channel which satisfies FU’'s SINR while not cagsi schemes: FAP-based cognitive channel allocatiorerseh

strong interference to other MUs using same charineghe [5], MBS-based cognitive channel allocation scheme the

next section, we will introduce a QoS managememroposed flexible channel allocation scheme whitbtates

mechanism and its channel verification procedure. channels to new realtime call requests according to
interference data measured at both CFAPs and MBSs.

3. QoS management mechanism
4. Channel allocation schemes

FU CFAP FMS MRMS MBSs . )
Call Request_ Channel allocation schemes operate as describealwbel
under following assumptions. Assume that the cogmit
Channel
cellular-femtocell network uses a pool of C orthogo
Coll Repl channels for real-time connections. In a MBS orRARB, at
%ﬂﬁggﬂm, o any given time, a channel is allocated to only ongoing
Q"SR‘;’JgQ“"“ Qs Contro MU or one ongoing FU, respectively. MUs are primasgrs
Inquiry for which a certain physical layer QoS is guarattéas
verification reply | | WWaitng for a mentioned above, we consider the QoS parameteheis t
period QoS Control required SINR). When a CFAP allocates a channal fdJ,
RepY it first has to provide the required QoS of the Fldwever,
o QOS;{’ggji;a“O" the FU must not cause the QoS degradation of thes MU
<%’;'y°a“°” which are using the same channel. Assume that imgdite
uplink interference level of MBSs and the QoS of #Mid
verification performed by the interaction/information exchangé o
MRMS and FMS. Moreover the channel allocation sagem
Figure 2. QoS management mechanism: channel ~ in CFAP are performed after updating informatioondr
verification procedure covering MBS. If the QoS of a MU is violated becaus

o ) ) ~ new FU has been accepted to the network, the cayeri
Admission  control including  the channel allocationcEap of the FU will be informed and then it carheittry to
procedure and QoS management mechanism are itedire  yjjocate another channel to this FU or to block Fid's

Fig. 2. In the figure, control message exchangeskown as  ¢onnection request. Operational procedures of thetected
black lines, while control processes are shownettangle -hannel allocation schemes are as follows.

blocks. When a new call request of a FU arrivea ©FAP,

the CFAP first performs a channel allocation scheme — 4.1 FAP-based cognitive channel allocation
allocate a channel to the FU. In order to guaratitaeQoS scheme [5]

of ongoing connections of MUs is not violated, aSQoIn the FAP-based cognitive channel allocation sahem
management mechanism including a channel verifinati (denoted as CFAP-based scheme), each CFAP willureeas
procedure is applied. The CFAP performs the chann#éle interference level of all available channelschtare not
verification procedure to check if the QoS of a Mthich is  allocated to ongoing FUs of the CFAP. When a CFAP j
consuming the same channel is violated. The new cé&gceives a connection request from an FU, it vélest the
request is considered unsuccessful in two casttgrahere channel k which satisfies two criteria: 1) it isused by any

is not available channel or the allocated chanaases QoS FUs of the CFAP and 2) it has the minimum inteniese
violation to a MU. level, as described in Equation (1) below.

After allocating a channdk to a new call request, CFAP k =argmin(l Jc) J1<c<C (1)

sends a verification request to the FMS to vefifjné QoSs c

of other MUs using the channklare violated. The FMS where I7 is the total interference level of channel c is
forwards the verification request to the MRMS aralts/for

a time out period. The MRMS sends QoS control ingto
MBSs, which are the covering MBS of the CFAP an
neighbors of the covering MBS. If a MU using chdrinbas . . I o .
QoS violation, the MBS covering of this MU will S90S signal using an initial transmission p(k)we.r Rs SINR is
control reply to MRMS. The MRMS forwards the QoSmeasured by this equation: SINR = Pr, 2)
control reply to the FMS. Then the FMS sends thes Qo If +noise

verification reply to the CFAP and terminates theet out

period. While the CFAP is waiting for the verifigat reply,

measured at the CFAP . The interference level lbf a
hannels measured at the CFAP j is updated peailhgic
fter being assigned a channel k, the FU transmifsobe
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where Pr}‘ is the power received from the user at CFAP j. [po0! into two sets Cand G in which C= G+C,. G, is the set
) of the channels not being used by MUs in the cogekBS,
the SINR of the probe signal by FU measured atGRAP

- and G is the set of the channels being used by MUs én th
does not satisfy the FU’s QoS, the CFAP asks thetd-U

