International Journal of Engineering & Technology, 7 (2.7) (2018) 69-76

International Journal of Engineering & Technology

Website: www.sciencepubco.com/index.php/IJET

SPC Research Paper

Suboptimal resource allocation scheme for scalable video
multicast in integrated mobile WiMAX/WLANSs network

Wankhede Vishal A.Y", Anant R. More 2, M.S.G. Prasad ®

! Professor, E & TC, SNJBs K.B. Jain CoE, Chandwad , Nashik, India & Research Supervisor, KL University, A.P. India
2 Ph.D. Scholar, K.L. University, A.P. India
8 Professor, ECE, KKR Institute of Technology & Sciences, Guntur, India & Research Supervisor, KL University, A.P. India
*Email: Wankhedeva@gmail.com

Abstract

The goal of Resource Allocation Scheme (RAS) is to accomplish maximum usage of resources, assures Quality of Service (QoS), exploit
throughput and diminish power consumption with viable algorithm complexity and scalability of system. RA algorithm for dynamic
RAS in downlink Mobile WiMAX is to maximize the minimum rate of user while satisfying power constraint. This study emphasizes on
scalable video transmission in Downlink Mobile WiMax BS with 5 WLAN’s each comprised of 10 users with different QoS
requirements. Convex optimization techniques in scheduling algorithms marginally improve the performance measure as compared to
traditional iterative non-linear methods. This study proposes Active-Set optimization technique for power allocation (PA) amongst sub-
carrier per Subscriber Station (SS) and Greedy Weighted Algorithm (GWA) for sub-carrier allocation. Finally simulation results show
that the proposed GWA and Active-Set optimization technique can effectively achieve maximum network throughput and number of
satisfied users.

Keywords: Active-Set optimization, Greedy Weighted Algorithm, Mobile WiMAX, multicast, resource allocation, scalable video coding (SVC).

1. Introduction

WIMAX can provide data rates of 75Mbps, 350Mbps for
single and multiple channels respectively [6] [7].
Bandwidth Allocation Algorithm have been designed for
efficient utilization of scares radio resources [1], [2], [3],
[10], [14] in order to meet the large scale wireless network by
sharing radio resources among multiple users. The load of
resource obligation is placed on the base station to achieve
effective spectrum utilization [1].
Orthogonal Frequency Division Multiple Access (OFDMA)
has potential to reduce transmit power and flexible multiple
access technique that can accommodate many users with QoS
requirements with variation in data rates [1], [11], [12], [13].
Subcarriers and PA to subscriber in mobile WiMAX system
has been area of active research [26], [27]. WIMAX network
was proposed to meet the demands of both WiMAX service
providers and subscribers [3], [9], [15], [24] in downlink
resource management frame of multi-user. RAS is crucial in
handling heterogeneous traffic load in a WiMAX network
[8], [26], [27]. Despite of standard physical layer
specification for IEEE 802.16e air interface remains open
issue. Hence this open issue motivated us to design and
propose novel downlink resource management framework for
integrated mobile  WIMAX and WLAN for efficient
allocation of two key resources
i) Determination of aggregated downlink data
rate if each subscribers within WLAN with
optimized radio power and
i) Accessing bandwidth assigned on different
subscribers local network application.

Researchers have presented numerous RAS proposed in [10],
[12], [13], [15], [16], [17], [19], [20], [24], [26] for data
unicast in IEEE 802.16e networks. These algorithms allocate
resource with different performance objective like low
complexity [15], [17], [26] through put maximization [15],
[26], [27] and number of satisfied users [27].

This study makes thorough investigation by designing a
novel subcarrier allocation algorithm to provide a solution for
subcarrier allocation and PA problem of data like video
multicast in integrated IEEE 802.16/WLAN network. The
proposed algorithm targets to maximize channel capacity,
maximize data rate for each subscriber, maximize network
through put, and maximize number of satisfied users under
the constraint of bandwidth. Maximization problems of
network performance are Non deterministic Polynomial (NP)
hard [16], [17], [19], [27]. The projected algorithms decipher
NP hard problems using Active Set algorithm which is
convex to find sub- optimal solutions in polynomial time. In
proposed algorithm an Active Set method. This approach
reduces the computational complexity as it is achieved using
approaches used in [15], [16], [17], [20], [28], [29], [30],
[31].

This paper proposed following main contributions:

1. Propose GWA for sub-carrier allocation amongst
various Subscriber Stations (SS).

2. Propose Active-Set optimization for RAS to
maximize data rate of individual subscriber and at
the end network throughput for PHY layer
specifically.

3. Integrate proposed algorithm for WiMAX/WLAN
network as system model.
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4. Simulate proposed network with proposed
algorithms for maximizing Network Throughput
and Number of Satisfied users.

