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Abstract:
characteristic of mesh structure and then utilizes the similarity of signaling transmission path of cells within a

In this paper, a cluster-based location management scheme is introduced, which has fully considered the

cluster to distribute the signaling based on the quasi-multicast fashion to improve location management efficiency
within wireless mesh networks. The numerical result reveals that the proposed scheme has significantly lessened the

signaling cost.

Internet

Key words: wireless mesh network; location management; cluster-based; signaling cost; paging
Cluster , Mesh i Cluster
, , Mesh ’ i
Mesh ; ; Cluster; :
: TP393 A
,Cell Phone
[ ,
, 2
IEEE 802.16 Wimax(worldwide interoperability of microwave access)

Wimax

» Supported by the National Natural Science Foundation of China under Grant No.60603060 (
High-Tech Research and Development Plan of China under Grant No.2007AA01Z206 (
New Century Excellent Talents in University of China under Grant Nos.NECT-07-0109, NECT-08-0739 (
Received 2008-02-03; Revised 2008-05-08; Accepted 2008-12-29

, Mesh
[3]

); the National
(863)); the Program for
)

QbR ol

U

http://www.c-s-a.org.cn



http://www.verypdf.com

Cluster Mesh
,Mesh
(mobile terminal, MT) ,
Mesh ,
(location area, LA) , LA
, LA . 3 :
5] 1] , : 3 ; MT
, [71 (user mobility pattern, UMP) .
, UMP
(8] path ;
[9,10]
[11] Paging , ,
LA [12] MT LA
Mesh
) MT )
Mesh MT /
) " )
Mesh , (base station BS) (subscriber station
. WMN , B
[2,3,16] JWMN
, Mesh
, Mesh , Mesh ,
Cluster Mesh Mesh
Cluster ; ,
1 2 Cluster , Cluster
3 4
1
1(a) Mesh (171 Mesh BS SS.BS
;SS ) BS
BS , 1(b)
Q) EBLEEHATST

1405

[4]

MT

[13]

Mesh

sS)

[14]

Mesh

1(a)

http://www.c-s-a.org.cn


http://www.verypdf.com

1406 Journal of Software \Vol.21, No.6, June 2010

(9
( )554
______ , Mesh BS
7N

I
I 77
Vo \
I g
/, 7
: 7 7 \ S
I /7 (@) 7 \@)
External - - k_ ______ S8,
network |
: 8] SS,
‘r Mesh BS
Backhaul link  —=———=——-—- : Wireless links Users

------------------------------ : Scheduling links

(a) Network topology (b) Scheduling tree with index numbers
(@ (b)
Fig.1 Wireless mesh network architecture
1 Mesh
. , MT
/ MT ring-by-ring .
(simultaneously-paging) (ring-paging) . , BS SS
MT BS MT,
. BS ,
) , LA, BS LA.
. BS LA. ring-k
__': | . 1. Location area ( BS) k .
Aaladalalalslal/ (LA) ring-k 6-k , 6 K LA
ulvl\.: K , LA-k
* : _: L -I' .;‘,-!:T.\\{;Central cell iZ:G. +1=3K" + 3k +1 o Mesh
6061 LA-4 .\LA

Fig.2 Ad4-layer LA in wireless mesh network

9 Mesh 4 LA k SS k-1 SS BS
. [8] MT , .
b MT p , q/6
(9=1-p) . [8] MT t ring-k t+1 ring-(k+1)
1-p 1-p
Pk+1t+1;kt)=—+—=— 1
' )= M
2 Cluster
BS ,BS
BS , Cluster ,  Cluster ,
Mesh . (paging-tree,
P-tree), ) Cluster

