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ABSTRACT

To meet wide expectation and growing demand of mobile users, operators have started to deploy different
overlapping radio access network technologies. In heterogonous overlaid networks, network selection
decision is delegated to mobile users to avoid processing and signaling overhead. In user centric network
selection, users select the network selfishly to maximize their utility and cause undesirable network states.
Selecting optimal network to meet user experience with enhancement in network performance under
dynamically varying network environment is a real challenge. The existing online dynamic network
selection algorithm (DNSA) selects network only by considering change in user demand type to meet user
experience. Network assisted selection is another existing algorithm which selects network based on
dynamic change in network state and improves network performance. In this paper modified dynamic
network selection algorithm (m-DNSA) is proposed which learns network state using Boltzmann-Gibb’s
reinforcement algorithm, dynamic change in user demand type using Markov Decision Process and selects
optimal network. The m-DNSA also considers cost of handover between different networks for selecting
network. Hence, it jointly improves performance of network and user experience. The proposed algorithm
is investigated in UMTS-WiMAX-WLAN overlaid networks with different type of services and various
economical categories of users. Simulation results show that the proposed m-DNSA improves QoS of the
users and also increases throughputs of individual network compared with existing DNSA.

Keywords: Overlaid Networks, Network Selection, Heterogeneous Networks, Qos, Qoe.

1. INTRODUCTION standards for the WLAN which can offer coverage

of 100m with bandwidth of 11Mbps. Integration of

Next generation wireless networks integrate
different wireless technologies such as UMTS
(Universal Mobile Telecommunication Systems),
WLAN (Wireless Local Area Network) and
WIMAX  (Worldwide  interoperability  for
Microwave Access) etc. Integration of these
technologies increases the effective utilization of
available bandwidth and improves the performance
of wireless connectivity and seamless mobility for
mobile users. UMTS is Code Division Multiple
Access (CDMA) based network, which supports
maximum achievable data rate of 2Mbps and
covers wide range than WiMAX and WLAN. IEEE
802.16¢ standard mobile WiMAX [27] is an
Orthogonal Frequency Division Multiplexing
(OFDM) based network and supports up to 75
Mbps data rate. WiMAX is a packet switched
network that can support multimedia services with
expected QoS. The IEEE 802.11 standard provides
low cost and effective wireless LAN service,
802.11b is one of the most commonly used

these networks utilize the

advantages of individual networks and overcomes
the limitation. In this heterogencous network
environment, multiple mode user terminals can be
handed over among available wireless networks
based on user preference. In order to avoid
signaling and processing overhead network
selection decisions are delegated to user terminals.
One of the issues in user centric network selection
is causing undesirable network state due to user’s
selfishness in selecting network to maximize their
utility alone. Selection of network by learning long
term network state provides solution for this issue.
Users in online can change their demand type such
as voice to video, video to voice etc., hence it needs
to consider the dynamic change in user demand for
selecting efficient network. In this paper, online m-
DNSA is proposed, it considers dynamic change in
user demand type using Markov Decision Process
(MDP) and handover cost between different
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networks to select network which enhances user’s
experience. It also derives OFDM and CDMA
based networks present state information and learns
long term network state with derived information
using Boltzmann-Gibb’s reinforcement algorithm
for selecting network which also enhances
performance of network.

The proposed m-DNSA is verified using voice,
video and FTP services with various economical
categories of users. The essential QoS parameters
for real time voice and video services are delay,
throughput and for non real time FTP service are
throughput and data drop. Users of various
economical category needs different QoS for same
service to meet economical aspect is called user
experience or Quality of Experience of user (QoE).
Three different economical category users are
considered in this paper and they are excellent,
good and fair users. Excellent users give highest
priory for QoS and least priority for service cost,
good users give equal preference for both and fair
users gives highest priority for service cost. The
proposed network selection algorithm is tested in
UMTS-WiMAX-WLAN overlaid heterogeneous
network. Seamless session continuity is the crucial
requirement while integrating UMTS-WiMAX-
WLAN networks. Internet Multimedia subsystem
(IMS) network was introduced by Third Generation
partnership program (3GPP) which uses Internet
Engineering Task Force (IETF) protocol to provide
seamless session continuity between circuit and
packet switching networks. The proposed network
selection algorithm is verified in IMS based hybrid
coupled UMTS-WiMAX-WLAN network.

