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Abstract 

Optical – WiMAX network provides the transfer rate in a different level, which shows an appropriate hierarchy of the capacity. The 
integration of Optical network with WiMAX is regarded as a promising solution for the access in realizing the convergence over fixed 
and mobile networks. The integration of Optical – WiMAX hybrid access network allows the allocation of the connecting bandwidth 
and a packet transfer scheduler, that better supports quality of service and improves the bandwidth of the network. The complemen-
tary features of such network can bring the economic efficiency to the network providers also. Therefore, the task of this paper is to 
investigate the traffic of services in the hybrid ONU/BS unit of the access network, evaluating the effect to the services of different 
type flows, which are provided over the Optical – WiMAX hybrid access network. Due to this, the mathematical model was created 
and the hybrid ONU/BS unit was divided into two parts: the unit of the optical network and the base station. The service's time in 
ONU/BS was estimated using the formation and description system of M/M/n/n/n for the queues of non-preemptive and preemptive 
priorities. The QoS parameters of uplink and downlink traffic of services in the hybrid ONU/BS unit was analysed using the created 
model in the environment of Java Modelling tool. The method of selection the queuing behaviour in the QoS scheduling, when the 
incoming traffic is dependent on the different distribution of the various classes of the services are as the result of this investigation. 

 
 
1. INTRODUCTION 

The hybrid optical – WiMAX network is a broadband 
network with a wide bandwidth and network cover-
age, the high reliability of the quality of service 
(QoS), the more cost effective network deployment 
and the lower prices of the network operating [1]. 
The integrated architectures of the hybrid optical – 
WiMAX network are based on the broadband an-
tennas. Their base stations are sending the same 
wireless signals to mobile stations at the same time 
within the coverage areas [2]. Optical and WiMAX 
networks provide the transfer rate in different levels. 
The integration of these networks allows to combine 
the allocation of the transmission bandwidth and the 
planning of the packets transmission. This affects 
the higher QoS and improves the network through-
hput [3]. However, such processes as the control, 
data transmission or management [3,4] increase 
the impact of the hybrid network’s parameters to the 
provision of the services of different types. The 
search of solutions for the effective management of 
these processes is a subject to a various investiga-

tions for the dependence of the network parameters, 
such as: the probability for the packets loss versus 
load [5]; the power use versus data bandwidth [6]; 
the packets’ delay versus the transmission band-
width [7] and traffic load, when the duration of the 
cycle (CT) is different [8]. Nevertheless, the main 
problem is the gateway ONU/BS node, which affects 
the processes of the control, data transmission or 
management. The hybrid ONU/BS node influences 
the processing time of the services at the user’s side. 

Due to this, the investigation of the traffic of ser-
vices in the hybrid ONU/BS node, evaluating it im-
pact to the processing time of the services of differ-
ent type flows in the optical – WiMAX hybrid access 
network are presented in this paper. 

2. THE PROPOSED ALGORITHM FOR THE  
INVESTIGATED ONU/BS OPERATION IN THE 
HYBRID OPTICAL – WIMAX ACCESS NETWORK  

The integration of the hybrid optical – WiMAX ac-
cess network nodes can be in different variants 
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(Fig. 1). The variant, when the optical network unit 
(ONU), WiMAX base station (BS) and the connec-
tion controller (CC) is in one place, was selected for 
the investigation. The optical network was the 
Ethernet passive optical network (EPON). The net-
work management is centralized, because the opti-
cal line terminal (OLT) manages the flows from the 
subscribers’ stations (SS) and the data transmis-
sion of WiMAX network. The quality parameters of 
the different services strongly depend on the pro-
cesses of such management.  
 

 

Figure 1. The structure of ONU/BS nodes in the investigated 
hybrid EPON – WiMAX access network 

The relation between the centralized management 
of the data flows in the hybrid EPON – WiMAX net-
work and QoS classification is presented in Fig. 2.  

 

Figure 2. The relation between the centralized management of 
the data flows in the hybrid network and QoS classification 

According to the centralized management of the 
data flows in the hybrid EPON – WiMAX network 
the authors proposed the algorithm for the effective 
ONU/BS operation (Fig. 3). First, the subscribers’ 
stations (SS) create a log queries over WiMAX ge-
nerator. The WiMAX requests’ aggregator collects 
all these queries using the messages of the band-
width requests. Then the queries are sent to the 
ONU/BS and classified according to the five classes 
of QoS: the unsolicited grant service (UGS), the ex-
tended real time polling service (ertPS), the real 
time polling service (rtPS), the non-real time polling 
service (nrtPS), the class of best effort (BE). The 
classification depends on the bandwidth manage-
ment table (BMT).  

