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Abstract: The mtegration of heterogeneous wireless network has become an overwhelming tendency. So, it
15 a huge challenge for the network designers that how to manage resource m these access networks with
different Radio Access Technologies (RATs) in a cooperative mode. As a feasible scheme, Generic Link Layer
(GLL) is introduced. In this study, a novel multi-radio packet scheduling algorithm, is proposed for real-time
traffic. There are four outstanding contributions in QU. First, in order to guarantee Quality of Service (QoS) of
real-time traffic and avoid wasting resource, a scheduling utility function 1s developed to represent the degree
of satisfaction of performing a packet scheduling in term of avoiding wasting resource provided that
guaranteeing QoS. Second, using this utility function, a packet scheduling model, which in fact is a NP problem,
1s designed and analyzed based on jomnt consideration of fairness. Third, for improving execution rate, Hopfield
Neural Network (HNN) 15 used to fast find an optimal solution for the scheduling model. Final, simulation 1s set
up and is compared with M-LWDF and PLR algorithms to evaluate performance of QU algorithm. Simulation
results show that under high load QU algorithm has lower packet loss ratio and higher spectrum efficiency while

offers allowable average packet delay.
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INTRODUCTION

With  the fast development of —wireless
communications technology and by the effect of industry
interest, a large number of wireless access network are
deployed in wireless access area. These networks use
different Radio Access Technology (RATs) and have
diverse coverage, such as WCDMA, CDMA200,
TD-SCDMA, WiMAX and WLAN (Eshanta et af., 2009).
So, in order to effectively utilize radio resowce, how to
mterconnect and converge these heterogeneous wireless
access networks has become an overwhelming tendency
of network development. At the same time, the tendency
provides the great and bright potential busmness
opportunities for network operators. However, it also
presents a huge challenge for the network designers to
manage resource in these access networks with the
different RATs in a cooperative way. In this context, one
feasible solution 1s the introduction of GLL (Sach et al.,
2004) that performs umfied link-layer processing across
different Radio Accesses (Ras) belonging to different
wireless access networks. GLL is located between data
link layer (layer 2) and network layer (layer 3) and it's main
function is to efficiently allocate data flows from network
layer to independent RAs based on Channel Quality
Information (CQI) and QoS requirements. There 1s much

literature in which, it is proved that utilization of
multi-radio access can achieve more gains. Such as,
Dimou et al. (2005) proposed a greedy algorithm which
get gain of 15% in spectrum efficiency.

Future networks will adopt packet switching
technology, especially IP switching, while circuit-
switched scheme will be elimmated. For example, WiMAX
(TEEE, 2006) and 3GPP Long Term Evolution (I.TE, 2006)
both are IP-based network. Therewith, heterogeneous
wireless networks will use IP protocol and then IP-based
real-time traffic, such as VoIP and video telephone, will
become the major traffic. Tn the context, it is very
important for guaranteeing QoS of real-time traffic that
how to quickly and efficiently schedule IP data packets to
independent RAs with different RATs. On one hand,
spectrum is limited. On the other hand, wireless channel
is time-varying. Under the action of these factors, the
spectrumn efficiency and execution time also should be
considered into the design of scheduling algorithm. Many
packet scheduling algorithms for real-time traffic in
wireless system have been proposed in published
literatures, for instance, M-LWDF (Andrews et al., 2001)
and PLR (Liu et al,, 2007). Unfortunately, none of them
takes the above two factors into consideration.

In the light of analyses above, a novel multi-radio
packet scheduling algorithm named QU 1s proposed for
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real-time traffic. Tn QU algorithm, a suitable utility function
15 designed to represent the degree of satisfaction of
performing a multi-radio access packet scheduling
(1.e., choosing a user's packet and scheduling the packet
to a RA) inrelation to avoiding wasting resource provided
that guaranteeing QoS. Using the utility function, a packet
scheduling model developed based on jomt

consideration of fairness, while the solution to the model

18

15 a NP problem. As 1s known, execution cycle of packet
scheduling is in a time scale of milliseconds and
performing time of packet scheduling algorithm must be
smaller than it. As a feasible approach, HNN has some
advantages which are available for solving this problem.
HNN can be easily implemented on hardware circuit. By
means of HNN on hardware, the optimal solution of the
suspended problem can be solved in microsecond. In the
light of advantages of HNN, it is used in QU algorithm.
Simulation results show that, compared with M-LWDF
and PLR algorithms, QU algorithm presents lower packet
loss ratio and higher spectrum efficiency under high
load.

