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Application of Fuzzy Logic and Different Priorities
for CAC in Wireless Cellular Networks

Taku IkeBata ™ Gyerait Mivo 1 Leonarp Barorur 1
and AKI KOYAMA f3

The mobile cellular systems are expected to support multiple services with guaranteed
Quality of Service (QoS). But, the ability of wireless systems to accommodate expected
growth of tréfic load and broadband services is limited by available radio frequency spec-
trum. Call Admission Control (CAC) is one of the resource management functions, which
regulates network access to ensure QoS provisioning. However, the decision for CAC is
very challenging issue due to user mobility, limited radio spectrum, and multimettia tra
characteristics. In our previous work, we proposed a fuzzy-based CAC system by con-
sidering the priority of the on-going connections. In this work, we extend our work by
adding diferent priorities. We evaluate by simulations the performance of the proposed
system. From the simulations results, we conclude that the proposed system makes a good
differentation for dferent services compared with previous system.
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SCCO Shadow Cluster Concépl 0 0 0 0000000000000 O0OOOOOOO
000000 (oo)U00oUoUoUoUOoOo0o0oOooOOoOoOooOoOOOoOOOOODOOOODOO
010000000000000 Shadow(OOOOOO)DOOO0OO O Shadowd OO0
Jgo0o0o00oo0ob00oo0ob0obo0oUobOOooDOoooOOoboOUObDoUoOoUODOoDOoDOD
Jobooobob0ob0obOO0DO0oDobOO0bO0bOO0ODOO0ODbOOoODbOOoDOoDOoDOobDO
Shadowl 0000000000000 0000000000000000O0O000OO0O
goboobooooobobooboboooboob0oobooboobDoobooooo
000bO0o0o0bO0DO0ooO00O00U00b QesUboooooboUobobo
gobooobobooobooboooboboobooboobboooboobooooo
goobooobooooboboooobobooobooobobuooooog
000000000000 0000 Shadowd OOOOOOOOO0OO0OO0OOOQO Shadow
00000000 ShadowOOOOOOOOOOOOO (DOoOoOoOoOoOooOoOOOoOoO

© 2010 Information Processing Society of Japan



gpooooooobogo
IPSJSIG Technical Report

0O 1 Shadev Cluster Concepf] O O

Oo0o0oooOoOoOOOOoOODOOOOODO)000O0O0O0D0O0ODODOOODODOOOOOOO0
0000 Shadowd OOO0OOOO0OOOO0OO0OOOOOOOOOOOOOOOOOOOOOO
000000000000000000000000000O0O0O0OOO%O

32 JOOOoOgo

gooooobobooooooooboboooooUoobobobDobDUobobobo
gobooooooooooboboboboboooooboobobobobobDoboooo
gbooooooobooboogobooboboboboooOooOoboboooDOoboOobooo
O0000000000000000000000 RTC(real time counter] 0 O NRTC(non
realtimecounter) D00 0000000000000 OOODOOOOOOOOOO Counter
000000990

4. 0J0OO0OO0OO

0000000000 FLCO Fuzzy Logic Controlled D 0 0 OO OO0OO0O0OOFLCOODO
0o000o0oooooooooo0ooooooorLCOOOO0OO0ODODODOOOOOOOO
gbooobooobooboooobooboboobooboobobbooboobOoo
gbooooobobooobooboooobooobobooboobboboooooobo
o000 QoeSOUOUOObOOoUOboOUOUObDoOoOoooUoboboOooo

4.1 Fuzzy Logic Controller

020 FLCOOOUOOODOOO0OCOOODOO00OO0DOO0O0O0O0O0O0OODOOFRuzzifiero O
00000000000 00O00000000000U0U0O0FRBO Fuzzy RuleBaseO OO
000000000 FIE(Fuzzy Inference Engingd 0000000000 O0OQO Defuzzifier

Vol.2010-DPS-143 No.8
Vol.2010-MBL-54 No.8
2010/5/20

Input Output

. N Inference N .
Fuzzifier F— Engine _\/Defu22|ﬁer

il

Fuzzy
Rule Base

02 FLCOOO

gbobooobobooog

42 O00OOOOOCOOO

0000000000 300000000000 SOSpeedd0ATOANgle 00000
00 FLCilOOOOOOOFLClOOOOUOUODOODOUOOUODOUDOUODUODUODUODRDOO
000000000 00oOoooon Cv(Correctionvaluel 00O OODOO0OOOOOOO
O0000O0O0O0ODODOOOODDOOODODOOOO Up(Userpriorityl 000000000
O Sp(Service priority]) 00000000 OOOO Cp(Connection priorityl 000000
O FLC20000000FLC2000000000000000000000 P(Priority)O
O0000OCvO POOODOOOOODOODODOODODO Cs(Counter statd) O FLC3O OO
0000000000000 00000000 A/R(Accept/Rejectl 0D DO OODOOO
Accept0 D0 00O DOO0O0ODODDODOO Requestl 000 OO0 Ds(Differentiated service)
RTCO Real Time Countéf 0 NRTCO Non Real Time Countet0 00000000000
goobooodobodobobooboobuoobooboobooboboboboobbobo
000 Counterl OO0 0000000000000 0OOOOOOOOODOODOOOOOOO
43 FLCOOO