The remainder of this paper is organized as follows:

Section 2 assesses related work on RAS in mobile WiIMAX.
Section 3 provides details of proposed network model and
notations used in Objective function formulation. Section 4
describes proposed GWA scheme for sub-carrier allocation.
Section V provides in detail analytical model of proposed
Active-Set optimization for basic OFDMA system model
used in [15], [16], [17], [18], [19], [20], [26] and apply to
proposed; integrated WiMAX/ WLAN network described in
Section 3. Section 4 shows simulated results for channel
capacity, satisfied number of users and throughput of the
network. Finally in section 7 we put our concluding remarks
on proposed algorithms.

2. Related work

RAS formulated in such a way that to minimize transmission
power with constraint on user data rate [15], [18], [19] or vice
versa. Rate Adaptive Algorithm proposed in [15], [16], [17],
[22], [26] are applicable only to general data traffic and basic
downlink point to multiple point (pmp) OFDMA based
system in WIMAX system. Simple RAS for ARIMA model
is proposed in [29] for mobile video to represent MPEG4
video formats with five mobile stations only. Similarly
ARIMA model is used for designing RAS for high definition
HD videos [34]. Opportunistic layered multicasting
scheduling and RAS using SVC technology is proposed in
[30], [33]. To improve received video quality two level SCM
scheme is introduced [31] which consequences in high
computational complexity. Utility function is used to allocate
resources amongst subscribers with SVC [32]. The convex
optimization techniques to achieve low complexity by
maintaining good through put of the network used in RA. The
notion following the proposed scheme for scalable video
coding for integrated WiMAX/WLAN network is different
from those in related work.

3. Resource Allocation Scheme (RAS)

Proposed network model with specifications of WiMAX and
WLAN described in this section, notations used in analytical
model and then proposes an optimize RAS in the considered
network.

3.1 Network Model and Notation

Fig.1. shows system model where one WiMAX Base Station
provides Service to five WLAN. It is assumed that each
WLAN comprised of 10 wusers with different QoS
requirement. Also Each WLAN is situated at various
distances from main WiMAX Base Station i.e. d1>d2 &
d4>d3&d5. With respect to distance and QoS requirement
WiIMAX Base Station (BS) allot different number of sub-
channels to those WLAN also PA is also done by Base
Station.

It is assumed that WLAN network 1 is situated at longer
distance i.e. in between 800m-1.6km, WLAN Network 2 and
4 are situated in between 400m to 800m and WLAN Network
3 and 5 are situated below 400m distance. Hence after
sensing their distance and QoS requirement WiMAX Base
Station decides to allot highest QoS Resources for WLAN
Network 2 and 4 with 64QAM , for WLAN 1 and 3 Base
Station provides burst profile with 16 QAM and for WLAN
Network 1 Base Station uses Burst Profile with QPSK. Video
data stream is transmitted by modulation schemes with more
reliability when channel quality is not good. Proposed

network consist of one Base Station, K Subscriber Stations
(SS). SS associate with BS through access point of WLAN.
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Fig.1.The proposed network model

BS consist of 1024 point IFFT, total bandwidth B=10MHz,
total transmission power P=1W. Pxn power assigned to
particular SS on subcarrier. For each SS (i.e. /<k<K) number
of subcarriers should be /<n<N. Total data rate for SS
denoted by R«. Diverse data rates generated through SVC /
H.264 which allows a video stream to be divided into one
base layer and multiple enhancement layers. A Subscriber
Station can select a level of quality video [44] depending on
its device quality. In case if SS demands a video under
quality level 1 then BS should guarantee a 176kbps data rate
to that SS. Table | and Table Il lists video workload
parameters and OFDMA parameters for mobile WiMAX and
WLAN considered for proposed network model.

Table 1: Video Workload Parameters [43]

Applications Format Data Notes
rate
Mobile phone H.264 ASP 176 176 x 144, 20 frames
video kbps per second
Smartphone H.264 ASP 324 320 x 240, 24 frames
video kbps per second
IPTV video G,264 850 480 x 480, 30 frames
Baseline kbps per second
Sample video MPEG 2 350 Average Packet Size=
trace kbps 984 Bytes

Table 2: OFDMA Parameters for mobile WiMAX and WLAN
[1], [2], [43]

Mobile WiMAX

System Bandwidth (MHz) 10
Sampling factor 28/25
Sampling frequency (F,, MHz) 11.2
Sample time (1/F;, nsec) 89
FFT size (NFFT) 1,024
Subcarrier spacing (Af, kHz) 10.93
Useful symbol time (Tb = i) us 914
Guard Time (T, = 2, us) 102.8
WLAN

System Bandwidth (MHz) 10
FFT size (NFFT) 1,024
Modulation scheme QPSK, 160Q0AM, 64 QAM
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3.2 Obijective function formulation

Shanon-Hartley theorem used to estimate the bandwidth
requirement [14] per SS. This theorem states that channel
capacity C<2Blog2 (D) bits per sec, B represents bandwidth in
Hertz and D represents number of discrete signal elements for
modulation scheme. D is 4 for QPSK, 16 for 16QAM and 64
for 64 QAM. For proposed network it is assumed that D is 64
for WLAN3 and WLANS5, 16 for WLAN2 and WLAN4 and 4
for WLANL. If SS under WLAN3 links to the BS with
maximum data rate (Dr) requirement of 850kbps, the minimum
bandwidth consumption for serving that subscriber would be
850kbps/log2(64) (i.e. from BS to access point of WLAN3) +
850kbps/log2(64) (i.e. from access point of WLAN4 to
SS)~284kbps.The purpose of RA is devised as shown in (1)
[15],[16],[17],[20],[25],[26],[27],[35].[36],[37] where Ckn is
sub-carrier allocation indicator, Pkn is PA indicator and Hkn is
effective sub-channel signal to noise ratio (SNR), w is weight
of the user for estimation of priority.