_ covering MBS.
perform a power control process. The power comill \yhen the CFAP | receives a new connection requist o

complete either when the FU's QoS is satisfied I t £ the “flexible scheme” operation is describedvin steps
maximum transmission power of the FU is assignedhé . foliows:
case of the FU’'s QoS is still not satisfied aftempleting Step 1: If the set (s empty, go to Step 2. Otherwise, the

the power control process, the CFAP will release thcrap j selects the channel C* which satisfies thogteria:
allocated channel k and consider that the call e#sgis not 1) it belongs to the channel set Got being used by the
successful or unsuccessful. Otherwise, the CFABcaties covering MBS), 2) it is not used by other FUs af BFAP j

the channel to the FU and then performs the channgl 3)
verification procedure as illustrated in Fig. 2.

it has the minimum total interference level

1 ©" measured at the CFAP j» as shown in Eq. (4) below.
4.2 MBS-based cognitive channel allocation

scheme [7] C =argmin(l7), 1<c<C, (4)
When using the MBS-based cognitive channel allocati c ,C , .
scheme (denoted as MBS-based scheme), the cognit}’\‘ﬁ@ere lj is the total interference level of channel c is
cellular-femtocell network needs more frequent infation measured at the CFAP j. After that, the channefigation
exchange between the MRMS and FMS. A CFARrocedure introduced in Fig. 2 is performed sinyjlaif
periodically updates interference data of all clesin there is a MU of cellular domain (might belong tther
measured at its covering MBS. A MBS periodicallpdga neighbor MBSs) which has QoS violation, the CFAWiIl|
broadcast packet to all CFAPs locating in its cager This perform the one more attempt of channel allocatipmsing
packet can be sent from the MBS to CFAPs via Step 2 below.
broadcasting channel or through the communications Step 2: The CFAP j will select the channel C** whic
between MRMS and FMS. The packet contains intenfere satisfies three criteria: 1) it belongs to the clwrset G, 2)
information of all channels measured at the MBS. it is not being used by other FUs of the CFAP j 8hdt has
When the CFAP receives a connection request of AitFU the minimum total interference levef’|” measured at its
will select the channel k* which satisfies two erif: 1) it is covering MBS M. Such that:
unused by other ongoing FUs of the CFAP and 2jst the N o '

Cc”=argmin(l,,), 1<c<C, (5
Cc

minimum interference Ievelﬂ measured at the covering

MBS M of the CFAP, as described in Eq. (3) below. where I}, is the total interference level of channel c

k* =argmin(ly).1<c<C (3) measured at the covering MBS M. The channel vatifin
¢ procedure is then performed similarly. The new oaduest
is considered unsuccessful if the channel C** doeispass
measured at the covering MBS M of the CFAP. Selgcti  the channel verification.

channel according to Eq. (3) leads to minimize nipli In the next sections, we will present the simulatinodel
interference to the covering MBS of the CFAP. Tharmel used for evaluating and performance comparisonbof/e

where Iy, is the total interference level of channathich is

verification procedure is then performed similarly. channel allocations schemes. The performance méfric
4.3 “Flexible scheme” of cognitive channel unsuccessful probability” defined bel_c_)w:
allocation Unsuccessful probability =
Wh formi imulati . i Number _Of _Unsuccessiul _Request (6)
en performing simulation experiments, we realizieat Total _Request

the CFAP-based scheme will locally assign a charnel
which causes minimum interference to CFAPs i.es les . .
effects to the QoS of surrounding FUs. The MBS-dases' Simulation model

scheme will produce a channel k* which causes mimim The simulation program is developed using Matlab.
effect to MU's QoS [7]. Because femtocell has smalsimulation scenarios use thecell simulation model as
coverage radius, channels allocated to FUs ofteisfsa shown in Fig. 3. In future work, we will give thed-tell
FUs's QoS. From these observations, we propose i@ m@imulation model for cognitive cellular-femtocell obile
effective channel allocation scheme. We denote st @ommunications networks. In the simulation scersarige
“flexible scheme” which works as follows. Besidedaging do not care about physical layer model, modulatmmi
interference information of all channels to all GFAas coding schemes for communications. We only condider
described in MBS-based scheme, the covering MBS alg&FAPs can allocate channels to FUs successfully witr
send its CFAPs the list of channels being occupie®Us  scheme. As mentioned in the last section, the peence

at the MBS. N metric is unsuccessful probability of connectiorguests
According to the updated data, a CFAP divides tf@nel  which are calculated following the section 3.
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paper, we used the lower bound for the path losygyube
following expressions:

Lpp + 20l0g o (d/Ryp) for d< Ry,
L(dB) = {

Lyp + 40log o (d/Ryp) for d > Ry,
where the breakpoint distance is given ky R4hh./A and
the basic transmission loss at the breakpointmistés given
by:
Lop(dB) = | 20logo(A%(8nhphe)) |, (10)

with A is the wavelength (m);,hand ki are the base station
and the mobile unit's height above street levepeesively
(m); d is the distance from base station (m).