The rest of the paper is organized as follows:
In the section 2, related works are discussed. The
proposed algorithm and system model are
explained in the section 3. In the section 4,
simulation and results are discussed and conclusion
is drawn in the section 5.

2. RELATED WORK

Different radio access technology networks
are started to deploy in same geographical area to
meet growing demands of mobile users. The IMS is
a common platform to integrate and provide
seamless session and terminal mobility between
3GPP and IEEE standard networks. Interworking of
WLAN-UMTS, WiMAX-UMTS using IMS core
network and signaling analysis are proposed in [1-
3]. IMS based modified hybrid coupled UMTS-
WiMAX-WLAN overlaid network architecture for

enhanced real time service was proposed in [4].
Various vertical handover strategies to provide
seamless connectivity in heterogeneous overlaid
networks were discussed in [5]. Authors in [6]
proposed the QoS based network selection in
WiMAX-WLAN overlaid heterogeneous network,
which selects network by estimating network states
such as available bandwidth and network delay.
Network selection using multiple criteria such as
available bandwidth, cost of service, security level,
call drop probability, power, coverage and cost of
service were discussed in [7-11]. Dynamically
reconfigurable relays select radio mode based on
present states of CDMA and OFDM networks were
discussed in [12] and it did not learn dynamic
variation in network state. The network selection
algorithms proposed in [5-12] selects the network
by considering the present state of the available
networks, however the state of wireless network
environment is dynamic due to random variation in
user demand and network state, so the network
selection based on the present state alone is not
efficient.

Different mathematical tools such as game
theory and fuzzy logic techniques to model network
selection under dynamic variation were introduced
in [13]. Challenges and issues in game theory based
network selection and advantages and limitations of
various games in adopting network selection were
discussed in [14-19]. Reputation based network
selection, Dynamic spectrum leasing and stochastic
learning based network selection algorithms were
proposed in [20-22] and these algorithms utilized
cooperative games which needs centralized system
and increases signaling overhead. Hybrid games to
learn strategy based on the perceived payoff and
estimated payoff were discussed in [23], in which
Boltzmann-Gibb’s reinforcement game learns
strategy with incomplete information with high
speed and obtains Nash-Equilibrium.

Online Dynamic network selection algorithm
(DNSA) using Q-learning algorithm was proposed
in [24], which considers dynamic change in user
demand type but not derived any network
information and dynamic variation of network for
selecting network. Hence DNSA reduces network
performance and user experience. Q-learning based
Network assisted decision making algorithm
proposed in [25] derives network information of
OFDM based network but it does not derive
network information of CDMA based network and
not consider online dynamic variation in user
demand for selecting network. Q-learning
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algorithm used in [24,25] is simple but lower in
speed. The proposed online m-DNSA derives
information of OFDM and CDMA based network
and learns long term network state using
Boltzmann-Gibb’s algorithm. Boltzmann-Gibb’s
reinforcement algorithm learns strategy from
derived incomplete network information and
converges with high speed. The m-DNSA also
considers cost of handover between different
networks and dynamic change in user demand type
using MDP. Hence it jointly enhances network
performance and user’s QoE.

