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Abstract— This paper introduces a new call admission contto  [4]. For this reason, both communities of research andstngu
(CAC) mechanism for Long Term Evolution (LTE) netwaks  have done a considerable effort on the study of LTE systems
supporting multimedia services with different clases of traffic.  offering new and innovative solutions to analyze and improve
Our CAC mechanism classifies calls into real timerd non-real  yhejr performance in order to effectively deal with theyd
time users, then estimates the channel quality baseupon the number of mobile user calls. Moreover, efficient mechanisms

ived signal st th (RSS) val d finallydentifies th I . ; - . .
;ici};ﬁersﬁg\?v i;ﬁn?NC() or )h;igc?ﬁagall I?ﬁé?ig;f; bsfg?e have to also consider the diversity of services which produce

performing admission control decision. We also usa simple  diversity in the Quality of Service (QoS) requirements.
preemption technique in order to allocate the resaces to high For this reason, admission control mechanisms are used by

priority bearer requests. We show through extensivesimulation operators to ensure continuous service quality supply and to
analysis that our CAC mechanism provides high numbeof  provide high levels of satisfaction for customers while using
accepted users with higher priorities while providng high system  the network bandwidth optimally. An admission control
throughput. mechanism decides if it accepts or rejects a calhgainto
account one or many parameters such as network conditions
resources use, and types of services.

In this paper, we propose an admission control mechanism
where users are classified into different traffic a@ssThese
users have different priorities indicated by the Channel

The growing demand for network services, such as voicQuality Indicator (QCI), which varies according to the slab
over Internet Protocol (VoIP), web browsing, video telephonytraffic. Admission control for these LTE users depends on
and video streaming with time constraints and bandwidtikeveral parameters such as traffic classes, availainli®
(BW) requirements poses new challenges in the design eésources, channel quality, and call type. We then compare o
cellular networks for future generations. The Third Gatien  proposal with other CAC mechanisms proposed for the LTE
Partnership Project (3GPP) introduced Long Term Evolutiometwork.

(LTE) as a response to this need, with ambitious perforenanc This work is organized as follows. In Section Il, we
targets and defined an all-IP radio access. The RadiouRes  describe admission control mechanisms already proposed for
Control (RRC) layer is the most important layer in theLTE as well as our proposal. In Section lll, we present our
signaling process. This layer supports several kejufess LTE system model. We evaluate the different admission
between the user equipment (UE) and the evolved Node€ontrol mechanisms in Section IV through extensive

Keywords—LTE; CAC; Channel state; QoS; PreemptioNpw
call; Handoff call.

. INTRODUCTION

(eNodeB) such as the connection management [1]. simulations. Finally we conclude our work in Section V.
Orthogonal Frequency Division Multiple Access (OFDMA)
and Single-Carrier Frequency Division Multiple AcceSE€{ Il CALL ADMISSION CONTROLMECHANISMS

FDMA) are the access technologies used for the downlink and To simultaneously meet the bandwidth and QoS
uplink directions. The LTE systems use radio frequency bandgquirements, admission control mechanisms are used by
with a width varying from 1.4 MHz to 20 MHz. For example, network operators as a method for continuous supply of
when using a 20 MHz band, a theoretical data rate of up tguality of service. The lack of an adequate admissionralont
300 Mbit/s in the downlink direction can be performed. Theis partly responsible for the current difficulties in the
fourth generation (4G), called LTE Advanced (LTE-A) cantelecommunications industry. In this section, we provide a
offer a download speed of up to 1 Gbit/s when usingtate of the art of existing admission control mechanisms
frequency bands of 2x100 MHz wide which are defined inLTE networks before presenting our own mechanism called
3GPP Releases 10 [2] and 11 [3]. Flexible Call Admission Control (FCAC). Note that a

There are already more than 240 million LTE mobile phongyreemption algorithm can be added to FCAC and the resulting
users in the world (2014 data) and it is expected that thisiechanism is called FCAC with preemption (FCAC_P).
number reaches 2.6 billion of LTE users by the end of 2019