K N

B
ClomPlen Nz Z Crnloga(1 + PenHin)

@
Cl:Cyn €{0,1}Vk,n
C2:pyn=oVin
Cc3: YK, Ckn=1Vn

C4: leﬁ:l Zgzl Ck,npk,nsP

C5: RlR] = Wwij: (IJ] Vl,j € {1,2,3, K},L 3’:]

Subject to:

Note that (1) is a Non Deterministic Polynomial (NP)-hard
combinational  optimization  problem  with  non-linear
constraints.

4. Proposed Sub-Carrier Allocation Scheme

GWA developed to find optimum solution of NP-hard
problems that determines set of Subscriber stations with
priority. While assuming limited bandwidth we attempts to
maximize network throughput. GWA maximizes channel
capacity and finally network throughput using weighted values
wk estimated as ratio of expected data rate for SS to minimum
bandwidth consumption. To elaborate basic idea of this
algorithm consider five users scenario each SS within WLAN.
Assume SS1 belongs to WLAN1; SS2 belongs to WLAN2
likewise SS5 belongs to WLAN5. We assume that WLAN
situated at less distance from BS has good channel quality.
Estimation of wk shown as in Table 11 for scenario described.
SS 3 and 6 belong to WLAN 3, Dr for SS3 is 850kbps and for
SS6 it is 176kbps. Priority of SS 3 is 1 and SS 6 is 5, BS allots
284 KHz of the BW to SS 3. After serving SS 3 BS schedule to
serve (SS 5, SS 2 and SS 4) of WLAN 5, WLAN 2 and WLAN
4. When BS starts to serve WLAN 3’s SS i.e. SS 6 whose data
rate requirement is only 176 kbps means 117 kHz.

Table 3: Estimation of Weight (ok)

algorithm simply skip that SS and proceed to serve next SS.

Detail algorithm explained as follows.

SS> Dr Modulation Minimum BW ®>Spi
WLAN | (kbps) Scheme at Consumption
WiIMAX/WLAN (Bmin)KHz

121 176 QPSK / 64Q0AM 176/2+176/6=117 1.5->6

222 350 16QAM/64QAM | 350/4+350/6=146 | 2.39>3

323 850 64Q0AM/64QAM | 850/6+850/6=284 | 2.99>1

4->4 350 16QAM/64QAM | 350/4+350/6=146 | 2.39>4

525 850 640AM/64Q0AM | 850/6+850/6=284 | 2.99->2

6->3 176 64QAM/QPSK 176/6+176/2=117 1.55

Previously assigned BW is 284 kHz and now its 117 kHz hence
(284-117 = 167 kHz) bandwidth gets utilized for WLAN 3
which can be used to serve other SS for same WLAN. If 167
kHz is insufficient to satisfy an SS in a greedy stage then

Algorithm_1. The proposed GWA for sub-carrier allotment.
1 Input:{dodli,......d5};
{ o1 w2 wx };
{WLANI,WLAN2,...WLANS}; WLAN index
{DRo,DR;,....... DRy}; Expected data rate
for every SS.

weight of SS calculated as w;, =
ExpectedDataRate (Ry) bySS

MinimumBandwidthConsumption(Bmin)
2 Descending Sort of SSs using wk.

N1:N2:----- ‘Nk=w1: w2:--- wk
3 Nk=[wkNDRy] ;Required number of Subcarrier for ki
user.
K
4 N, =N- Zk:l N, ; Where N is not
allocated sub-carriers. In second step N subcarriers
for ki user and Nvar subcarriers allotted.
5 Ckn=0,Vke{l, . K} ne{l..N}, Initialization
6 R=0,V ke{l,.. K}
7  P=Piw/N2
8 (Nse={1,2,...,N}; Set of number of sub-carriers
9 for k=1toK
10 Sorting of Hkn done in ascending order
11 n=arg max neNvar1 | Hkn | ; choose sub-carrier
index where Hyn is maximum
12 Ckn=1 ; Indication that sub-carrier allotted
13 Nk=Nk-1 , N sete=Nset/{n} ;decrement 1 sub-carrier
from un allotted subcarriers variable
14

R, =R, +%|ng (1+ P ,H,,) :Estimate

data rate for specific SS applying QPSK,16QAM or
64QAM w.r.t. value of Nk.
15 end for
16 fOr” Nset ” > Nvar
17 Kset={1,2,..K} ;
k=arg min kckset (R/ wk) ; Estimate minimum k
using ratio of data rate and weight

18 n=arg max nenset (|Hkn|) ; Estimate maximum n
using Maximum value of Hkn
19 end for

20 ifNk> 0 ;if un allotted sub-carriers remaining then
allot them amongst SS

21 Ck,n =1
22 Nk=Nk-1 , Nset=Nset/{n}
23 B
R, =R+ N log,(1+P.H,,)
24 else

Kset=Kset/{k} ; otherwise prepare group of sub-
carriers act as a sub channel for each SS
25 Kset={1,2,...K}
26 end if
27 for n=110 Nvar ;allot remaining sub-carriers in this
loop and again update Kset.