3. MODIFIED DYNAMIC NETWORK
SELECTION ALGORITHM

In this paper, online m-DNSA is proposed to
select optimal network to enhance user’s QoE with
enhanced network performance. To verify m-
DNSA mobile users are considered in UMTS-
WiIMAX-WLAN overlaid network with dynamic
change in demand (video, voice or FTP) at each
epoch of duration ‘/” and network state dynamically
varied based on the user arrival and departure.
Present state of user is defined as w(t)={s(t), n(t)},
where s(t) denotes users demand type at time t and
n(t) represents user associated network at time t.
Each epoch of time user may change its demand
type or network state may vary that leads to learn
network selection probability corresponding to all
available networks to the user. The m-DNSA
derives network information such as achievable
data rate, average throughput from incomplete
information and using these parameters, it learns
network selection probabilities of available
networks using Boltzmann-Gibb’s reinforcement
algorithm.

3.1. Derivation of Network State
The OFDM based WiMAX network utilizes
different modulation and coding based on signal to
noise ratio (SNR). Based on SNR value, users are
categorized in to different zones. Achievable data
rate and average throughput of user belongs to zone

‘k’ is derived using [25],
b (K)oppns = Ny -N' ;l log, [sz(mod" (k))].

R(cod" (k)).(1- BLER)

where N{ and N respectively denote the number

(1)

of OFDM symbols and subcarriers per Resource
unit  sz(mod‘(k)is the

modulation scheme mod‘(k), R(cod‘(k)) is the

coding rate of code (k) and BLER the block error
rate obtained as a function of the user signal-to-

constellation size of

noise ratio. In the time dimension, resources are
organized into frames of length T®. When network
‘a’ allocates N, resource units per frame to a user
in zone Z*, its average throughput ‘th’ is given by
[25]

th — Nl’CSlba (k)

T (2)
Achievable data rate of CDMA based UMTS
networks b“,  is derived from bandwidth as
[12],

“ 1 Y
b CDMA:WXEIng (H_MJ (3)

CDMA
where W is the total available bandwidth,

Yeoma a0d 'y are SINR and channel coding loss

for radio network. Available bandwidth of WLAN
network has been derived from network allocation
vector(NAV) as,

a NAV
by =b, — L @

T4 T (V=)
3.2 Estimation of Long term Ultility
Using derived information utility function for
throughput/achievable data rate/bandwidth is
evaluated as,

0 for th<th
-a+th’

u, =1l-e¢”*" for th,, <th<th, (5
1 for th>th,,,

Utility function for data drop/delay/service
cost is evaluated using

1 Jor dd<dd
dd__ —dd
u, = R or dd . <dd<dd 6
dd d(jlmx _ (Mmh f min ‘max ( )
0 for dd>dd

The equations (5) and (6) are derived from
[20], where ‘th’ is throughput of selected network,
thpi, and th,,, are minimum and maximum data
throughput required for the service, , dd is data drop
in the selected network, dd,;, and dd,, are
minimum and maximum allowable data drop. The
overall utility is evaluated from weighted sum of
throughput, data drop and service cost and weights
are assigned based on user preference and service

type.
3.3 Estimation of
Probability

Using the estimated utility # for user * j’ at
network ‘a’, selection probability of network ‘a’ is

Network Selection
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evaluated by Boltzmann-Gibb’s algorithm with
handover cost from associated network to ‘a’ as,
;1‘}/.((‘7;‘)
e 7
'xj,t+1 (aj) :xj,z (a/)+j;

e
e’
2

X wi(a) is the probability of selecting
network ‘a’ by user ¢’ at time t+1, (particular
network mode). X;, «aj), network selection
probability to network ‘a’ for user ‘j’ at time t.
U, (a ;) is estimated utility obtained in network

X (Llj) —/’IJ.CM([) (7)

‘@’ for user . 0, (a',)is estimated utilities of
available networks other than ‘a’. C, .y is
handover cost from associated network n(t) to
network ‘a’, if associated network n(t) and

network ‘a’ are same C, ) will become zero. 4; is

the learning rate and g;is a learning constant. From
(7), network selection probability of network ‘a’
for user ‘j’ at time t+1 is evaluated from network
selection probability at time t and utilities of
available networks, hence the m-DNSA selects
network by considering dynamic change in
network state.