SYSTEM DESCRIPTION

From the Fig. 1, it is shown that GLL is located
between layer 2 and layer 3 and it's main function 1s to
perform packet scheduling and translate data between TP
network layer and access link layer or among access links
with different RATSs. In order to obtain more the multiuser
and multiple access diversity gains, a multi-radio packet
scheduling scheme 1s used m which mtegrates user
selection and access link selection into one step. The
major components of GLL are QoS classifiers, FIFO
queues and packet scheduler and the working procedure
of 1t 18 shown m Fig. 1. Firstly the data packets from IP
layer are classified and moved inte the corresponding
queues; secondly, the scheduler selects user paclkets and
allocates access links to them m accordance with
scheduling criterion. For the sack of convenience in
analysis, the case 1s used mn this study that a user only
generates one real-time traffic. In fact, the proposed
algorithm is also applicable to the case that one user have
multi-traffic.

l Data packets from IP layer
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Fig. 1: The framework of multi-radio access packet scheduling
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MULTI-RADIO PACKET SCHEDULING MODEL
AND QU ALGORITHM

The section is mainly divided into three parts. First,
scheduling utility function is mtroduced with target that
avold wasting resource provided that guaranteeing QoS3;
second, using this proposed utility function, a multi-radio
packet scheduling mode is presented which is a NP
problem; finally, QU algorithm is developed using HNN
which is employed to fast and effectively solve NP
problem.

Scheduling utility function: A utiity function 1s
presented to express the degree of satisfaction of
performing a multi-radio packet scheduling in term of
avolding wasting resource provided that guaranteemng
QoS. Delay 1s an mnportant QoS parameter for real-time
traffic. If the actual delay of a packet exceeds a threshold
D, the packet will be discarded. Therefore, a utility
function of scheduling, denoted as Ui(t), will increase
monotonically with the actual packet delay d(t) by
following certain weight function D,(di(t)), which will
increase sharply when, di(t) closes to threshold D,. These
subscripts 1 and j denote ith user and the jth RA,
respectively. Based on analyses above, D(d(t)) is
expressed as (Sang et al., 2007):
D,(d,(t) =™ (1)
On the principle that improving spectrum efficiency
on the premise of guaranteeing users' QoS, scheduler has
to schedule the packet to a RA which provides lugher bit
rate as much as possibly. In addition, packet should not
be scheduled to a RA which provides the bit rate larger
than the one that the packet actually demands for QoS
guarantee. For clarity, some parameters should be defined.
The minimum target bit rate R,;;(t) is calculated as:

Rty = O0Ds
D, -d.(t)

(2)
where, USD, is the number of the remaining bit of the
packet at head of a queue. For real-time traffic in wireless
packet commumcation system, it 18 difficult to give
accurate delay guarantee due to the time-varying
characteristic of chammels. But the QoS guarantee can be
obtained 1in statistics. Andrews et al. (2001) developed a
delay requirement of real-time traffic and defined it as
follow:

P{d,>D} <35 3)
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Equation 3 means that the probability of exceeding D,
is not higher than 8, Among different methods, for real-
time traffic, Effective Bandwidth Theory (EBT) is feasible
approach to guarantee QoS from the view of statistics
(Cowrcoubetis et al., 1994). EBT have been used in wired
networks originally while actually EBT has the same
availability in wireless networks for statistical analysis of
real-time traffic’ QoS. Assuming that in GLL a queue 1s
allocated to every real-time traffic whose length equals to
the product of the average bit rate and delay threshold,
probability in Eq. 3 1s converted to the probability of
queue overflow. Real-time traffic 1s subordinate to a
ON-OFF model, then the mimimum bit rate E(d,) meeting
Eq. 3 is presented as:

R Ty 4
Ej(S‘)7m1+2B‘ log(s‘) “

where, m, denotes the average bit rate of real-time traftic;
8, and p, are overflow probability and diffusion index,
respectively. B3, 1s queue length. Then let, R;(t) represent
the bit rate with which jth RA provides ith user and R ;(t)
denote the maximum bit rate that ith user can obtain at the
time t. R,(t) is the average bit rate which ith user obtains
in a certain period t, and is expressed as (Jalali et al.,
2000):

mz(lf%)-Rj(thH (5)

[

%-Rq -A,0
where, A;(t) 1s RA allocation indicater, and A(t) =1 if jth
RA 1s allocated to ith user; Otherwise, Vi(t) = 0. For
guaranteeing QoS, average rate R, (t) during a certain
period should equals to E(8,). Then denote R(t) as the
effective bit rate which makes R,(t) equal to E, at the time
t. Tt is considered as wasting resowrce that scheduling a
user packet to the RA which provides the bit rate larger
than Ry and is not beneficial to improve spectrum
efficiency when user number is large. U(t) increases
monotenically with another weight function RA(R;),
which 13 determined by R;. Considering the above

4

analysis RA,(R;) is defined as:

Condition 1: R, <Rz<R, ..