 

Figure 3. The proposed algorithm of ONU/BS operation in the 
hybrid EPON – WiMAX access network 

The EPON services’ classes have given bandwidth, 
which is transmitted using the GATE messages into 
the EPON grant processor. When the bandwidth is 
assigned to the ONU/BS, the scheduling of WiMAX 
uplink provides the bandwidth to the subscribers’ 
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stations according to the BMT instructions. The 
uplink data transmission and the classification of 
the different types of services are executed in the 
subscribers’ stations (SS). The planned data traffic 
from UGS to BE reaches only the ONU/BS node. 
The data is multiplexed into the queues’ priorities 
after the quality classification. EPON ONU planner 
transmits the data traffic with the QoS records to 
the OLT. At the end of the transmission, the data 
traffic is transmitted from the SS directly to the OLT, 
thus reducing the delay of the data packets trans-
mission. 

3. THE MATHEMATICAL MODEL FOR THE  
HYBRID ONU/BS NODE 

The mathematical model of the hybrid ONU/BS was 
created in order to evaluate the processing delay of 
the data packets in this node. The proposed algo-
rithm for the delay evaluation of the packets trans-
mission is presented in Fig. 4. The model is applied 
for the hybrid ONU/BS of the centralized planning. 
The mechanism of the centralized planning starts 
later than the packets leave the ONU/BS node. In 
this case, the instantaneous transfer of the data is 
approaching during the cycle or a frame. All reser-
vation of the bandwidth is performed through the 
SS and the ONU/BS. The duration of the cycle (CT) 
or the frame (FT) varies from 2 ms to 5 ms [8]. The 
packets’ delay T of the hybrid optical – WiMAX 
access network can be calculated [8]: 

queuegrantpoll TTTT  ;  (1) 

here Tpoll – the time between the packet arrival and 
the next request from ONU; Tgrant – the time be-
tween the request from ONU and the permission 
from OLT; Tqueue – the queuing delay after the per-
missions from OLT. 

The time between the packet arrival and the next 
request from ONU is evaluated using  

2

maxT
Tpoll  ;  (2) 

here Tmax is the maximum polling during the cycle 
(3). 











R

W
GNT BS

ONU

max
max ;  (3) 

here BS

ONU

N marks the number of ONU and BS; G is 
the guard time between the transmission windows; 
Wmax is the maximum size of the transmission win-
dow; R is the uplink transmission rate of EPON.  

 

Figure 4. The proposed algorithm for the delay evaluation of 
the packets transmission 

4. THE INVESTIGATIONS OF THE PROCESSING 
TIME OF UPLINK AND DOWNLINK DATA  
TRAFFIC OF THE DIFFERENT SERVICES 

The simulation tests of the processing time eva-
luation of uplink and downlink data traffic of the dif-
ferent services were carried out using the software 
of Java Modelling Tools v.0.8.0. The structure of the 
simulated uplink hybrid ONU/BS node is presented 
in Figure 5 and the structure of the simulated 
downlink hybrid ONU/BS node - in Fig. 6. The cha-
racteristic, that was analyzed, is the delay analyzed 
as the dependence of the services’ processing time 
on the load of the ONU/BS.  

 

Figure 5. The structure of the simulated uplink ONU/BS  

 

Figure 6. The structure of the simulated downlink ONU/BS  
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The uplink ONU/BS is when the users send the 
requests for the service to the OLT. The downlink 
ONU/BS is when the OLT transmits the services to 
the users. The investigation of the hybrid optical – 
WiMAX access network was carried out in two 
ways: a) when there is one hybrid ONU/BS node in 
the network; and b) when there are N hybrid 
ONU/BS nodes in the network. The initial data, 
used in simulation, are presented in Table 1. The 
investigation of one hybrid ONU/BS node in the 
network was carried out when the intensity of the 

data packets’ flow   was described in the different 
laws of the different types of services: the exponen-
tial distribution – for the UGS and ertPS; the Pareto 
distribution – for the rtPS and nrtPS; the burst nor-
mal distribution – for the BE services.  