Q) TEBPEEEHAIIFUR  http//www.c-s-a.org.cn



http://www.verypdf.com

Cluster Mesh 1407
Cluster Cluster
Cluster
2.1 Cluster
Cluster , LA Cluster.
MT Cluster , Cluster.
,Cluster LA-k , Cluster LA-k LA 7
Cluster, Cluster 6 Cluster. Cluster , Ke. Cluster
Cluster ,
1) Cluster ;
2) Cluster Cell
Cluster , Cluster
1.ke Cluster LA 1/7. , 3
, Ke, Cluster Cluster
70 Cell number in clusters
i3 gg —+—CelINum-C —=— CellNum-Other *
E 40 e
E 30 =
8 20 A/'/
e A ‘
3 4 5 6 7 8 9 10
Number of layers
Fig.3 Comparison of cell number between central and border cluster
3 Cluster Cluster
Ke , ring ring-i(i=k.+1,...,k) Cluster.
1) Ring-1 ;
2) ring-i(i=2,...,k) :
a) i , ring-(i-1) E—'
2
ring-i ;
b) i ’ ring-(i-1) 3 ,
ring-(i-1) ring-i .
h , Cluster Ke Cluster
, 6 , 3
, LA-k Cluster
(D) Cluster;
(2) Ring-ii 1 ko) Cluster;
(3) Ring-k, , ( Cluster;
4) Cluster Cluster.
, Cluster Cell , Cell Cell
4 4 LA Cluster , Cluster,
Cluster ,
Q) DEBPLEEAHIFT  http://www.c-s-a.org.cn



http://www.verypdf.com

1408 Journal of Software \Vol.21, No.6, June 2010

1. Cluster .

: Ke 6-Ke, ket+1 . Cluster
Cluster ketl  ket+l , Ke
3 kel . kel Ke

ketl  ketl

) {M —‘ [k/—l Kc . Cluster
, Cluster [k%—‘

5 Cluster Cluster - LA
. Scale of central cluster
4 J
( < 3 /T —*—Kc
| 1 2 —® Branch
Y 1 = < e
0 "
345678 910
Number of layers
Fig.4 Cluster partition in LA-4 Fig.5 Number of k. and ancestor-node of margin cluster
4 LA-4  Cluster 5 k¢ Cluster
, , 4
, Cluster Cluster
, . , Cluster ,
2.2
MT , LA . MT )
MT . Cluster , Cluster
, MT Cluster . , MT
Cluster; 1 MT Cluster.
2.3
, Cluster . / MT MT
Cluster, , Cluster . , MT Cluster
. Cluster : Cluster,
Cluster / Cluster ; Cluster, Cluster
, MT Cluster MT
, Cluster
, Cluster

Q) TEBPELEEHAIIFUR  http//www.c-s-a.org.cn



http://www.verypdf.com

Cluster Mesh 1409
2.4 Cluster
2.1 Cluster , LA
, P-tree, Cluster
Cluster , Cluster ,
, Cluster ,
Q) Cluster ;
(2) ,
Cluster P-tree
Cluster Cluster P-tree 6
_Location area
1 /A
Fig.6 Topological structure of partial P-tree relative of a border cluster
6 Cluster P-tree
,P-tree , Mesh
P-tree ,
, A , A
Mesh ) '
3
Cluster Mesh
3.1
MT Cluster
Cluster , Cluster Cluster , MT ,
Cluster ; Cluster Cluster ,
3 Cluster , Cluster
, , Cluster 1 MT
, Cluster 2
Cluster , MT Cluster , MT
, Cluster
Q) TEBPELEEHAIIFUR  http//www.c-s-a.org.cn