A. Basic Call Admission Control (BCAC) channel (see Figure 2). The channel quality is considase
Basic Call Admission Control (BCAC) is a static bad when the channel quality estimation is below a defined

admission control mechanism [5]. The decision of thg€ceived signal strength threshold (R%SIf the channel
acceptance or rejection of the call is based only on th@uality estimation is good, the RT call is categatizato
availability of radio resources. Its principle is to detere if ~ €ither New Call (NC) or Handoff Call (HC). RT HCs have
there is sufficient bandwidth (BW) to accept this cBte unit ~ higher priority than RT NCs and therefore they are treated
of allocation in LTE networks is the Physical ResourtacB  first. Note that the process is the same for HC and NC.

(PRB). Therefore, to adapt BCAC to LTE networks, we
propose that the eNodeB calculates the number of PRBs Process for RT
required for the call. Then, it compares this number with the o
number of available PRBs. The call is accepted onlpefe
are enough available radio resources.

B. Multi-Service Call Admission Control (MSCAC)

Multi-Service Call Admission Control (MSCAC) was
proposed for 3G/4G networks [6]. Two types of service
classes are defined: Real Time (RT) for conversational and
streaming calls and Non-Real Time (NRT) for Best HEffo Bad channel
calls (see Figure 1). MSCAC divides the resources intm tw
parts: a part for NRT calls and a second part for RE.cAlh
NRT call is accepted only if there are enough available PRBs
in the BW part for NRT.

Channel
estimation >=
RS&?

No « Yes

Good channel

Yes PRBs sufficient

A request arrives in BW part for

Type of request?

bad channel?
HC NC
L NRT
Classification? \4
Accept the Accept the
\ 4 request request
fm=m-m—m-m—m—— - T Process for NRT users
| Process for RT users ]
I ! <« v v
Process for HC Process for NC
Ye Sufficient PRBs users users
in BW part for

NRT?

Fig. 2. Process for RT users in MSCAC
Accept the request Reject the request Finally, the RT call is classified into either VolP Ical
(having the highest priority) or Video call. When there are
sufficient free PRBs in the BW part for VoIP, the VolIPl ¢al
Fig. 1. General scheme of MSCAC accepted. Otherwise, the eNodeB checks if there are enough

To provide efficiency in LTE networks, operators canfree PRBs in the BW part for bad channel. Therefore, @& Vol
favor RT calls by increasing BW part for RT. Moreover, call is rejected only if there are not enough PRBs\i Barts
MSCAC takes into account the quality of the channel durindor VolP and bad channel (see Figure 3).

CAC decision and classifies RT calls into Voice oveernét In the same way, a Video call is rejected only if thare

Protocol (VolIP) or Video calls. The PRBs reserved for RThot enough PRBs in BW parts for Video and bad channel.

calls are divided into three parts: Note that Video calls having the smallest tolerance are
- ABW part for RT calls having bad channel. accepted first.

- A BW. pa_rt for .RT calls having good channel and C. Channel Based Efficient Call Admission Control
classified into Video calls.

- A BW part for RT calls having good channel and (CBECAC). )
classified into VoIP calls. An admission control mechanism, called Channel Based

An RT call having bad channel estimation is acceptedefficient CAC (CBECAC), is presented in [7]. A calf i
into either HC or NC. The PRB is divided into three gart



- A part for NRT calls. next section, we present our proposal that aims to overcome
- A part for RT new calls. the drawbacks of existing CAC algorithms.
- A part for RT handoffs calls.
An NRT call is accepted only if there are enough fre8# .
in the BW part for NRT. After classifying the RT cadin RT E. Pr(?posed CAC Mechanim . o
NC is accepted when there are enough free PRBs in the Bw I this paper, we propose a flexible Call Admission Control
part for NC. Otherwise, a preemption algorithm is perfatme scheme with preemption mechamsm that 'takes into account
on NRT calls. the channel quality, the LTE allocation unit (PRB), dhd

An RT HC is accepted if the reserved bandwidth for RT HCR0S classes. First, we present our flexible CAC (FCAC).
is available. Therefore, the NRT calls are preempteyl for Then we describe the preemption algorithm applied to FCAC.