Table 1. Parameters used in simulation 

Parameter Value 

The number of ONU/BS nodes N 16 

The guard time G 5 s  

The maximum size of the transmission 
window Wmax 

750 B 

The uplink transmission rate of EPON R 10 Mbps 

The duration CT 5 ms 

The length of the queue Q  600 packets 

The length of the waiting permission WP 250 B 

The intensity of the data packets’ flow  , 

packets/s 

UGS – 10 
ertPS – 15 
rtPS – 25 

nrtPS – 15 
BE – 35 

The intensity of the processing of data 
packets’ flow  , packets/s 

UGS – 550 
ertPS – 550 
rtPS – 550 

nrtPS – 750 
BE – 750 

The intensity of the processing of data packets’ flow 
  was described in the exponential distribution with 
the limited capacity of the buffer.  

The results of this investigation are presented in 
Figures 7 and 8. 

 

Figure 7. The service‘s processing time versus the load of 
ONU/BS in the uplink 

 

Figure 8. The service‘s processing time versus the load of 
ONU/BS in the downlink 

According to the results from Fig. 7 and Fig. 8, it 
can be seen, that the uplink delay is longer than the 
downlink delay, except the BE service. The average 
processing time of the uplink services is longer in 
1.9 times for UGS service, 1.4 times for ertPS and 
rtPS services, 1.1 time for nrtPS service in compari-
son with the downlink. The average processing time 
of the uplink service is shorter in 0.7 times only for 
BE. The processing time of BE service in the 
downlink ONU/BS varies from 5.8 ms to 9.7 ms, 
according to the load of the ONU/BS.  

The results of the investigation, when there were N 
hybrid ONU/BS nodes in the network, are presen-
ted in Figures 9 and 10.  

 

 

Figure 9. The service‘s processing time versus the load of 
ONU/BS in the uplink 

According to the results in Fig. 9 – 10, when there 
are 16 hybrid ONU/BS nodes, it can be stated, that 
the uplink delay is longer than the downlink delay, 
except the BE service. The average processing 
time of the uplink is longer in 1.5 times for UGS 
service, 1.3 times for ertPS, and rtPS services; 1 ti-
me for nrtPS service in comparison with the down-
link. It is shorter in 0.8 times for BE service. 

The processing time of BE service in the downlink 
ONU/BS varies from 10.9 ms to 14.8 ms.  

 
0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Load of the hybrid ONU/BS ρ, %

P
ro

c
e

s
s

in
g

 t
im

e
 o

f 
s

e
rv

ic
e

 T
,m

s

UGS

ertPS

rtPS

nrtPS

BE

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Load of the hybrid ONU/BS ρ, %

P
ro

c
e

s
s

in
g

 t
im

e
 o

f 
th

e
 s

e
rv

ic
e

 T
, 

m
s

UGS

ertPS

rtPS

nrtPS

BE

0

2

4

6

8

10

12

14

16

18

20

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Load of the hybrid ONU/BS ρ, %

P
ro

c
e

s
s

in
g

 t
im

e
 o

f 
th

e
 s

e
rv

ic
e

 T
, 

m
s

UGS

ertPS

rtPS

nrtPS

BE



74 CEMA’13 conference, Sofia 

 

Figure 10. The service‘s processing time versus the load of 
ONU/BS in the downlink 

5. CONCLUSIONS 

In this paper, the authors investigated the optical – 
WiMAX hybrid access network and proposed the 
algorithm of the effective ONU/BS operation in this 
network. According to the obtained results, it can be 
stated, that using the proposed algorithm for the 
ONU/BS operation: 

 the processing time in ONU/BS of rtPS and 
ertPS services are 29% shorter in the 
downlink than uplink, when was investi-
gated one hybrid access node in the net-
work; 

 the processing time in ONU/BS of rtPS ser-
vice is 19% shorter and the processing time 
of ertPS service – 21% shorter in the down-
link compared with the uplink, when was 
investigated 16 hybrid access nodes in the 
network. 

The obtained results of the investigation allow to 
state, that the proposed algorithm for the operation 
of the hybrid ONU/BS node enables to process 
more effectively the users’ requests for the real – 
time services, such as VoIP or video, even with the 
increasing load of the access node in the hybrid 
optical – WiMAX network. 
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