http://www.verypdf.com

1410 Journal of Software \Vol.21, No.6, June 2010

3.1.1 Cluster

Cluster ) '
2.4 , Cluster ,
COStP,centraI
COStP,centraI:O-P‘CEIINumCentraI"'UH‘(CEIINumCentral_l) (2)
,Op cell , Ol Mesh ,
kc
Cluster CellNum, =" 6i +1=3kZ +3k, +1.
i=1
Cluster Cluster ,
, Cluster
Cluster P‘%w , Ke Cluster ; | Cluster
c:OStP,ma\rgin
k
CoStp yargin = 0p - CElINUM, o0 + 0y (kc { %—‘ + CeIINummarginj 3)
,CelINUMyargin Cluster , Cluster
k _
Ce”Nummargin — | — M .
i kc+1 2
3.12 MT Cluster
MT MT Cluster . Cluster
) ) ,  Cluster
MT . MT p’ Cluster,
Cluster
Cluster 0~5, Cluster 6, MT Cluster
1.
Table 1 MT’s transition probabilities matrix among clusters
1 MT Cluster
0 1 2 3 4 5 6
, 1-p 1-p 1-p'
0 p A 0 0 0 A A
1-p' , 1-p 1-p'
1 % p % 0 0 0 %
1-p' . 1-p 1-p'
2 0 g o 78 0 A
1-p , 1-p' 1-p'
3 0 0 A" 8 A
1-p . 1-p 1-p'
4 0 0 0 % p % %
1-p' 1-p' , 1-p'
5 % 0 0 0 % p %
1-p' 1-p' 1-p' 1-p 1-p' 1-p .
o |Vhg TR Yhe YR YRR YP w
MT Cluster , Cluster 1, Cluster
Cluster 2 3  Cluster 3 .MT Markov
0 1 2 .7 Markov , 1 00,1,04.2, 0,1, 51,2
MT Cluster Po,P1,P,. Cluster ( 1), MT Cluster

Q) TEBPELEEHAIIFUR  http//www.c-s-a.org.cn



http://www.verypdf.com

Cluster Mesh 1411

i
, 2. Markov , Pz =R = B - , MT
P+PR+P=1
Po,P1,P,.
Fig.7 Markov chain between cluster-ring
7 Cluster-Ring Markov
Table 2 MT’s transition probabilities matrix among cluster-rings
2 MT Cluster-Ring( )
1 2
0 - (1-p) 0
1 A p) - = p)
2 0 % - -
MT Cluster Cluster 1 Cluster 2, 0
1 ,  MT Cluster Markov . MT
P central, Pmargin-
3.13
MT Cluster, Costp from central
Costp from margin- MT Cluster . 3 , 1 MT,
Costp margin; 2 , Cluster 3 Cluster
; ) Cluster . ,
Costp trom margin = P, 'COStp,margm + P, - (Costy e + 3Costp‘margm) +P, - (Costy oy + 6Costp‘margin) 4)
., MT Cluster 3 Costp from central-
, MT Cluster
€08ty fromcentrat = Preentral - COStp centrat + Prvargin [% (Costy cengrar +3COStp argin) + %(COStP,central + GCOSIP,margin):‘ (%)
3 3 2 . ,
( 3.2 ). , :
€05ty frommargin = Po - COStp margin + (R + P,)(Costy sonprar + GCOStP,margin) (6)
CoSty from central = Prentrat - COSte contrar + Pmargin (Costy onrar + 6C05tpvmargin) )
, MT / Cluster
LA . , Mesh Cluster
COStP,Average %ﬁi::w ' COStP,from central T %ﬂkj\ ! COStP,from margin (8)
CellNuMcengran, CelINUMpargin -~ CellNumy, Cluster Cluster LA

Q) TEBPELEEHAIIFUR  http//www.c-s-a.org.cn



http://www.verypdf.com

1412 Journal of Software Vol.21, No.6, June 2010
3.2
, Cluster , 3.1.2 MT
Cluster , MT , Cluster
3.2.1 Cluster
24 ,P-tree
Cluster ,
, Cluster
, Cluster , Ke; Cluster
K. Dp, BSI/SS
Dy :
Delayp centrai=Dp+kc-Dy 9)
Delayp margin=Dp+k-Dy (10)
3.2.2
MT Cluster, , Delayp from central
Delayp from margin- MT Cluster 1 MT,
Delayp margin; : Cluster Cluster
MT Cluster, 1 Delayp central;

l DEIayP,margin-

Delay P, from central =

DelayP,from margin = PO : DEIaYP,margin + Pl : [DelayP,margin + maX(DeIaYP,central ! DelayP,margin)] + (11)
P2 : [DEIaYP,margin +2- max(DEIayP,centraI’ DEIayP,margin )]

