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Abstract—Multi-tier network consists of multiple access net- sumption in multi-tier network were analyzed in detail.
works, which are complimentary to each other, from the aspect SR and MR were extended to power-efficient SR (PSR)
of mobility support, service coverage area, transmission band- and power-efficient MR (PMR), respectively, by considering
width, energy consumption, etc. In previous works on multi-tier . - ’ T

network, most of them deal with two access networks. Also the energy consumption W'th,SR and MR. Also, (.efflment. power
performance of multi-tier location management was analyzed, management (EPM) was introduced, where wireless interface
from the aspect of signaling load or energy consumption. In this of low-tier network is turned off and only turned on when
paper, we extend previous works on energy consumption of two- there is an incoming call to the wireless interface. However,
tier network by considering three access network. Analytical only two networks were considered in [7] and works for

model for mobility and traffic characteristics of MSs in three- . .
tier network is developed and the performance of location man- multiple networks with more than two networks were left

agement in three-tier network is analyzed in detail by showing as future work, which is not trivial. In this paper, we extend
the effect of various parameters on the energy consumption of our previous work by considering three networks. Then we

MSs. develop energy consumption of SR, MR, PSR, PMR, and
EPM in three-tier network.

Index Terms—Energy Consumption, Three-Tier Network, Per-

formance Analysis The rest of this paper is organized as follows: Section 2 devel-
ops mathematical model of mobility and traffic characteristics
of MSs and analyze energy consumption of SR, MR, PSR,
PMR, and EPM. Numerical results are presented in Section 3.
conclusions and future works are presented in Section

[. Introduction

Multi-tier network consists of multiple access networkgz'na”y'
which are complimentary to each other, from the aspect of
mobility support, service coverage area, transmission band-
vv_idth, energy consumptio_n, etc. I_n multi—tier network a Moy, Performance Analysis
bile station (MS) has multiple radio interfaces corresponding

to multiple access networks. In order to support mobility afigure 1 shows a simple logical three-tier network architec-
an MS in multi-tier network, multi-tier location managemeniyre, which consists of low-tier, medium-tier, and high-tier
has been proposed [1] - [3], where single registration (SRtworks with multi-tier home location register (MHLR).

and multi registration (MR) are proposed. In SR, MSs updatfigh tier network covers the whole service area. Within a
the registration area (RA) of only one of available accesggh-tier network, medium-tier networks are placed in a non-
networks. In MR, on the other hand, MSs update the RAs gbntiguous way. Likewise, low-tier networks are placed in
all available access networks simultaneously [1] - [3].  a non-contiguous way within a medium-tier network. MSs

: . . move across the boundary of these networks.
In previous works on multi-tier location management, most

of them deal with two access networks [1], [2] and the
performance of SR and MR was analyzed, from the aspect
of signaling load. In [3], although the authors considered
three networks, the main focus of their work is to analyze
the signaling load of SR and MR, too. Recently, energy con-
sumption of MSs in multi-tier network has been considered as
one of the most important issues in multi-tier network since
MSs with multiple radio interfaces consume battery power
significantly [4] - [6]. In these works [4] - [6], however,
the main focus is to reduce energy consumption of MSs by
turning off idle WLAN interface as much as possible, and
little attention has been paid to mobility management.

MHLR

Common backbone network

High-tier network

In our previous work [7], signaling load and energy con- G rowiermn (D Medumeternn () Hiohtier a
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For performance analysis, we make the following assumBased on the above equations, the expectatior®,gf and

tions for mobility and traffic characteristics of MSs: Cm are obtained as follows:
2
« The total number of medium-tier RAs crossed by an MS E[Ry] = E[Cy] = BT = i (6)
during the residence time of a high-tier RA M/ f. 2E[Tu]

o The total number of low-tier RAs crossed by an MS ) ) _ _ o
during the residence time of a medium-tier RANS, . The expected time that low-tier, medium-tier, and high-tier

. Low tier, medium-tier, and high-tier call arrivals to annetworks are available to an MS is denotedf8x] and is
MS follow a Poisson arrival with parameteks,, \y;, ©btained as follows:

and Ay, respectively. El9 — ER
; ; : ; N = + Truom(Nyg — 1) + C
. Call durations of low-tier, medium-tier, and high-tier (Br1] N[ mm+1 mn(Nariz = 1) + G}
calls follow an exponential distribution with parameters = MHET- 7
with pr, par, andpg, respectively. Hmm