3.4. Utility Function with User Change In State
The m-DNSA also considers changes in user
demand type in online for each epoch of time.
Change in state of user is modeled using state
transition matrix as follows,
e State :w(t)={s(t), n(t)}, the state space is
W=S x N
e Action: aeN
e Reward v(t)=average reward u(t)

e State transition matrix P’={p(w’|w),a},
w’,weW
psw',sw’ nw' =a
pw|w') = )
0, otherwise

where s, and n,, are user demand type and
associated network in state w. Considering the
probability transition matrix, utility can be
obtained from network ‘a’ for user ‘j” at time t+1
is evaluated as,

ﬁj,Hl(aj) = ﬁj,t (aj)+v(t)*(uj,t _ﬁj,t(aj)) (8)

where v(t) is the average utility and 0;,(a;) is

estimated utility evaluated by considering
probability of state transition at time ‘t” and u j; is
perceived utility in present state. The network
selection probability in (7) is estimated utility at
time t+1 and provides network selection based on
change in user demand. The proposed m-DNSA
algorithm steps are given in table 1 and it is

verified in UMTS-WiIMAX-WLAN overlaid
networks with varying demand users. Table 2
gives the QoE requirements for voice, video
conferencing and FTP services of three different
economical category (excellent, good and fair)

users.
Table 1: The Proposed m-DNSA

Algorithm:  Modified
Selection (m-DNSA)

Dynamic  Network

for each player j do
e Initial action a;,,
Initialize value u; to zero
Learn handover cost
Initialize network selection probability
to any value

for t=1 to max, do

for a=1 to max, do

e Derive the network information
corresponding to network ‘a’ at time t

e Estimate utility u;(a) from derived
information

e Derive the state information of
available network a’ other than a

e Estimate utility u;«(a’;) from derived
information

o Evaluate network selection probability
for network ‘a’ using estimated utilities
Ui (@), i@’y

e Update network selection probability
and estimated utility

End

o Estimate utility at time t+1 with change
in user demand transition probability
End
End

Table 2: QoE Parameters

G 7.11 Codec (96 Kbps)
Parameters | Range MOS Category
Delay 0~80ms 3.5 and above Excellent
80~200ms | 2.5~3.0 Good
200 ~300ms | 2.1~2.5 Fair
Packet 0% ~ 3% 3.5 and above Excellent
Loss 3% ~ 10% 25~3.0 Good
10%~18% | 2.1~25 Fair
Non real-time (FTP)
Delay 2~3s 4.3 and above Excellent
3~7Ts 3.59~43 Good
7 ~10s 3.1~3.59 Fair
Packet 0% ~3% 4.3 and above Excellent
Loss 3% ~3.5% 3.59~43 Good
3.4% ~ 4% 3.1~3.59 Fair
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Video (x264) DNSA is shown in Figure 2. It shows that average
Delay 0 ~ 20ms 43 and above | Excellent packet end-to-end delay using proposed algorithm
20~60ms | 3.59~43 Good is 27 msec that satisfies good video user’s QoE
60 ~90ms | 3.1~3.59 Fair requirement shown in table 2, whereas existing
Packet 0%~0.4% | 4.3 and above | Excellent DNSA produces 72 msec that does not satisfies the

Loss 0.4%~1.5% | 3.59~43 Good . .

15%~3.5% | 3.1~3.59 Fair QoE requirement of good video user Packet delay

4. SIMULATION AND RESULTS

To verify the performance of proposed m-
DNSA, IMS based integrated UMTS-WiMAX-
WLAN networks are simulated using OPNET [26]
with 15 high velocity, 15 low velocity users and
services are allocated as shown in Table 3. From
these 30 users, 3 users are selected, in which user-1
changes its demand type from excellent voice to
good video conferencing, user-2 changes its
demand type from fair FTP to excellent voice and
user-3 changes its demand type from good video
conferencing to fair FTP service. Initially users are
randomly selecting their networks and learn
optimal network using m-DNSA. The QoS of users
for appropriate demand type with network selection
using m-DNSA is compared with network selection
using existing DNSA.