28 k=arg max k ¢ kset |Hkn|
29 Ckn=1
30

R, =R, +%|092(1+ PenHn)

31 Kset=Kset/ { k}

32 end for

33 SScount=Active SS within each WLAN

34 BWremaing = BW allotted — BW consumed by served SS.

35 BW efficiency=BW remaining/BW allotted

36  Scan SS within every WLAN to allot BW remaining
found in 34




The time complexity of sorting (in line 2) weights of subscriber
stations in GWA is O (N logN). The intricacy of sorting (in line
10) Hkn is O (N logN) and to rotate “for loop” until Nset>Nvar is
O(N). Thus, the total complexity is O(N+N logN +N
logN)=O(N+2N logN)=O(N logN). GWA maintains the low
intricacy of sub-carrier allocation compared to algorithms
proposed in [15], [16], [17], [18], [19], [20], [26], [35], [36] and
effective in worst case.

5. Proposed Power Allocation Scheme using
Active Set Optimization

Many Nonlinear equations like (1) can be reduced to linear
equations by assuring that quantities of interest vary to only a
small extent from some “background” state. Effective sub-channel
SNR can be defined as follows.

hgn _ Bkny/e?
Hk,n = T — T In(SBER) (2)

1.6

Step 1: Objective function defined by (1) is function of sub-carrier
allocation indicator (Ckn) and power allocation indicator (Pkn)
represented as f(Cy ,Pxn). As we already proposed algorithm for
sub-carrier allocation in 3.3.1 section in this section we only
emphasis on PA using ACTIVE-SET optimization technique [42];
our objective function can be written as. Gi (P p) , subjected to
constraints as a) Pyn =0 Vyp and
b)Yk, EN_.. ,CinPin < Piorar Which are two inequality
constraint hence i=1, 2. Objective function in (1) can take the
general for with Lagrange multiplier [38],[39],[40],[41] (4i) as
follows.

Vf(Pin *) + 271 A VGi(Pn ) =0 ®)

Step 2: Expanding (3) and taking Lagrangian for formulation of
Qudrature Programming (QP).

VE(Pen *) + 2VGy(Pin *) + Az VGy (Pipn %) =0 )

Taking Lagrangian multipliers as A1 and A2 to estimate total power
assigned for user Px.

L(Pk,n,)‘) = f(Pk,n) + N Gy (Pk,n *) + X, Gy (pk,n *) 5)

Objective function in (1) converting into (5) as follows:

k N
B
L(Pend) = D ) < Toga(1+ P Hip)
n=1

k=1
+M [Pk,n] + X, [Pk,n - Ptotal]

M B

)\’k nerN
Set of subcarriers for user K denoted by Q« those mutually
restricted. Taking derivative of (6) w.r.t. Pkn.

Jdogy(1 + PeyHin)  (6)

oL B Hgn
== L)
aPk,n N1 + PypHg,
Y; B Hk n
NI WL S —. ) 7
2 'Y] N1 + Pk,nHk,n ( )
B H By H
ST g b, =tk (g
N1 + pgnHin N Y 1 + PynHin

Step 3: We approximate f(Pkn*) to only YK_, ¥, _;log,(1 +
Py nHk n), NOw onwards in the analytical analysis it is been treated
as “0”, where “q” reflects behavior of f(Py , *) in a neighborhood

of Nab=% around Py . This is trust sub-
max

problemT{q(s),Se N,p}. Current solution is updated to be
Pun+ S iff(Pen+ S) > f(Pin).

Step 4: for K = 1 toK
forn =1toN

region

T
prevdprev Hprev.sprevsprevarev

He = Hprev + (C)]

prev.Sprev Sprev.HprevSprev
end for
“Hc and Hprev” are current and previous values of Hessian
Matrix, which gets estimated;in every iteration whichare using
positive definite quasi-Newton approximation as in (10).
Wheresprev = Pk,ncurrent - Pk,nprev-
dprev = (Vf(k,n)current + A VG (Pk,n)

=(VfPcn) ey + 1161 (Pin),

current)

+ 2,VGy(Pyn) (10)

rev

prev prev

Step 5: Quadratic programming sub-problem formed as follow:

max%. d™Hed + VE(Pen)"d
+VG1 (Pck,n))T d + Gl (Pck,n))
+ VGZ (Pk,n)T- d + GZ(Pck,n)) < Ptotal (11)
Solution to above equation form the new iterate (Pyn)current =

Ptotal

. . . . . N*K
and search direction ‘d” calculated at every iteration to maximize
objective function in (1).