431 FLC1OODO

FLC1OUOOO FRB1OOD 40000000C00O0ODODOOOOOOOOOOOOOOOD
0000 21000000000000000000000O00O0O Speed] 00 00OANgle
gooobooboobooobobooobooboooboboobobobooboobooo
000000 3x 7=21000000000FRB1OOO 10000

432 FLC200DO

FLC20000 FRB2OO 50000000COO0ODOO0OO0ODOOOOOODOOO
O00O0O00bOOO00DOOOuUpObOOUOOCpUOOORpOOOODOUOOOOODO
000000DOO00DbOOo 27rO000D00O0OO0OFRB2O000O 20000

© 2010 Information Processing Society of Japan



Vol.2010-DPS-143 No.8
oooooooooo Vol.2010-MBL-54 No.8

IPSJSIG Technical Report 2010/5/20

S Cv

User A FLC1

0 1 FRBLO Up| Cp|Sp
Cv Cv

Rule | Speed| Angle Rule | Speed| Angle

1 Sl Bl Cv2 12 M R1 Cv3 FL C2 p Accept

2 Sl L1 Cv3 13 M R2 Cv3 = K

3 S| L2 cvd | 14 M B2 | cvi Cs FL C3 /Reject

4 Sl S Cv7 15 Fa B1 Cvl

5 Sl R1 Cv4 16 Fa L1 Cv2 - Ds

6 S| Rz o3| 17 | Fa L2 | cw RTC

7 Sl B2 Cv2 18 Fa S Cv9

8 M Bl | cvi| 19 Fa R1 | cv3 NRTC

9 M L1 | cw3 | 20 Fa R2 | cv2 03 goooooo

10 M L2 Cv3 21 Fa B2 Cvl

11 M S Cv9

. SI M F . B1 L1 L2 St R1 R2 B2
2 K
o5 =05
% 30 60 12t ,? 0 -135 -90 —45 0 45 920 135 1
0 2 FRB20 s A

Rule | Up | Cp | Sp P Rule | Up | Cp | Sp| P (@) (b)

1 Lp [sh| T [Pe] 15 [ Mp [ M | Vi]Pa

2 Lp Sh Vo P5 16 Mp Lo T P3 . Cvi CvZ Cv3 Cv4 Cv5 Cv6 Cv7 Cv8 Cvo

3 Lp Sh Vi P4 17 Mp Lo Vo P4

4 Lp | Mi | T |P5| 18 | Mp | Lo | Vi | P3 3

5 Lp Mi Vo P3 19 Hp Sh T P8 0.5

6 Lp Mi Vi P2 20 Hp Sh | Vo P9

7 lp | Lo | T |P4a| 21 | Hp | sh| Vi | P9

8 Lp | Lo | Vo | P2 22 Hp | Mi T P7 %07 02z 03 04 05 06 07 08 09

9 lp | Lo | Vi |[PL| 23 | Hp | Mi | Vo | P8 ov

0 | Mp | sh| T |P5| 24 | Hp | Mi | Vi | P9 ©

11 Mp Sh | Vo P6 25 Hp Lo T P6 04 FLC1OOOOOOOOOO

12 Mp Sh Vi P5 26 Hp Lo Vo P7

13 [ Mp | M | T |Pa| 27 | Hp| Lo | vi| P8 433 FLC3OOO

14 Mp | Mi | Vo | P5 FLC3OUOOO FRB3OO 600000000 OODOODDOODDOOODOODOOODO

ooo0027y00000000000O0O0DOOO0O0O0O0O0O0O0O0O0O0CvO0O0O0O0OPOOO
OO0OCsOO00OO0O0000O00DOODOO0O0O0O0Ob0000DO0O0 2700000000 0OFRB3
ooo 30000

4 © 2010 Information Processing Society of Japan




gpooooooobogo
IPSJSIG Technical Report

Lp Mp Hp sh Mi Lo

1 Up)

1(Sp)

Up

@

Cp

(b)

Vi

1P

P1

P2 P3 P4 P5 P6 P7 P8 P9

(c) (d)

05 FLC20000000000

5. 00oOooooooo

0000000000000 000000o0Uo0oooDo0120kmhlO00O0O0OOODO
00-180° 01800000000 OOOODODO 0U10kmOOOOOOO 105010BUIOO
O000000000000000 TextOVoiceOVideoO OO OOOOOOOOOOOODOO