P

central

P

: DEIayP,central + margin

1 1
: [E(DEIayP,cemral + DEIayP,margin) + E(DelayP‘central + 2De|ayP,margin):l (12)

’ . 1

| (13)

DeIaYP,from margin = PO : DelayP,margin + (Pl + Pz) : [DEIayP,margin + max( DelayP,central ’ DelayP,margin )]
Delay P,from central = |:>central : DEIayP,centraI + Pmargin : (DeIaYP,centraI + DelayP,margin) (14)
, Mesh Cluster
CellNum CellNum,.,,i»
DelavaAVETage WU;:T \ DelayP,from central T Wuma" . DelayP,from margin (15)
4
3 , Cluster ,
Cluster : , \
MT LA ; ) )
1 LA k; 2.1 Cluster
ke; 3.1 cell Op, Mesh
OH; 3.2 Dp, BS/SS
Dp.
[14,21], :0p=1,01,=0.6,Dp=1,D4=0.6. LA 3~10
Q) TEBPELEEHAIIFUR  http//www.c-s-a.org.cn



http://www.verypdf.com

1413

Cluster Mesh
41 3
8 3 3 Cluster
, LA , ;
LA LA-10, Cluster 78.42% 55.91%. LA
3 ) 52.81% 26.72%
Cluster Mesh 3 ,
9 ) , , Cluster ,
. LA-3 , Cluster ; LA ,
44.51%
, 8 9 , ;
1200 Comparison of paging cost 30 Comparison of paging delay
—=—Static Dynamic ——Cluster-Base —=—Static Dynamic —+—Cluster-Based
1000 25 -
800 20
@ / >
§ 600 < 15
/ D
400 —— 10 /4
‘. 5 - m —
0 1 1 1 O L L L Il Il Il
3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
Number of layers Number of layers
Fig.8 Comparison of paging cost among schemes Fig.9 Comparison of paging delay among schemes
8 9
4.2
, 3 3 /
10 11 . 3 Cluster
, 23% 16%
1200 Cost of two-stages paging scheme b Delay of two-stages paging scheme
—=—Static  Dynamic ——Cluster-Based —=Static  Dynamic ——Cluster-Based
1000 25 —
800 20
g / P
S 600 @
(&) <
(&)
400 / , 10 —
200 " 5 _______4@—4
0 ‘ A s ‘ ‘ ‘ 0 A . ‘ ‘ ‘ ‘ s
3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10

Number of layers
Fig.10 Comparison of cost of two-phase
paging schemes
10

Number of layers

Fig.11 Comparison of delay of two-phase

paging schemes
11

Q) TEBPELEEHAIIFUR  http//www.c-s-a.org.cn



http://www.verypdf.com

1414 Journal of Software \Vol.21, No.6, June 2010

5
Mesh , . Mesh
Cluster ; LA  Cluster, P-tree ,
Mesh , Mesh ;
; Mesh , . ,
Mesh Cluster
References:

[1] Keshav S. Why cell phones will dominate the future Internet. ACM SIGCOMM Computer Communication Review, 2005,35(2):
83-86. [doi: 10.1145/1064413.1064425]

[2] Akyildiz IF, Ho JSM, Wang WY. Mobility management in next-generation wireless systems. Proc. of the IEEE,
1999,87(8):1347-1384.[doi: 10.1109/5.775420]

[3] Jun ], Sichitiu ML. The nominal capacity of wireless mesh networks. IEEE Wireless Communications, 2003,10(8):8-14.

[4] Rose C. Minimizing the average cost of paging and registration: A timer-based method. Wireless Networks, 1996,2(2):109-116.
[doi: 10.1007/BF01225634]

[5] Akyildiz IF, Ho JSM, Lin YB. Movement-Based location update and selective paging for PCS networks. IEEE/ACM Trans. on
Networking, 1996,4(4):629-638. [doi: 10.1109/90.532871]

[6] Madhow U, Honig ML, Steiglitz K. Optimization of wireless resources for personal communications mobility tracking. IEEE/ACM
Trans. on Networking, 1995,3(6):698—707. [doi: 10.1109/90.477716]