(9)

Figure 3. Layout of simulation model
ITU P.1238 predicts path loss between two indoomitgals
assuming an aggregate loss though furniture, iatesalls
and doors. The expression for the path loss isgye

For more details, the simulation model includes dB&at
each MBS provides the cell coverage radius@im with
the antenna height a30m. In each macrocell (MBS), a
number of CFAPs (depending on simulation scenari®s) L(dB) = 20log(f) + Nlogyo(d) + Li(n) — 28,  (11)
uniformly distributed. MUs and FUs are also uniftym where N is the distance power loss coefficiens;thie carrier
distributed in each macrocell and each CFAP, raamdy.  frequency [MHz]; d is the separation distance (rejween
A MBS allocates channels to its MUs randomly. Ire ththe base station and portable terminal (wherelany L; is
paper, we only consider stationary MUs and FUs wgh floor penetration loss factor (dB); n is number flafors
antenna the height betwedm and 3m, respectively. The between base station and portable terminat (). In our
femtocell coverage radius 5m and CFAP has antennasimulation, we used N 28, L(n) = 4n and n =1 for
height betweerdm to 5m. In all simulation scenarios, MBSs residential factor.

and CFAPs manage the same number of uplink chahffels Table 1.1TU path loss models
= 100. Assume that only one uplink channel is allocditech
MU at whole simulation time. The transmission powarge Parameters Values

of MUs is betweenlmW and 125mW [10] whereas the
transmission power of FUs is fixedahWw. Additionally, the
uplink transmission power of MUs is controlled byawer Window loss 5dB [10]
control process with the SINR target®fB [5]. The FU’s
uplink QoS requirement (SINR) is set 50B. The uplink 'nqggglrirzg Telear i o) T RAZEE [0
traffic load in each CFAP is set according to seldc
simulation scenarios. Indoor to outdoor patH ITU P.1411 [12] + wall/window loss
Consider CFAPs and FUs are indoor devices wherdaSsM | loss modeling
and MUs are out.door dEVI(.ZeS. Standardized patmhnstels Outdoor to outdoor patf Cost231 [13]-Okumura-Hata [14] for edd
used for calculating SINR in femtocell networks [18] are loss modeling of macro cell cases

given in Table 1. The signal transmitted betweebase
station and users can be classified into four casdsor to
indoor, indoor to outdoor, outdoor to outdoor awteor 10 | outdoor to indoor path] Cost231[13]-Okumura-Hata [14] for edde

External wall loss 20dB [10]

0]

ITU P.1411 [12] for near macro cell casgs

indoor links. loss modeling of macro cell cases + wall/window loss
Cost231-Okumura-Hata is well-accepted by the mobilp
. . . ITU P.1411 [12] for near macro cell casps
cellular community. The expression of Cost231 failthup + wall/window loss
areas is as follows:
Frequency 2000 MHz

L(dB) = 46.3 + 33.9log(f) — 13.82logg(hy) + (44.9 -

6.55logq(hy)) x logi(d) — F(h,) + C, 7 . . . .
Golhe)) Go(d) — F(th) Q) The common simulation parameters are summarizédlite
With C = 0 dB for small to medium-size cities. 2 given below.
F(hy) = (1.1logo(f) — 0.7) xh, — (1.56l0go(f) — 0.8) ,  (8) Table 2. Common simulation parameters
where f is the carrier frequency [MHz]; Is the base statiorl_ _
height above ground level [m];,his the mobile station| Simulation parameters Values
height above ground level [m]; d is the distanaanfrthe
. Cell layout 7 cell model

base station [km].
ITU P.1411 was designed for the planning of sharige | MBs sensitivity -121dBm [10]
outdoor systems. P1411 line-of-sight street cangethod is —
recommended which applies to situations where the | FAP sensitivity -116dBm [10]

terminals are in LOS but are surrounded by builgling this

MBS coverage radius 500m
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FAP coverage radius T unsuccessful probability than that of the CFAP-Haaad
MBS-based schemes. At the MBS's load 40 active
MU transmission power range 1mWto 125mw [10] simultaneous MUs in each MBSMUs/MBS), the
. unsuccessful probability of the flexible schemdeiss than
FU transmission power imw 1% whereas that of the CFPA-based and MBS-based
High range of FU and MU 1m to 3m schemes provide an impractical unsuccessful prétyabf
around 10% and 7%, respectively. The flexible sahem
High of MBS () 30m [15] shows better performance at higher MBS's load arch