0 O Text=1[BU]O Voice=5[BU]0 Video=10[BU]OO 0 000000000000 40[BUJ(RTO

NRTOOOOOO)O0DOOOOO

51 0000000000

O700000000CO00O0O0O000OCOOODODOODOOO 800000000000
gooboobooodooooooooooooooboOoboOooboboOoboOoOooooooooDoo
O000000000000000 TextO Woiced MovieOOOOOOOODOOOOOOO
ocoooooooooooooooyooOOOOOOOODOOOOOOODOOODOOO
O0000000000000o000oo00oo0o0ooO0o0ooOoooooOoOon Voice
000000000 0O0000O0oO0oooooOoooooOoOoCOMovieODOOOOO

Vol.2010-DPS-143 No.8
Vol.2010-MBL-54 No.8
2010/5/20

0 05 0 0.5
cv P

@ (b)

Sm Md Fu R WR  NRNA WA A

1(Cs)

05 = -06 -0.3 0
Cs A/R

(c) (d)

06 FLC3OOOOOOOOOO

03 08

0000000000 TextOOODOOOOOOOOOOO0OOOTextOOOooooooooQ
goboooboOooooooobooooobooobooooobooooObooooboo

6. 0 O 0O

gobooooboooooboooooooooooboooooooooooooooon
goooboooooooooobooooboooooobooooooooobooooooon
gobooooooooooooooooooobooobobooooooobooooooon
goooboooooooooooboooooobooboobOboOo0ooooOoCcOoOoboOooOooDon
gooobooboooooooooobooooooooooooboboooooooDobooOooooboon
gooooooooboooooboooooobooOobOoboLobobOOOoOooboOoDOboOoOoOoOoDboo
oooooboooooooooboooooooOoOoOobOOobOO0b0OoOooooOboOoOoooOooDon
goooooobooooboobooobooooooobooooDooboo
0000000000000 FRBOOOOOOOOOOOOOOOODODOOODODD
ooboooooooon

© 2010 Information Processing Society of Japan




gpooooooobogo
IPSJSIG Technical Report

0 3 FRB3O

Rule | Cv P Cs | AOB Rule | Cv P Cs | AOB
1 B Lwp | Sm WA 15 N Mdp Fu NRNA
2 B Lwp | Md NRNA 16 N Hgp | Sm A
3 B Lwp Fu WR 17 N Hgp | Md NRNA
4 B Mdp | Sm A 18 N Hgp Fu NRNA
5 B Mdp | Md NRNA 19 G Lwp | Sm A
6 B Mdp | Fu WR 20 G Lwp | Md A
7 B Hgp | Sm A 21 G Lwp Fu R
8 B Hgp | Md NRNA 22 G Mdp | Sm A
9 B Hgp Fu NRNA 23 G Mdp | Md A
10 N Lwp | Sm WA 24 G Mdp Fu WR
11 N Lwp | Md NRNA 25 G Hgp | Sm A
12 N Lwp Fu | NRMA 26 G Hgp | Md A
13 N Mdp | Sm A 27 G Hgp Fu | NRMA
14 N Mdp | Md NRNA

Percentage of Accepted Calls

20

30

40

30 60

70
Number of Requesting Connections
07 0000000O000O00O0O000

80

Vol.2010-DPS-143 No.8
Vol.2010-MBL-54 No.8
2010/5/20

20 1 —B— Text ||
—*—\oice

—©—Video

Percentage of Accepted Calls

0
0 10 20 30 40 50 60 70 80 90 100

Number of Requesting Connections
08 OD0OO0OOODODOOOOOOOOOO

o o 0O 0O

1) O000* OD000OO00 QoS00 "O UOOOO 2001.

2) 00 000" 0000000000000 0ooooOo "0 ooooo 1994.D.A.

3) 00000 OO00O0O0OD0ODOO"0 O0O0OOoOooo 1989.

4) D.A.LevineOet. al0* A Resource Estimation and Call Admission Algorithm for Shadow
Cluster Conceptd IEEE/ACM Transactions On Networking, Vol.5, No.1, pp.1-12, 1997.

5) Gj.MinoO L. Barolli A. DurresiO F. XhafaO A. KoyamalO “ A Fuzzy-based Call Ad-
mission Control Scheme for Wireless Cellular Networks Considering Priority of On-going
Connections O Proc. of ICDCS-2009 WorkshopsIMINSA-20090 Montreald Canadall
pp. 380-387 June 2009

6) Gj. MinoO L. Barolli F. Xhafdl A. Durresil A. KoyamalO “ Performance Evaluation
of a Fuzzy-based CAC Scheme for Wireless Cellular Networks: A Case Study Considering
Priority of On-going Connectiorig] International Journal of Business Intelligence and Data
Miningd Vol. 50 No. 30 pp. 269-284, 2010

© 2010 Information Processing Society of Japan