« Residence time of low-tier, medium-tier, and high-tiefhe expected time that only medium-tier and high-tier net-
RA follows exponential distribution with parametgy, Works are available to an MS is denoted &§/] and is

tm, andpp,, respectively. obtained as follows:
To analyze the mobility of MSs, a timing diagram is consid- Elbn] = E[(Bu+Tu(Nem —1) + Cu)Narn]
ered, as shown in Fig. 2, where we assume that an MS moves _ (Vv + DNaru @)
from left to right and moves across various RAs. In Fig. Mt

2, Hn, Mn, and Ln represent — th high-tier, medium-tier, The expected time that only high-tier networks are available

and low-tier RAs.T;; and Ty, represent the time durationto an MS is denoted a&[f;] and is obtained as follows:
between two consecutive entries of low-tier RA and medium-

tier, respectivelyI; represents the residence time of low-tier El0L] = E[NNrmNun]
RA. The stationary time duration between the entry of a high- _ NemNyw 9)
tier RA and the entry of first medium-tier RA within the high- ]

tier RA, R,..., can be modeled as residual time of the time
duration between two consecutive entries of medium-tier R¥e denote the probability that an MS resides in low-tier,

as follows [8]: medium-tier, and high-tier RAs is denoted ag, 7,;, and
1—Fr_(b) g, respectively, and can be obtained as follows:
FRyp () = —mm— 1)
E[Tmm] 1 = [GL] (10)
Similarly, the stationary time duration between the exit of Efy] + E[0n] + E[0L]
a last medium-tier RA and the entry of a new high-tier B E[0] 11
RA, Cmm, can be modeled as elapsed time of the time ™= E[0x]) + E[fx] + E[01) (11)
duration between two consecutive entries of medium-tier RA E[05]
as follows [8]: "= FOn T Bl + Bl (12)
fernn(t) = T nl) @ | - |
(Trum) Energy consumption of SR is derived as follows:
Based on the above equations, the expectatiorf®,gf, and Ar | Au /\L .
C,m are obtained as follows: Esp = (— — )7t Pyctive
BT ] ) KH \ HM/\ B \
_ _ H M L H
E[Rmm] [ mm] QE[T ] ,Umm. (3) + (]- LH + Y + L, )WH)Pzdle
Similarly, the stationary time duration between the entry of n (A_H n Am n >\L) wPM
a medium-tier RA and the entry of first low-tier RA within WH UM AL active
the medium-tier RAR;;, can be modeled as residual time of +o- Am n Am n A_L) ypM
the time duration between two consecutive entries of low-tier wm | par g M) dle
RA as follows [8]: N (>\_H N Am N A_L)TLPaLdive
fR ( ) — 1- FTll(t) (4) 13;:3 Har ML
1l *
. o B | T L N L
Similarly, the stationary time duration between the exit of a BH MM BL
last low-tier RA and the exit of medium-tier RA;, can be where Pﬁtwe' P(f\c/:[twe' and PaLctwe represent power con-
modeled as elapsed time of the time duration between tWgmption of an MS ofactive state with high-tier, medium-
consecutive entries of low-tier RA as follows [8]: tier, and low-tier interfaces, respectively. AlsB,., P,
1—Fp,(t) and P%,. represent power consumption of an MS idfe
foult) = E[Ty] - ) state with high-tier, medium-tier, and low-tier interfaces,
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Fig. 2. Timing diagram.
; : A A A A
respectively. _Energy consumption of PSR, MR, PMR, ang.p,, = ((_H + M _L)WH) + _H(FM +mL))PH
EPM are derived as follows: MH/\ MM/\ ML \ ,UBS\
H M L H
AH AM AL H + (]‘__+_ +_)7TH_ _(WM+7TL)))Pi€lIle
Epsrp = (/1'_ + /1'_ ,u_)ﬂ-HPactive A fom far )\HL na
H M L M L
AH AM AL H + _WMP(%ive + _ﬂ-M‘PaLctive (17)
+ (1——+—+—)7TH—7TM—7TL)PM[€ 1237 Br
HH  BM MBL
AT QP T AT IIl. Numerical Examples
BH  BM ML
+o(a- AH n Am n A—L)ﬂ'M g —mp)pM FOr numerical examples, default parameter values for mo-
LH MM ML ‘le bility and traffic characteristics and power consumption are
A A A i [ ) = =
+ (_H L AM —L)WLPaLctive (14) defined in Tables 1 and 2. Als&V; s = 10 and Ny g =5
UH UM L are assumed.
A A A
+ =M Ay rm— ) Ph. TABLE |
KH 1237 199 PARAMETER VALUES FOR MOBILITY AND TRAFFIC CHARACTERISTICS