(Pein)prev + ¢.d , where step length o estimated as o =

Step 6: For simplicity we write (11) as follows
[IS] |f0rVGi(Pck,n))T- dG; (Pck,n)) (12)
We can write ||S|| < 8 or Pyorajastrustregionradius.

This sub-problem may be infeasible because there may be no
intersecting points between the trust-region constraints. ||S||<d or
||S]|<Pwtal and the hyper-plane as follows:
Gi(Pekmy) + VGi(Pem))T.S =0 (13)
They can intersect if the trust-region radius dc decreased. S can be
written as (14).

Sk = SE+ Z, St (14)
Where Za matrix is whose columns form an orthonormal basis
for the null space of VG;(Py ,)T. Now our aim is to find following
parameters. Here nis allotted subcarriers to user k.

Sk : orthonormalcomponentSy = Si,o, + nd; and
St : tangentialcomponent. Need of estimating SpandS;‘is to
follow constraint C5 of objective function in (1).

Algorithm for estimating: a) Sp;
1 fori =1,2,..n

2 sk=SM+ ud; (15)
3 Compute p such that ||S]' + p.d;|| = 8
4 setpy = —VG;iGi(Pxn)

5 do = po

6 Update residual

pit1 = Pi — VGi(Pin)VG; (Prn)d;

7 Estimating new value for direction parameter
T
Pi+1Pi+1
diy1 = Pis1 + 1+1Tildi
Pi Pi
8 end

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
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Algorithm for estimating: b) St me)
1 fori =1,2,..n pipi
pipi
BT Y g gg) T e =0 0D
-t _ g-t iMi i
Sier =S dTZT Hy e Zicd; (16) Solving (17) optimal solution obtained in terms of p and p as
! follows.
3 Update Residual Pen = 1+ 1)pn (18)
T
Pipr = P — #ZE HpextZid; Analytical experiment is carried using four subscriber stations, it
o di Z.k Hn_extzkdi is assumed that all four subscribers situated at same distance hence
4 Estimating new direction . distance d0=d1=d2=d3 and weights are also same wo= w1= ws=
A = + Pi+1Pi+1 ws. For simplicity in calculation we have considered only 8 total
i+1 = Piyg pp; sub-carrirers. Hence 2 subcarriers allotted to each user. We
5 end applied both Linear [15], [16], [17], [18], [19], [20] and Active-set

Optimize solution for (13) can be written with the estimated
values of SXand Syt in (15) and (16).VG; (Pe,)" [u (pi +

algorithm.

Table 4: Distribution of Power and achieved Data Rates

SA Matrix (Cyn) Ss1 1 0 0 0 0 0 0 1
SS2 0 1 1 0 0 0 0 0
SS3 0 0 0 0 0 1 1 0
SS4 0 0 0 1 1 0 0 0
Effective Subchannel SNR Hy, Matrix SS1 189 265 0 0 0 46 0 87
SS2 0 0 301 363 288 0 230 0
Power Allocation by
Linear Algorithm [15],[16],[17],[18],[19],[20] Active-Set
SS1° SS2° SS3° SS4’ SS1’ SS2’ SS3° Ss4’
0.356 0.382 0.1903 0.071 0.25 0.25 0.25 0.25
Capacity Achieved in bits/sec/Hz by
Linear Algorithm [15],[16],[17],[18],[19],[20] Active-Set
SS1&2 SS &4 SS1&2 SS3 &4
4.2463 3.3577 4.4274 3.839

It is found that channel capacity achieved using Active-Set
optimization is more as compared to Linear Approach. The time
complexity of step no. 4 in Active-Set Optimization is O(N). The
complexity in calculating SX (in step no. 6) is O(N) and to
calculate Si* is O(N). Thus, the total complexity is
O(N+N+N)=0O(3N)=O(N). Note that Active-Set optimization
algorithm maintains the low complexity of power-carrier
allocation algorithms proposed in [15], [16], [17], [18], [19], [20],
[26], [35], [36] while further providing a performance bound.

52

6. Simulation results for proposed algorithms
in4and>5

The multipath channel used is same as we used in our previous
paper [35] with total power to be 1W with available total BW of
10MHz operates on 1024 subcarriers. Subscribers increased from
2 with increment of 2 up to Maximum range of 50 Subscribers.
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Fig.2:

Total capacity versus number of users in a downlink Mobile WiMAX with N=1024 sub-carriers.
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Fig.2. shows the comparison of the total capacities between the
proposed method Active-Set optimization and algorithms proposed in
[15],[16],[19].[26]. Capacity is maximum for WiMAX system using
Active Set Algorithm due to increase in WLAN users because of
Multi user Diversity gain. Proposed optimization scheme sounds
more attractive for heavy traffic loads like video signal transmission.
Table V shows estimated values of number of slots and number of
OFDM symbols for various applications using modulation schemes
QPSK-1/8, 16QAM-¥% and 64QAM-5/6. If video file has size of ‘S;’
bits and Nsuw number of allotted subcarriers then we can estimate
desired number of OFDM Symbols as follows.