_ 1 6
RA, Ry)= sy (6)
Where a = 2In10 b= z
RE1 - R‘mini RE1 - R‘mini

Condition 2: R ; <R__.<Ry









Table 1: Mcs selection criteria
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SINB (dB) MCS Spectral efficiency

e y(f)=1.69 QPSK 1/3 rate 2/3 bits/sec/Hz

1.69<y(t)<4.82 QPSK 1/2 rate 1 bits/sec/Hz

4.82<y(t)=7.21 16-QAM 1/3 rate 4/3 bits/sec/Hz

7.21<y(t)<11.8 16-QAM 1/2 rate 2 bits/sec/Hz

11.8<y(t) <o 64-QAM 1/2 rate 3 bits/sec/Hz 2.10

distributed in the green area and wrap-around technology
is used to avoid border effects. The mobile speedis
3kmh".

The physical layers of all RAs support adaptive
single-carrier Modulation and Convolutional Coding
(MCS). The spectrum efficiency in the MCS selection
criteria is presented in Table 1 (Karimi et al., 2006).

Traffic model: VoIP with average rate of 64 Kbps is
chosen as real-time traffic which is modeled by the
mnterrupt determimistic process. The maximum delay and
packet loss rate of VoIP are 60 msec and 5%. In order to
evaluate performance of the MRPSH algorithm for
real-time traffic, QU is simulated and compared with PLR
and M-LWDF algorithms in terms of spectrum efficiency,
packet loss ratio and average packet delay.

Performance evaluation: Simulation results are plotted in
Fig. 5-7. Under low load condition, the performances of
QU, PLR and M-LWDF algorithms are comparable in
terms of spectrum efficiency, packet loss ratio and
average delay. However, with the increase of user number,
the performances of these algorithms start to differ from
each other. Although, spectrum efficiency of these three
algorithms are improved with increase of user number, QU
algorithm has higher spectrum efficiency than PLR and
M-LWDF algorithms when user number is over 62.
Especially when user number reaches 68, compared other
two algorithms, QU algorithm increases by 5% in
spectrum efficiency. The reasons for this phenomenon is
that when other conditions are equal, such as the actual
delay and fairness, these two algorithms are inclined to
schedule the user packet to the RA which can offer the
highest bit rate, resulting in improving spectrum efficiency
to some extent. Besides, avoiding wasting resource 1s also
taken into consideration in QU algorithm, as shown n
Eq. 53-7. Owing to this mechanism, QU algorithm can
support more users than PLR and M-LWDF provided that
packet loss ratio 1s satisfied. In another word, under high
load, QU algorithm has lowest packet loss ratio among
these three algorithms and then improve the system good
throughput in a given spectrum bandwidth, i.e., spectrum
efficiency. The above conclusion can also be drawn from
Fig. 6. When user number 13 below 66, the packet loss
ratio of QU algorithm is almost zero. For different number
of users, the packet loss ratio of QU algorithm is always
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Fig. 5: Spectrum efficiency vs. users number
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Fig. 6: Packet loss ratio vs. users number
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Fig. 7: Average packet delay vs. users mumber

lower than other algorithms. From Fig. 7, it 1s clearly
demonstrated that QU algorithm has the larger average
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packet delay. The reason for the phenomenon is that QU
algorithm avoids allocating excessive resources to the
user whose Qo3 has already been satisfied. Though QU
algorithm has larger average delay than other algorithms,
it does not exceed the maximum allowable delay of
real-time traffic.

CONCLUSION

In this study, GLL is introduced as a solution for
mtegration  of  heterogeneous  wireless  access
technologies and then m order to quickly and effectively
schedule real-time traffic on the GLL, a novel multi-radio
packet scheduling algorithm, QU, is proposed using HNN.
QU algorithm adequately takes full advantage of multiuser
diversity and multi-access diversity and improve spectrum
efficiency under the premise of ensuring user' QoS.
Compared with M-LWDF and PLR algorithms, under high
load, QU algorithm has better performance m terms of
packet loss ratio and spectrum efficiency, while mamtams
allowable average packet delay. Tt is worthwhile to note
that HNN is suitable for hardware implementation, so the
proposed algorithm 1s easily applied in practical system
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