AL | b [ Av | pm | Am | pE | W | Bmm | B
A A 10 100 6 60 3 30 10 2 10
M L

A
Evr = (G2 + "=+ _)WH)+M_§ (mar + 7)) Pilbyive

_AH  AM | ALY AH H
O T )™y e+ ) Piaie TABLE I
>\M >\L " PARAMETER VALUES FOR POWER CONSUMPTION
+ (—+ )ﬂ-MPactwe
,U/M ,U/L P({itive Pigle Pci\értive Pijt\i/[le PaLctive PiItJile
Av AL 1.254W | 0.125W | 1.4W | 0.6W | L.66W | 1.16W
+ (1 - (_ + _)TM)PZ%e
Ky HL
AL L AL L
+ _ﬂ-LPactive + (1 - (_)TFL)Pidle (15) i . i
ML KL Figures 3, 4, and 5 show energy consumption per unit second

for varying the values of low-tier, medium-tier, and high-tier
call arrival rates. As shown in Figs. 3, 4, and 5, the energy

EPMR:((/\_H LA /\_L)WH)+>‘_H (ma + 7 ))PH, . consumption increases as the call arrival rate increases, since
KH  BM - KL HH the probability that an MS stays iactive state increases,
+(1- Ar + Am + A_L)WH_A_H(WM +7,)))PH_ although the rate of increases are different in Figs. 3, 4, and
BH  pM ML HH 5. SR and MR have the largest energy consumption and EPM
+ Am + AL Y PM has the smallest energy consumption. On the other hand, PSR
par ML active and PMR have less energy consumption than SR and MR,
A A i
(1= (A ARy e P and have larger energy consumption than EPM. These results
Urr pL are very similar to those of our previous works on two-tier
AL I L I network and thus, the results obtained in Figs. 3, 4, and 5
+_L7TLwative +(1- (M_L))FLPidle (18)  can be generalized in general multi-tier networks.
ISBN: 978-988-19252-1-3 WCE 2012

ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)



Proceedings of the World Congress on Engineering 2012 Vol 11
WCE 2012, July 4 - 6, 2012, London, U.K.

Energy Consumption (J
Energy Consumption (J

0.8
0.6 r

o W7
3

02 ‘ ‘ : : : ‘ : : 0

Call arrival rate of low tier network (/h) Call arrival rate of high tier network (/h)

Fig. 3. Energy consumption per unit second for varying the values &fg. 5. Energy consumption per unit second for varying the values of

low-tier call arrival rate. high-tier call arrival rate.
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Fig. 4. Energy consumption per unit second for varying the values of
medium-tier call arrival rate. Fig. 6. Energy consumption per unit second for varying the values of
mobility of low-tier RA.

Figure 6 shows energy consumption per unit second for
varying the values of mobility of low-tier RA. The relative
values of energy consumption are very similar to those
Figs. 3, 4, and 5. However, the result in Fig. 6 shows th
energy consumption is irrelevant of mobility of MSs, sincd’
mobility of MSs does not change the steady state probabil

of active andidle states of MSs. t

ﬁg)nsumption than EPM. Also, it was shown that energy
9nsumption is irrelevant of mobility of MSs. In our future

orks, we will extend the analytical methodology for the
rformance analysis of energy consumption for MSs in
ree-tier network to general multi-tier networks with more
than three networks based on modeling of mobility and traffic

. characteristics of MSs.
V. Conclusions and Future Works

In this paper, we analyze the performance of energy con-

sumption of MSs in three-tier network in detail and showAcknowledgment

the effect of various parameters on the energy consumption.

From the results, it was shown that SR and MR have tAdis research was supported by Basic Science Research
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