Szub) - 1] * 2 % (Number of OFDM Symbols)

5.1 = (%

(18)

Downlink byte ‘DB’ per slot calculated using bits per symbol ‘bs’
as per modulation scheme selected , CR coding rate and Ss symbols
per slot and Dsub=48 as data subcarriers.

Dy = bsCgS (19)

S%Dsub
For 176kbps data rate BS should send 22,528Bytes per second.
While considering 5ms of frame only 112.64Bytes transmitted. If
QPSK-1/8 scheme is selected then DB can be estimated using (19) as
DB=2*(1/8)*1*(1/8)*48=1.5Bytes.

Table 5: Estimated number of slot and OFDM symbols for various applications

Slot calculation per 5ms of frame
Applications Format Data QPSK 1/8 16-QAM ¥ 64-QAM 5/6
rate
Slot | Subcarrier OFDM Slot | Subcarrier OFDM Slot | Subcarrier | OFDM
Symbols Symbols Symbols

Mobile phone H.264 176 75 150 6 7 14 73 4 8 120
video ASP kbps

Smartphone H.264 324 139 278 6 12 24 73 7 14 120
video ASP kbps

IPTV video G,264 850 363 726 6 31 62 73 19 38 120
Baseline kbps

Sample video MPEG 2 350 150 300 6 13 26 73 8 16 120
trace kbps

Taking ratio of bytes transmitted in 5ms frame to DB i.e.
112.64/1.5=75.09 slots means 150 subcarriers. S;=112.64*8bits,
Nsub=150 using this data we can easily estimate number of OFDM
symbols=6 using (19).We further tested our proposed algorithm
discussed in 3.3.1 and 3.3.2 for downlink transmission one video file
of 1sec time duration with all types of video applications, applying
64-QAM 5/6 modulation scheme with same channel model used in
[15], [16]. Subcarrier allocation per frame is 8 for mobile phone
video, 14 for smart phone video, 38 for IPTV video and 16 for
MPEG 2. We got excellent results of received Peak SNR for received
video.

Table 6: Estimated number of slot and OFDM symbols for various

bandwidth 1MHz. Fig. 3 shows comparison where we can conclude
that our method is close to optimal algorithm.

Fig.4. shows number of satisfied users using proposed method which
found good approximation of optimal algorithm. Practically optimal
solution is impossible for NP-hard complex systems.

i

applications gl
Application PSNR (dB) :
Linear Approach | Active-Set Optimization )
[15,16,19,16]
Mobile Phone 29 34 N S
Smartphone 27 34 z P
IPTV 22 30 Lt
Sample video trace 26 32 P

GWA and Active-Set Optimization simulated to maximize quantity
of users those satisfied on specified parameters (wk=SS/Minimum BW
consumed (Bmin)). To compare our results we simulate optimal . : :
algorithm with brute force method to solve the 0/1 knapsack problem. G o % x 5 . 5 5 5 . El
Network proposed in Fig. 1. varies number of SSs from 10 to 50 and Homrrsss
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7. Conclusion

This study first models the sub-carrier allocation problem of
scalable video multicast in integrated WiMAX / Wireless LAN
network. Objective of maximizing network throughput and
maximizing number of satisfied users are both NP-hard. This
study provides the polynomial-time suboptimal solution, GWA
+ Active-Set optimization, to those NP-hard problems using

GWA that

incorporate convex optimization technique.

Computational complexity reduced using this scheme while
maximizing network throughput and number of satisfied users
for multicast video. Received PSNR of transmitted video using
GWA+Active Set is more as compared to Linear Approach
[15], [16], [17], [18], [19], [20], [26], [35], [36] for RA and
power allocation in the literature.

=

=5

Nurmber of Satisfied Usars
B t 5
T T T

i
T

T
b — GWA ActiveSet
—8 —Oglimal

1 fil F3 ] ] 5 ]
Humber of 535

Fig.4. Number of satisfied users for different number of SSs.

References

(1

[2

(3]

(4]

[3]

(6]
[71

(8]

[]

[10]

[11]

Jeffrey G. Andrews, Arunabha Ghosh, Rias Muhamed,
“Fundamentals of WiMAX, Understanding Broadband Wireless
Networking”, Prentice Hall, ISBN 0-13-222552-2, 2007.
WiIMAX TM System Evaluation Methodology, WiMAX Forum,
Version 2.1, July 7, 2008.

Bo Rong, Yi Qian, Kejie Lu, “Integrated Downlink Resource
Management for Multiservice WiMAX Networks”, IEEE
TRANSACTIONS ON MOBILE COMPUTING, VOL .6., NO.
6, JUNE 2007.