RT NC calls. Recall that yvhen performing the preemption algorithm, the
mechanism is called FCAC_P.

Process for 1) FCAC
HC/NC users

FCAC works as follows. First, a call is classifiedoiither
NRT or RT call. First of all, we consider NRT call§.the
total number of available PRBs is insufficient to fulfiie
number of PRBs requested by the NRT call, the request is
rejected. Otherwise, if the occupation ratio of the bantwid
(OR_BW is lower than a defined threshold for NRT calls,

called th_NRT the NRT call is immediately accepted. The

e m— occupation ratio of BW represents the ratio between the
| Video users ! number of PRBs already reserved and the total number of
' 4 PRBs. Otherwise, the NRT call is blocked with a probghili
called blocking rate for NRT call8R_nr), see Figure 4.

VolIP or Video?

Ye Sufficient PRB
in BW part for
VolIP%

Accept the Use BW for

request bad channel .
A request arrives

S

RT NRT

P Classification ﬁ

Reject the RT process PRBs
request l—Y-s sufficient? :
Fig. 3. Process of RT HC/NC when the channel quality is \ /
good in MSCAC v O
D. Synthesis of existing CAC algorithms No Ot?{ﬁ\g; : Yo piclectiiclieguest
Note that BCAC is a classical CAC that processesadll ¢
in the same way and therefore it cannot consider the df/pe
call and the channel quality. Therefore, BCAC is not &ffit Blocking with No Afgeﬁégt\e
in LTE networks as the throughput cannot be high and QoS PéoRbar?r'_'gy — >
requirements cannot be met. -
MSCAC considers the channel quality as well the type of ™~ Yes
call in its CAC decision. Moreover, it favors HCs. Howeyv
when there are not sufficient free PRBs in the BW part for
HC, the eNodeB checks the BW part for bad channel quality Fig. 4. General scheme in FCAC
instead of the BW part for NRT. Therefore, the eNot®Brs The aim of usindBR_nrtis to give the possibility to accept
NRT calls on RT calls having bad channel quality. an NRT call when there are available PRBs even if the

Finally, CBECAC considers the type of the call. However threshold of BW reserved to NRT calls is reached. Morgove
the channel quality is not taken into account and so thithis parameter provides flexibility to the operator by chapsin

algorithm cannot provide high throughput. Moreover, whiis t  the suitable value. For example, a high valuBRf nrtfavors
CBECAC algorithm, the eNodeB favors NCs on HCs. In therT users.



Now, we consider RT calls. First, we compare the tuali
of the channel with a defined RSS threshold (RSB the RT Good channel
user has a bad channel, we propose that the RT call is atcepte proces

only if OC_BW:is lower than a threshold, called RT_BC I

(see Figure 5).

RT process PRBs No
Ye "~ sufficient? ~
m%mm /
._I_ -
No OR_BW <= Reject the request
th_RT_NG@
No Channel estimation Yes T A T
>=RS&%?
B Accept the request
BC process Good channel
proces
l i Type of call? NC

OR_BW <= Yes

No |
\m\w th RT _B(?
M Accept the request
W Blocking with
Reject the request Accept the request \\\EiRnC_T///

Fig. 5. RT process in FCAC

If the channel quality is good then we check if we have Reject the request
enough available PRBs to accept this request. lfuress are I —
available then we check if a threshold, calledRT_NGC has Fig. 6. Process of RT users having good channel in FCAC
been exceededf th_RT_NCis exceeded then we identify Each subframe consists of two slots. In the frequency dgmai
whether the request is RT HC or RT NC. If the RT call i the resources are grouped into 12 subcarriers. They yecup
considered as HC then it is automatically accepted kecautotal of 180 KHz with a spacing of 15 KHz. A unit of 12
HC has the highest priority. subcarriers in a period of one slot is called a physésource