High range of FAP () 1m to 5m even provide low unsuccessful probability of readi

connection requests at medium MBS’s load (around 55
Number of channel 100 MUs/MBS). The reason is that when using the flexibl

scheme, the CFAP first selects the channel whichtha

MU’s uplink QoS requirement 3dB [5 .. . .
uplink a Bl local minimum interference level (at the CFAP) aachot
FU’s uplink QoS requirement 5dB used by ongoing MUs of covering MBS. Thus the CFaR
nd o ind | | shadowing4dB [4] satisfy FU’'s QoS and does not cause interfererfeetafg to
naoor to Indoor Iognormal shadowing ’ ; :
standard deviation MU’s QoS. Otherwise, the CFAP_seIects a ch:_;m_nebhvm
can be currently used by the covering MBS but hizénmam
Indoor to outdoor lognormal shadowir| 12dB [4] interference at the covering MBS. That means it camse
standard deviation minimum effects to QoS of the MUs connected witke th
Outdoor to outdoor lognormal shadowifg8dB [4] covering MBS. In this scenario, when the numbeaatfve
standard deviation MUs less than 30 (considered as a low MBS load, th

performances of MBS-based and CFAP-based scheraes ar

Outdoor  fo indoor lognormal - shadowir) 10dB 4] nearly identical whereas the flexible scheme presidery

standard deviation

small unsuccessful probability.
1

6. Performance comparison 09

Following simulation scenarios are carried out imiclh we %0_8

compare the unsuccessful probability of channelcation 5:0_7 “+ CFAP-based scheme j
schemes under different system configuration. £06 fﬁf}:b‘f:zeci:;im e
Scenario 1: The number of CFAPs in each MBS gﬂ.i s
(CFAPs/MBS) is10. The maximum number of simultaneous 2 04

active FUs on each CFAP 18 or the uplink load of CFAPs §0-3 4

is 10% of total N° channels). 202 e

Scenario 2: The number of CFAPS/MBS is increase2dto DO-[}adAar//

The uplink load of CFAPs i$0%. 0 20 3 40 50 6 70 8 9 100

Scenario 3: The number of CFAPs/MBS18 The uplink Number of MUs per macrocell
load of CEAPs is increased 36%. Figure 5. Unsuccessful probability versus number of MUs
1 per macrocell where 20 CFAPs/MBS and the uplinkl lo&
209 CFAP is 10%
_fégj S CTAP-based scheme In the second simulation scenario, it aims to oleseahe
206 - MBS-based scheme unsuccessful probability of channel allocation scks in the
305 ~Flexible scheme o case of the number of CFAPs is increase@Qa.e. higher
%04 / femtocell density while keeping the similar uplitaffic
§0-3 m/g/ load of 10% in each femtocell. The QoS of FUs is SINR =
590-2 o 5dB. The transmission power of FUs is set at the fixalie
o1 —— of ImW and the transmission power of MUs is controlled
0 20 3 40 50 6 70 8 90 100 between1mW and 125mW. The positions of CFAPs are

Number of MUs per macrocell uniformly distributed around MBS and in MBS’s coage.

Figure 4. Unsuccessful probability versus numbe_r of MUS A5 shown in Fig. 5, the flexible scheme still shosusaller
per macrocell where 10 CFAPS/MBS and the uplinkilog  nsyccessful probability than those of the CFARetiasnd
CFAP is 10% MBS-based schemes. Clearly, increasing the numifer o
In the first simulation scenario, the transmissimwer of CFAPs in the whole system will bring higher unsisstel
MUs is controlled betweerdmW and 125mW while the probability of new realtime connection requestswieer, at
transmission power of FUs is fixed AiW. Each CFAP has the low MBS'’s load, the flexible scheme still carep
the uplink traffic load 0fl0%. The number of MUs in each almost the same unsuccessful probability of thest fir
macro cell is varied betwed® and100. The QoS of FUs is Simulation scenario. It also shows that CFAP-bassteme
SINR = 5dB. The positions of CFAPs are uniformly offers much worse performance than that of otheeses. It
distributed around MBS and in MBS'’s coverage. Asval can come to a conclusion that when considering todgl
in Fig. 4, the flexible scheme can provide a mustalier interference information (i.e. local spectrum monitg), it
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is not possible to provide realtime connection esqgsl in
cognitive cellular-femtocell mobile networks.