[7] Cayirci E, Akyildiz IF. User mobility pattern scheme for location update and paging in wireless systems. IEEE Trans. on Mobile
Computing, 2002,1(3):236-247. [doi: 10.1109/TMC.2002.1081758]

[8] Liu ZK, Bui TD. Dynamical mobile terminal location registration in wireless PCS networks. IEEE Trans. on Mobile Computing,
2005,4(6):630-640. [doi: 10.1109/TMC.2005.88]

[91 Hwang HW, Chang MF, Tseng CC. A direction-based location update scheme with a line-paging strategy for PCS networks. IEEE
Communications Letters, 2000,4(5):149-151. [doi: 10.1109/4234.846494]

[10] Rose C. State-Based paging/registration: A greedy technique. IEEE Trans. on Vehicular Technology, 1999,48(1):166-173. [doi:
10.1109/25.740083]

[11] Gu DQ, Rappaport SS. A dynamic location tracking strategy for mobile communication systems. In: Proc. of the IEEE Vehicular
Technology Conf. 1998. 259-263. http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=686575

[12] Kim HO, Kim WJ, Suh YJ. Distance and direction based location update with sectional ring paging scheme. In: Proc. of the
IEEE/IFIP Int’l Conf. on Embedded and Ubiquitous Computing. 2004. 859-868. http://www.informatik.uni-trier.de/~ley/db/
conf/euc/euc2004.html

[13] Naor Z. Tracking mobile users with uncertain parameters. Wireless Networks, 2003,9(6):637-646. [doi: 10.1023/A:1025960502
871]

[14] Hu WQ, Zou SH, Cheng SD. A study of new challenge on location management in WiMAX mesh networks. In: Muntean GM,
Brennan C, Sadleir R, eds. Proc. of the China-Ireland Int’l Conf. on Information and Communications Technologies. 2007.
691-698.

[15] Wei D, Chan HA, Rawoot MB. Hybrid routing protocol to decrease delay and to extend lifetime for mesh networks. Information
Technology Journal, 2007,6(4):518-525. [doi: 10.3923/itj.2007.518.525]

[16] Bisnik N, Abouzeid A. Delay and throughput in random access wireless mesh networks. In: Proc. of the IEEE Int’l Conf. on
Communications. Istanbul, 2006. 403-408. http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=4024151

[17] Cheng SM, Lin P, Huang DW, Yang SR. A study on distributed/centralized scheduling for wireless mesh network. In: Proc. of the
2006 Int’l Conf. on Communications and Mobile Computing. New York: ACM Press, 2006. 599-604. http://portal.acm.org/
citation.cfm?id=1143668

Q) TEBPELEEHAIIFUR  http//www.c-s-a.org.cn



http://www.verypdf.com

[18]

[19]

[20]

[21]

[19]

[20]

Cluster Mesh 1415

Akyildiz IF, Lin YB, Lai WR, Chen RJ. A new random walk model for PCS networks. IEEE Journal on Selected Areas in
Communications, 2000,18(7):1254-1260. [doi: 10.1109/49.857925]

Wang L, Zhang NT. A dynamic location updating management scheme in low earth orbit networks. Journal of Software,
2003,14(12):2045-2051 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/14/2045.htm

Zhu YH, Xiao G, Shi DH, Gao J. A location management strategy with layered cells and terminal paging in probability order. Acta
Electronica Sinica, 2004,32(11):1810-1814 (in Chinese with English abstract).

Xie H, Tabbane S, Goodman DJ. Dynamic location area management and performance analysis. In: Proc. of the IEEE Vehicular
Technology Conf. 1993. 536-539. http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=507529

, . . ,2003,14(12):2045-2051. http://www.jos.org.cn/1000-9825/
14/2045.htm

. . . ,2004,32(11):1810-1814.

(1975 ), , , . (1978 ), , , ,

(1978 ), , CCF (1963 ), ,  ,CCF ,

(1940 ), ,

Q) TEBPELEEHAIIFUR  http//www.c-s-a.org.cn



http://www.verypdf.com