If the RT call is considered as NC, it is accepted btit @i block (PRB). A PRB contains 84 (resp. 72) Resource
blocking rate probability calleBRnc_rt The higheBRnc_rt  Elements (REs) in the case of a normal (resp. shorfjccyc
the more handoff calls are favored. If the threshold fousee prefix (see Figure 7).
?r:ttt:]s Sbs:]ng\lg[;];gigé;ﬁ:ﬁ?ge’;h;;ﬁg E)T calls arestieat B. User SINR and Modulation and Coding Scheme

2) FCAC_P The evaluation of the channel condition is based on the

FCAC_P adds to FCAC a preemption algorithm in order tstimation of the signal (Signal-to-Interference plus 8lois
favor RT calls. Our proposed preemption algorithm works a&atio: SINR) of the UE. For each PRB, the effectiveliS|
follows. The eNodeB browses accepted NRT calls and ndfINReff) is used as a metric to evaluate the chaquality
already preempted. We propose to do not preempt a defindefications. The SINR value of subcarrienis calculated as
number of NRT calls, called Number of non-preempted NRTOllows: _
users Kinp_NRY, in order to do not totally reject NRT calls. SINRy Pr¥/(No X Wse+ ZizsP') - (1)

We also choose to do not preempt recent calls as the old ) ]
calls have partially served. If the number of PRBs aequir ~ Where n represents the index of the sub-carriém?
after preemption is sufficient to accept RT calls, therf€presents the received power of the serving eNodeB for

preemption is executed. Otherwise, it will be canceled. subcarrier n, No represents the noise density, aik
represents the frequency spacing.
. SYSTEMMODEL Effective SINR is calculated using the average
instantaneous capacity (MIC). This method is describédan
A. Radio Resources following equation [8]:

The LTE downlink frame duration is 10 ms. Each downlink
frame contains 10 subframes of 1 ms duration. SINRgfi= M€ — 1 )



TABLE I. CHANNEL QUALITY AND NUMBER OF BITS

LTE frames 10 TRANSMITTED PER PRB FOR VARIOUS MCS.
10 sutyrames MCS SINR Number  of  bits
Phusical Resonres Block interval (dB) | transmitted per PRB
& X QPSK 1/2 [2.9, 6.3] 7*12*2*1/2= 84
(Slot 0,5ms) QPSK 3/4 [6.3, 8.6] 7*12*2*3/4= 126

16QAM % [8.6, 12.7] 7*12*4*1/2= 168
64QAM ¥4 [12.7,16.9] | 7*12*4*3/4= 252
64QAM 2/Z | [16.9, 18 7*12*6*2/3= 33¢

Covanbaty
SADLLDOGNS T

Mg uo spradap jois 4od FY J Jo doqump

64QAM ¥ | [18, 0] 7*12*6*3/4= 37¢
NOFDY sympols TABLE Il. CHARACTERISTICS OF USERS CLASS.
Time . User das¢ | Authorized QC | Examples of servici
N=7 when normal CP is used Resource Element RT 1 and ¢ Rea'time ] gaming E?.n(
N=6 when extended CP is used conversational voice,
respectively
Fig. 7. Radio resources structure NRT 8and! IP Multimedia
Subsystem (IMS
Where the MIC is calculated by averaging the capadity o signaling, respectively

all theN subcarriers of a PRB:
TABLE IlIl. OPTIMAL PARAMETERS VALUES FOR CAC

MIC=1/N 3N'1=1 logz(1 + SINR ) [in bps/Hz] 3) MECHANISMS
CAC mechanisn Optimal parameters valu

The association between the Modulation and coding| BCAC

Scheme (MCS) and effective SINR is performed according to| MSCAC BW part for NRT = 40%

Table 1 [9]. BW part for bad channel = 20%
L BW part for VoIP = 20%

C. User classification BW part for Video = 20%

We characterize the users into two categories; Rea¢ TRIT) CBECAC BW part for NRT = 40%

and Non-Real Time (NRT). We consider QCls equals to 1, 4, BW part for RT NC/HC = 30%

8 or 9. Table Il shows the different types of servicegyested Nnp_NRT= 2

for each level with the corresponding QCI values as aell ECAC th NRT = 50% . th RT BC=

some examples of services used [10].
The RT type represents the most privileged users and uses the
Guaranteed Bit Rate (GBR) type. GBR means that a minimum
of bit rate resources has to be reserved. NRT users ha
limited access to services and uses Non-GuaranteedaBe
(Non-GBR) [11].