Chakchai So-In, Raj Jain, Abdel-Karim Tamimi, “Scheduling in
IEEE 802.16e Mobile WiMAX Networks: Key Issues and a
Survey”, IEEE JOURNAL ON SELECTED AREAS IN
COMMUNICATIONS, VOL. 27, NO. 2, FEBRUARY 2009.
Koon Hoo Teo, Zhifeng Tao, Jinyun Zhang,”The Mobile
Broadband WiMAX standard[Standards in Nutshell]”, Signal
Processing Magazine, IEEE, p144-148, 2007.

Etemad,K., Lai, M, “Mobile WiMAX:a technology update[Guest
Editorial], vol. 46, pp 26-28, 2008.

Etemad, K., “Overview of mobile WiMAX technology and
evolution”, Communications magazine, IEEE, vol. 46, p31-40,
2008.

Miray Kas, Burcu Yargicoglu, Ibrahim Kopeoglu, and Ezhan
Karasan, “A Survey on Scheduling in IEEE 802.16 Mesh Mode”,
IEEE COMMUNICATIONS SURVEYS & TUTORIALS, VOL.
12, NO. 2, SECOND QUARTER 2010.

Bo Rong, Yi Qian and Kejie Lu, “Integrated Downlink Resource
Management for Multiservice WiMAX Networks”, IEEE
Transactions On Mobile Computing, VOL.6, NO.6, JUNE 2007.
Dusit Niyato and Ekram Hossain, “Radio Resource Management
Games In Wireless Networks: An Apporach to Bandwidth
Allocation and Admission Control for Polling Service in IEEE
802.16”, IEEE Wireless Communications, February 2007.
Leonardo Badia, Andrea Baiocchi ,Simone Merlin, Silvano
Pupolin, Andra Zanella and Michele Zorzi, “On The Impact of
Physical Layer Awareness on Scheduling and Resource
Allocation in Broadband Multicellular IEEE 802.16 Systems”,
IEEE Wireless Communication, February 2007.

(12]

(13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

Bo Rong and Yi Qian, “Adaptive Power Allocation and Call
Admission Control in Multiservice WiMAX Access Networks”,
IEEE Wireless Communications, February 2007.

Syed Hussain Ali, Ki-Dong Lee and Victor C.M. Leung,

“Dynamic  Resource Allocation in OFDMA  Wireless
Metropolitan Area Networks”, IEEE Wireless Communications,
February 2007.

Andrea Goldsmith, “Wireless

Communications”, ISBN:9780521837163, 2005

Sanam Sadr, Alagan Anpalagan and Kaamran Raahemifar,
“Suboptimal Rate Adaptive Resource Allocation for Downlink
OFDMA  Systems”, Hindawi Publishing  Corporation,
International Journal of Vehicular Technology, Volume 2009.

lan C. Wong, Zukang Shen, Brian L. Evans and Jeffrey G.
Andrews, “A Low Complexity Algorithm for Proportional
Resource Allocation in OFDMA Systems”, IEEE Workshop on
Signal Processing Systems, 2004. SIPS 2004.

Liyanage, M., Keio,Yokohama, “Low Complexity Resource
Allocation Algorithm by Multiple Attribute Weighing and User
Ranking for OFDMA Systems”,First International Conference on
Communications and Electronics, 2006. ICCE '06.

Wei Yu and John M. Cioffi, “On Constant Power Water-filling”,
IEEE International conference on Communications, 2001.
Zukang Shen, Jeffrey G. Andrews and Brian L. Evans, “Optimal
Power Allocation in Multiuser OFDM  Systems”, IEEE
GLOBECOM 2003.

Ayman Alsawah, Inbar Fijalkow, “FAIR SERVICE PROVISION
IN OFDMA  WITH PARTIAL CHANNEL-STATE
INFORMATION”,SPAWC 2008.

Mo-Han Fond, Robert Novak, Sean McBeath and Roshni
Srinivasan, “Improved VoIP Capacity in Mobile WiMAX
Systems Using Persistent Resource Allocation”, IEEE
Communications Magazine, October 2008.

Spyros Xergias, Nikos Passas and Apostolis K. Salkintzis,
“Centralized Resource Allocation for Multimedia Traffic in IEEE
802.16 Mesh Networks”, Proceedings of the IEEE, Vol. 96, No.1,
January 2008.

Fen Hou, James She, Pin-Han Ho and Xuemin Shen, “A Flexible
Resource Allocation and Scheduling Framework for Non-real-
time Polling Service in IEEE 802.16 Networks”, IEEE
Transactions On Wireless Communications, VOL. 8, NO. 2,
FEBRUARY 2009.

Jianwei Huang, Vijay G. Subramanian, Rajeev Agrawal and
Randall A. Berry, “Downlink Scheduling and Resource
Allocation for OFDM Systems”, IEEE Transactions on Wireless
Communications, VOL. 8, NO. 1, JANUARY 2009.

Seong Taek Chung and Andrea Goldsmith, “Degrees of Freedom
in Adaptive Modulation: A Unified View”, IEEE Trans.
Communi., Vol. 49, No. 9, pp. 1561-1571, Sept. 2001.