Table 3: Simulation Parameters

Simulation Parameters Value
High Velocity Users 15
Low Velocity Users 15
Within High Velocity Users (60m/Sec):
Voice Users 10
Video Conferencing Users 02
FTP users 03
Within low Velocity Users (2m/Sec):
Voice users 10
Video conferencing users 03
FTP users 02
Transmitting Power of UMTS BS 1 W
Transmitting Power of WiMAX BS 0.5W
Transmitting Power of WLAN AP 0.005W
WIiMAX PHY profile OFDM
WiMAX efficiency mode Mo.blhty
and Ranging
Figure 1 shows the network selection

probabilities of available networks for user-1 with
m-DNSA and DNSA. It is observed from the figure
that the proposed m-DNSA algorithm selects the
WiIMAX as most favorable network for user-1
within 180 iterations for the demand type from
excellent voice to good video conferencing.
However, the DNSA selects the WLAN as optimal
network after 360 iterations for the same demand of
user-1. This optimal network selection performance
is also verified for good video conferencing service
by measuring packet end-to-end delay and packet
delay variation. Packet end-to-delay of user-1 for
video conferencing service with m-DNSA and

variation of user-1 for video conferencing service is
given in table 4, which shows that packet delay
variation is also lesser in m-DNSA compared with
DNSA. This outperformance is due to selection of
network is very faster and the selected network is
more suitable for good video conferencing. DNSA
selects WLAN network for user-1 based on
dynamic change in user demand and service cost
only but it does not consider long term network
state for selection due to that user experience is not
satisfied in WLAN network.
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Figure 1 : Network selection probability for user-1

Network selection probabilities of available
networks for user-2 with m-DNSA and DNSA are
shown in Figure 3. Figure shows that user-2 selects
optimal network as UMTS with in 220 iterations
using m-DNSA whereas using DNSA it selects
UMTS as optimal network after 320 iterations for
changing demand type from fair FTP to excellent
voice.

Network selection performance of user-2 for
voice service with m-DNSA is verified in terms of
average packet end-to-delay, jitter and MoS. From
the Figure 4, it is observed that average packet end-
to-end delay of user-2 for voice service with m-
DNSA is less than 80 msec where as the existing
DNSA produces average delay of more than 500
msec. Similarly Figure 5 shows that jitter of user-2
for voice service is lesser with m-DNSA compared
with DNSA. Reduction in end-to-end delay and
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jitter increases MoS value of voice service for user-
2 with m-DNSA and its value is given in table 4.
From these results m-DNSA outperforms and
provides better experience for user-2 due to that it
uses Boltzmann-Gibb’s algorithm for learning
which converge faster than Q-learning algorithm
used in DNSA.

W network selection-modified dynamic netwaork selection-DES-1
B network selection-dynamic netvwiork slection-DES-1

0 nan average (in Yideo Conferencing Packet End-to-End Delay (sec))
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0.055
0.050

0.045

0.040

0.035

0.030

0.025

T_‘-—_“——ﬁ“"-\

0.020
0.015
0.010

—

0.005

0.000 T T T T T
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Figure 2: Average packet end-to-end delay of user-1 with
DNSA and m-DNSA
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Figure 3: Network selection probability for user-2 with
DNSA and m-DNSA
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and m-DNSA4
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Network selection probabilities of available
networks for user-3 with DNSA and m-DNSA are
shown in Figure 6. From the figure it is observed
that user-3 selects optimal network as WLAN using
m-DNSA with 240 iterations for changing demand
from good video conferencing service to fair FTP
service. However, DNSA selects WiMAX is an
optimal network for user-3 of same demand change
with 380 iterations.