IV. SIMULATION RESULTS The number of sub-carriers per PRB is 12. The claskes
service are distributed respectively between RT and WRT

evgllut;:: fﬁgtlogr’f;\;?ng;izezg tgltjarsngulﬁggg rgz‘gtﬁgcﬁfﬂﬁ; n;?robability 2/3 and 1/3. A QCI is chosen randomly between
P prop "Re two allowed values (see Table II). The rate requdsted

(FCAC and FCAC_P). They are compared with three existin%
CAC mechanisms: BCAC, MSCAC, and CBECAC. First, we
present our simulation model. Then we present the siranlati
results showing how optimal results are obtained fronB. Simulation Parameters

FCAC_P. S _ In this section, we present the simulation results when
_Th_e same optimization approach is _fol_lowed for Othervarying BR_nrt BRnc_rt and Nnp_nrt Note that we have
existing CAC mechanisms in order to maximize the number gfyyestigatecall parameters of our proposed CAC mechanisms

RT calls accepted while trying to maximize the throughput ofg \vell as those of BCAC, MSCAC, and CBECAC. All
system. Finally, we make a comparison between differé&t L qptimal values are presentedtiable Il1.

CAC mechanisms.

60%, th_RT_NC= 90% ,RS% =

8.6 dB, BR_nrt = 0.2, and
BRnc_rt=0.01

FCAC_F In addition to the parameters

FCAC,Nnp_NRT= 2

ach user depends on the service type. The detailedasionul
parameters were presented in [12].

C. Investigation of FCAC_P Parameters

. . . 1) Investigation of BR_NRT
We consider a simulation model based on one hexagonal Figure 8 represents the accepted NRT and RT calls as a

cell having a radius of 1500 m. The bandwidth used is 2Q,ction ofBR_nrt First, we consider the NRT calls. Note that
MHz and therefore there are 100 PRB per slot. BR_nrtis the blocking rate for NRT users.

A. Simulation Model



Number of NRT and RT users accepted VS BR_nrt (N=500)
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We verify that the number of NRT calls accepted . mec anisms (N=500)
decreases wheBR_nrtincreases. We note that for an increase ) nvestigation of Nnp_NRT

of BR_nrtfrom 0.1 to 0.5, the number of users NRT is reduceq Figure 10 represents the number of users accepted as a
by 22%. unction of Nnp_NRT Recall that the number of RT HC users

Now, we study the influence &R_nrton the number of accepted depends on the number of preemptions. In addition,

accepted new real time calls. In Figure 8, we observe thf® number of preemptions decreases wiénp_NRT

reduction in the number of accepted new RT calls whefjicreases. He_nce the number of RT HCs accepted decreases

BRnc_rtincreases. However, this decrease is limited (abo hen increasing the number Of non-.preempted NRT users

9.8%) because the blocking probability for new calls is onl ecaguse fthe preemptlog NaFL!JTOY'thm IS canc?\lleRdT when  the

applied when theh_RT_NCis exceeded (above 75% of the humber of non-preempte users reacings |

bandwidth). We also verify that thg number of NRT users accepted
We notice thereafter that the number of RT HC acceptelﬁ]Creases vyheanp_NRTlncreases as this parameter keeps

decreases as it depends on the number of preemptionst,In faVR T USers in the LTE system

the more preemptions is performed, the higher number of RD, CAC mechanisms comparaison

HC accepted is obtained in the LTE system. However, as the

RT HCs have the highest priority, we note that the et of

the number of calls accepted of this type does not exce gure 11 represents the average number of RT NC and RT
0,
0.9%. . HC users accepted when using FCAC_P, FCAC, BCAC,
2) Investigation of BRnc_rt MSCAC and CBECAC.
In this section, we mvestlgate'the influence of thecking Note that our proposed mechanisms provide the highest
rate for RT NC BRnc_r). We notice on the one hand that the ,ymper of RT calls accepted because our CAC mechanism is
number of RT NCs slightly decreases when increasingeipe since it uses using different blocking rates. Mo,