Najib A. Odhah, Moawad I. Dessouky, Waleed E. Al-Hanafy,
and Fathi E. Abd El-Samie, "Low Complexity Greedy Power
Allocation Algorithm for Proportional Resource Allocation in
Multi-User OFDM Systems",Journal of Telecommunications and
Information Technology,4/2012.

Chien-Chi Kao, Shun-Ren Yang, Lee-Fan Chang, “A Resource
Allocation Scheme for Scalable Video Multicast in WiMAX
Relay Networks”, IEEE Transactions on Mobile Computing,
Issue 1, Volume 12, Jan. 2013 [10]

J. Soldatos, E. Vayias, and G. Kormentzas, “On the Building
Blocks of Quality of Service in Heterogeneous IP Networks”,
IEEE Communications Surveys & Tutorials, vo.7, no.1, pp. 69-
99, 2005.

Abdel Karim Al Tamimi, Raj Jain,”Modeling and Resource
Allocation for Mobile Video over WiMAX Broadband Wireless
Networks”, IEEE JOURNAL ON SELECTED AREAS IN
COMMUNICATIONS, VOL.28, NO.3, APRIL 2010.

Chih-Wei Huang ; Shiang-Ming Huang ; Po-Han Wu ; Shiang-
Jiun Lin ; Jeng-Neng Hwang , " OLM: Opportunistic Layered
Multicasting for Scalable IPTV over Mobile WIMAX ", IEEE
Transactions on Mobile Computing, Vol. 11, Issue:3, pp. 453-
463,2012

J. She, F. Hou, P.-H. Ho, and L.-L. Xie, “IPTV over WiMAX:
Key Success Factors, Challenges, and Solutions [Advances in
Mobile Multimedia]”, IEEE Comm. Magazine, vol. 45, no.8, pp.
87-93, Aug. 2007.

W.-H. Kuo, T. Liu, and W. Liao, “Utility-Based Resource
Allocation for Layer-Encoded IPTV Multicast in IEEE
802.16(WiMAX) Wireless Networks”, Proc. IEEE Int’l Conf.
Comm. (ICC), pp. 1754-1759, June 2007.


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Liyanage,%20M..QT.&searchWithin=p_Author_Ids:37298011600&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4156440

International Journal of Engineering & Technology

76

[33]

[34]
[35]

[36]

[37]

[38]

S.-M, Huang, C.-W. Huang, P.-H. Wu, J.-N. Hwang, V. Gau, and
Y.-C Chen, “Resource Efficient Opportunistic Multicast
Scheduling for IPTV over Mobile WiMAX”, Proc. IEEE
Vehicular Technology Conf. (VTC), pp. 1-5, May 2010.

pp. 1-5, May 2010.

Abdel Karim Al Tamimi, Chakchai So-In and Raj Jain,“Modeling
and Resource Allocation for HD Videos over WiMAX
Broadband Wireless Networks”, IEEE COMSOC MMTC E-
LETTER, Vol.5, No.3, May 2010.

Wankhede V.A., Jha R., Dalal U.D.,”Resource Allocation
Algorithm for WiMAX”, IEEE International Conference on
Computer and Networking,2011.

Wankhede V.A., Jha R., Dalal U.D.,”Genetic Algorithm for
Resource Allocation in WiMAX Network”, International Journal
of  Communications, Network and System  Sciences,
Vol.5,N0.6,2012.

Nassar Ksairi, Pascal Bianchi, Philippe Ciblat, Walid Hachem,
“Resource Allocation for Downlink Cellular OFDMA Systems-
Part I: Optimal Allocation”, IEEE TRANSACTIONS ON
SIGNAL PROCESSING, VOL. 58, NO. 2, FEBRUARY 2010.

[39]
[40]

[41]
[42]

(43]

(44]

[45]

D. Bertsekas, “Nonlinear Programming”, Athena Scientific, 1995.
Stephen Boyd, Lieven Vandenberghe, “Convex Optimization”,
Cambridge University Press. [1]

Thomas Weise,“Global Optimization Algorithms- Theory and
Application-“, Version 2009-06-26.

P. Rama Murthy, “Operations Research”, New Age International
Publishers.

Bothina El-Sobky, “An Active-Set Trust-Region Algorithm for
Solving Constrained Multi-Objective Optimization Problem”,
Applied Mathematical Sciences, Vol. 6, no.33, 1599-1612, 2012.
M. Kuran, G. Gur, T. Tugcu, and F. Alagoz, “Cross —layer
Routing-Scheduling in IEEE 802.16 Mesh Networks”, in
Proceedings of the 1st International Conference on MOBILE
Wireless MiddleWARE, Operating Systems, and Applications.
ICST (Institute for Computer Sciences, Social-Informatics and
Telecommunications Engineering), ICST, Brussels, Belgium,
2008.

M. Ahmed, “Call Admission Control in Wireless Networks: a
Comprehensive Survey”, IEEE Communications Surveys &
Tutorials, vol. 7, no.1, pp. 49-68, 2005.