1
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Figure 6. Unsuccessful probability versus number of MUs
per macrocell where 10 CFAPs/MBS and the uplinkl lo&
CFAP is 30%

In the third simulation scenario, it aims to comgpahe
unsuccessful probability of channel allocation sebe in the
case of the uplink traffic load of each CFAR3®% i.e. high
capacity femtocell while keeping0 CFAPs in each MBS.
As shown in Fig. 6, the unsuccessful probability af
schemes increases as the uplink traffic load oh &2l€AP
increases. The flexible scheme still provides ahmbetter
unsuccessful probability than the CFAP-based andSMB
based schemes. In this scenario, the flexible seh=an still
keep the unsuccessful probability less tf# when the
MBS’s load reaches 50 simultaneous active MUs. Th
figure proves that when CFAP’s load of realtimevims
increases, it causes heavy interference to acti\ds bf the
covering MBS. That means cognitive cellular-femtbce
mobile networks should define a certain realtinr@ise load
of femtocells. It is an open and interesting resledopic for
future study.
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Figure 7. Performance comparison in the case of the same

number of active FUs (300FUs) in a macrocell

The flexible scheme has shown better performande ga
comparing with other schemes. Now we evaluate and

compare the performance of the flexible schemédéndase
of the total number of active FUs of both scenari®s

identical B00 active FUs in a macrocell). Fig. 7 shows when

the uplink load of a CFAP is high3@FUSCFAP and

10CFAPS/MBS) i.e. CFAPs are high-capacity access points,
is able to maintain unsuccéssfu

the flexible scheme
probability of 10% when the offer load of the covering MU
rises t062% (62 active MUs/ MBS). In the scenario when
the number of CFAPs is high and CFAPs are low-dajpac
access points 10FUSCFAP and 30CFAPYMBS), the
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unsuccessful probability reach#3% when the offer loads of

the covering MU raises td6% (46 active MUs/ MBS).

From the collected performance data, it shows fhat

cognitive cellular-femtocell mobile networks, deyglyg

high-capacity CFAPs is better than deploying loywaty

CFAPs. Clearly, at theoretical point of view, wheaducing

the number of CFAPs i.e. low CFAP density therd i

fewer CFAPs locating nearby MBSs. Therefore MBSk wi

have lower uplink interference. This result is alsed as the
validation of our simulation tool.

Simulation results have statistically demonstratdte

effectiveness of the flexible scheme. When anatyzine

operation of three channel allocation schemes,onad that
most of unsuccessful requests happened becauséngngo

MU of the covering MBS has QoS degradation. Foltayvi

issues can verify the gains of the flexible schenten

comparing with CFAP-based and MBS-based schemes:

- When using the CFAP-based scheme, a CFAP allotates
a FU a channel which has the minimum interference
measured at the CFAP. But at this time, the chacmel
have strong interference at the covering MBS. Tines
channel verification procedure performed later waubt
be satisfied. This results in high unsuccessfubpbility.

- When using the MBS-based scheme, a CFAP will aléoca
to a FU a channel (denoted as Channel-A) which has
minimum interference measured at the covering MBS.
situation appears that the Channel-A might be coesu

by a MU of the covering MBS while another channel
(Channel-B), which has higher interference level
measured at the CFAP but is free in the coveringSMB
In the case of the CFAP is nearby the covering MBS,
allocating Channel-B is a better solution because t
Channel-B will not violate QoS of ongoing MU of the
covering MBS. Also, as the CFAP is nearby the cioer
MBS i.e. it is far from other MBSs, the choice of
Channel-B will cause less interference to other MBS
When allocating the free Channel-B to the FU, tHi$
does not have interference from the MU of the cionger
MBS i.e. better FU’s SINR can be achieved.

is

- When using the flexible scheme, firstly a CFAP sélect

a channel (for a requesting FU) which belongs & dét

of channels (@ not being consumed by the covering
MBS and has the smallest interference (Channel-B)
among the set Allocating this channel surely will not
cause QoS degradation of MUs in the covering MBS.
The FU will not have direct interference causedMily

of the covering MBS. If the CFAP is located neatby
covering MBS, it will not cause strong interference
other MBSs. When Channel-B still cause QoS
degradation to MUs of neighbor MBSs (due to high
system load or the CFAP is in overlap areas of MBSs
the flexible scheme has the second step to select a
channel from the set,Clf the channel does not have
strong interference level in the neighbor MBSsgan
pass the channel verification procedure.
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