BRnc_rt(see Figure 9). _ it gives priority to RT users and reduces of the numifer o
On the other hand, the number of RT HCs increases as thigcented users having bad channel. In fact, when the dhanne

type of calls has the highest priority and therefore itpranit quality is bad, users cannot use efficient MCS and thezef

from the increase of the blocking probability of RT NCs asrequire more PRBs (see Table I). We also verify thaAECP

well as from the preemption algorithm applied on NRT calls. ¢orves more RT users than FCAC: thanks to the preEmption
algorithm that expands the bandwidth allocated to users
having higher priority.

Fig. 11. Number of RT users accepted for different CAC

We now compare the performance of different CAC
echanisms.



Figure 14 represents the number of NRT users accepted fof services. Moreover, this flexible CAC mechanism takes
the different CAC mechanisms.We note that FCAC_P anéhto account the congestion periods and does not toggjiyt
FCAC provide almost the same number of NRT usersiser calls before profiting from the whole bandwidth.

accepted compared to BCAC; thanks to the parantet&RT
that provides resources to this type of calls in spitehef
favoritism given to the RT calls by our FCAC mechanism.
Finally, we notice that CBECAC serves more NRT users tha

Moreover, our CAC mechanisms provide the highest system
throughput as they take into account the quality of channel
when deciding to accept a call and use dynamic thresholds of
bandwidth.

MSCALC. In fact, on the one hand CBECAC uses Nnp_NRT to In future work, it is interesting to specify the behaviér o
limit the preemption applied to NRT users. On the other handhe CAC when a handoff call comes from another type of
MSCAC applies preemption on users having bad channel amétworks such as Wireless Local Area Networks (WLANS)

these users can be RT users.

[13]. Moreover, we aim to enhance the preemption algorithm
taking into account additional parameters as the channel
quality of preempted users as well as the number of PRBs

BCAC

| MSCAC

W CBECAC

200 - [1]
/ ® FCAC
150 1 FCAC_P
u
100 —// - 5
so 1] 2]
o , , , , -~ (3]
BCAC MSCAC  CBECAC FCAC FCAC_P [4]

Fig. 14. Number of NRT users acceptes for different CACs

From the simultaion results decribed above, we can sd@
that our flexible CAC scheme provides the highest number of
accepted users having higher priorities. However, we thav
check that our CAC mechanism deos not reduce the total
throughput when favoring RT users. (6]

Table IV presents the mean throughput for the different
CAC mechanisms. We note that FCAC_P provides the highest
system throughput because it takes into accont thetyjaél [7]
the channel in its CAC decision. Moreover, its flexibility
characteristic using blocking probabilities allows theesysto
contain a large number of calls accepted. Note that th
enhancement of the system throughput is more important
when increasing the total number of users (1000 useesaohst
of 500 users) as our flexible CAC can easly profit frdra t
diversity of users.

Finally, we observe that BCAC and CBECAC provide low
throughput when the number of users is equal to 100Ceas th |1
CAC mechanisms do not consider the quality of the channel i

their CAC decisions. [11]
TABLE IV. MEAN THROUGHPUT OF THE SYSTEM

[9]

CAC mechanism 500 users 1000 users
BCAC 6.68 Mbit/s 18.03 Mbit/s
MSCAC 6.86 Mbit/s 24.25 Mbit/s
CBECAC 6.93 Mbit/s 23.05 Mbit/s [12]
FCAC 6.58 Mbit/s 24.33 Mbit/s
FCAC P 7.38 Mbit/s 25.96 Mbit/s
V. CONCLUSION

Service providers should ensure total connectivity of theiF1 ]
mobile users especially when a user moves from one retwo
to another while providing the required amount of bandwidth
and avoiding the termination of service.

In this paper, we devised new CAC schemes and evaluated
their performance for RT and NRT classes of serviceTd
system. We showed that FCAC_P benefits from the diversity

already allocated.
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