Experiences of user based on m-DNSA
selected network are verified interms of FTP
received packets and FTP response time and it is
compared with DNSA selected network. Figure 7
shows FTP received packets of user-3 using
proposed m-DNSA and DNSA. From the figure the
proposed m-DNSA provides increased FTP traffic
received compared with DNSA. The m-DNSA
considers long term network state for selecting
optimal network and selects WLAN due to that
selected network provides better QoS, whereas
DNSA  selects WiMAX network  without
considering dynamic variation and long term
traffics of that network which reduces FTP received
packets. In m-DNSA selected WLAN network
more FTP packets are received with less time
compared with DNSA selected WiMAX network
that reduces FTP response time of user-3 with m-
DNSA compared with DNSA and it is given in
table 4.

M network selection- modified dynamic netvork selection-DES-1
W network selection-dynamic network selection-DES-1

awerage (in Ftp. Traffic Received (bytesizec))

1,500

1,600

1,400 \!\

1,200 \

\\J\!\r
s00 r\

&O0O “ \}Ih

400 ’

200 r

a 1 IEIEI ZIEIEI SIEIEI 4|£IEI SIEIEI BO0O

% time (sec)

Figure 7: FTP traffic received for user-3 with
DNSA and m-DNSA

Table 4. Performance of Proposed m-DNSA for
UMTS-WiMAX-WLAN networks

Type of QoS DNSA | m-DNSA

Service Parameter

Video Packet delay 0.0045 0.0005

conferencing | variation ) )

Voice Packet delay | ¢ 0.001
variation

Voice MoS Value 2.2 3.7

FTP Response 14 sec Isec
time

The m-DNSA selects network using derived
network information and considering cost of
handover that provides equilibrium between user
preferences and traffic among available networks.
Hence the proposed m-DNSA increases network
throughput of individual networks by allowing
more number of users to individual networks.
Increased throughputs of UMTS, WiMAX and
WLAN networks are shown in Fig 8, 9 and 10
respectively. From the figures it is observed that m-
DNSA increases throughput of UMTS, WiMAX
and WLAN by 2Kbps, 5 Mbps and 2 Mbps
respectively compared with existing DNSA.

W network selection-with network slection-DES-1
B network selection-without network slection-DES-1

average (in UMTS Cell. Tatal Uplink Throughput (bitsisec) oCell 031

50,000
45,000 [z
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30,000 /
25,000 / /
20,000 / /
15,000 / /
10,000 //
5,000 l/
4 I
] 100 200 300 400 500 500

time (sec)

Figure 8: Throughput of UMTS network with m-
DNSA and without m-DNSA

W netvweork selection-with network selection-DES-1
B network selection-without network selection -DES-1

13, ) average (in WikAX Throughput (bitsisec))

35,000,000

30,000,000

25,000,000

L==‘--::—-—«

20,000,000

15,000,000

10,000,000

5,000,000

o

] 100 200 300 400 500 500
time (s5g)

Figure 9: Throughput of WiMAX network with m-
DNSA4 and without m-DNSA
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5. CONCLUSION

The proposed m-DNSA uses Boltzmann-
Gibb’s learning algorithm and it selects efficient
network by considering variation in user
demand, dynamic network state, handoff cost
and service cost. The m-DNSA converges with
less time compared with DNSA and it selects
efficient network by considering network
variation and user demand variation which
increases user experience and network
performance. The performance of proposed m-
DNSA is verified in modified hybrid coupled
IMS based UMTS-WiMAX-WLAN overlaid
networks with change in different type of service
and different economical constraints. The
performance of proposed m-DNSA is compared
with existing DNSA with video, voice and FTP
services. The proposed m-DNSA reduces packet
end to end delay of video conferencing service
by 62%, increases MoS of voice service by 40%
and FTP traffic received by 33% compared with
existing DNSA. The proposed m-DNSA selects
by learning long term network state which
jointly increases network performance and
improves throughput of individual networks by
effective load balancing. The proposed m-DNSA
increases the throughput of UMTS, WiMAX and
WLAN by 4.5%, 15% and 37% respectively
compared with existing algorithm.
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