
 

Abstract--An efficient scheduling algorithm has been 
proposed for upstream bandwidth allocation in OFDMA 
PON systems to support differentiated services. Simulation 
result illustrates that the proposed algorithm obtains high 
throughput performance and channel utility. 

I.  INTRODUCTION  
Orthogonal Frequency Multiplexing Access Passive 

Optical Networks (OFDMA PONs) [1-2] have numerous 
advantages such as high capacity access, flexible 
granularity of bandwidth allocation and compatible 
Optical Distribution Networks (ODNs). One of the major 
issues for OFMDA PONs is how to efficiently assign the 
upstream bandwidth to different ONUs based on their 
traffic information. There is a traditional two-layer 
bandwidth allocation (TLBA) scheduling algorithm 
introduced in [3]. Based on this traditional algorithm, a 
new scheduling algorithm has been proposed in [4] to 
improve the bandwidth utilization efficiency and 
throughput. However, the proposed algorithm in [4] does 
not consider the Quality of Service (QoS) and fairness of 
differentiated services.  

 In this paper, a novel scheduling algorithm for 
efficient upstream bandwidth allocation in the OFDMA 
PON systems to support differentiated services with 
different priorities has been proposed. The proposed 
scheduling algorithm is hierarchical two-steps scheduling, 
namely Inter-ONU scheduling and Inner-ONU 
scheduling. The bandwidth is allocated to ONUs by their 
total transmitted data weight value in the Inter-ONU 
scheduling to improve the bandwidth utilization 
efficiency and throughput, and in the Inner-ONU 
scheduling, the bandwidth is firstly distributed to the 
high-priority service to guarantee the QoS and then is 
proportionately distributed to the other services to keep 
the fairness. Throughout this paper, services are divided 
into three classes: Expedited Forwarding (EF), Assured 
Forwarding (AF) and Best Effort (BE). EF is a high-
priority service for voice. AF is a middle-priority service 
for video applications and BE is a low-priority service for 
Internet access applications. 

 From the simulation result, compared with the TLBA 
algorithm, the proposed algorithm has higher throughput 
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performance and channel utility efficiency by introducing 
the data weight value. Meanwhile, unlike the algorithm in 
[4], this novel proposed algorithm guarantees the QoS of 
the EF service and improves the fairness between AF and 
BE service.  

II.  THE PROPOSED SCHEDULING ALGORITHM 

A. The sub-channel assignment scheme 
The sub-channel assignment scheme for the proposed 

scheduling algorithm is shown in Fig.1. 

 Fig.1 The proposed sub-channel assignment scheme 
B. Explanation of symbols 

Tcycle is the polling cycle of the OFDMA Frame. N is 
the number of the ONUs in the OFDMA PON systems. 
The amount of data collected by the Optical Line 
Terminal (OLT) from each ONU needing to be 
transmitted through the PON is stored in Matrix L, which 
can be written as (1) 
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Where L1i, L2i and L3i represents the amount of EF 
service, AF service and BE service data needing to be 
transmitted in ONU i (i=1,2…,N), respectively. 

Suppose there are K sub-channels in OFDMA PON 
system and the size of each sub-channel is fB

 
.The 

bandwidth efficiency of each sub-channel is same, 
namely . The weight value of EF service, AF service, 
and BE service is P1, P2, and P3 respectively, where 
P1>P2>P3. Average weight value is AW=[A1,A2,…,AN] 
and total weight value is TW=[T1,T2,…,TN],where 
Ai=(L1i×P1+ L2i×P2+ L3i×P3) (L1i + L2i + L3i)

 
 represents 

the average weight value of ONU i and Ti= L1i×P1+ 
L2i×P2+ L3i×P3 represents the total weight value of ONU i 
(i=1,2,…,N). Set Si records the sub-channels occupied by 
ONU i. Obviously, Si Sj=Ø(i j). Suppose X=(xij)K×N 
is K N×  dimension matrix, where xij=0 or 1. If xij=1, it 
represents sub-channel i is occupied by ONU j; if xij=0, it 

Upstream Bandwidth Allocation Supporting 
 Differentiated Services in OFDMA PONs 

Weizhi You, Lilin Yi*, and Weisheng Hu 
State Key Lab of Advanced Optical Communication Systems and Networks, Shanghai Jiao Tong University, Department of 

Electronic Engineering, Shanghai 200240, China 
 *E-mail: lilinyi @sjtu.edu.cn 

132

2012 17th Opto-Electronics and Communications Conference (OECC 2012) Technical Digest
July 2012, Busan, Korea

978-1-4673-0978-3/12/$31.00 ©2012 IEEE                           

4A3-5



 

represents sub-channel i is not occupied by ONU j. Dmax 
represents the largest number of the sub-channels that one 
ONU can occupy. B=Tcycle×fB×  is the amount of 
transmitted data of each sub-channel during each 
OFDMA frame duration cycle. 
 The assigned bandwidth size of different priority 
services in each ONU after the proposed algorithm will 
be recorded in matrix W, which can be written as (2) 

11 1 1
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31 3 3

i N

i N

i N

W W W
W W W W

W W W
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                                          (2) 

Where W1i, W2i and W3i represents the number of EF 
service, AF service and BE service bandwidth size 
assigned in ONU i (i=1,2…,N), respectively.  
C. The Proposed Scheduling Algorithm 
Inter-ONU scheduling algorithm: 

Step 1: Let Si= Ø ( i=1,2…,N), XK×N=0K×N, calculate 
AW,TW, and B , k=1 and determine  Dmax; 

Step2: 
{1, 2 ,..., }

a rg m ax i
i N

i T
∈

= ; 

Step3: Let xki=1 and update matrix XK×N, put the sub-
channel k into the set Si and Ti=Ti-B×Ai; 

Step4: If Num(Si) Dmax or Ti 0, let Ti=0, where the 
operation Num(Si) represents calculating the 
number of elements in the set Si; 

Step5: If k=K, then finish the algorithm and the 
distribution of sub-channels among ONUs can 
be seen in sets Si (i=1,2,…,N). Otherwise, let 
k:=k+1,and go to step2. 

Inner-ONU scheduling algorithm  
After Inter-ONU scheduling algorithm, we know ONU 

i gets Num(Si) sub-channels, let Wtraffic(i)= Num(Si)×B  
and  Wrest(i)=Wtraffic(i)-W1i ,where  i=1,2…N. 
Step1: Considering the high-priority of the EF service 

and guaranteeing the QoS, we should satisfy this 
service completely. Hence, W1i=L1i (i=1,2,…,N); 

Step2: Considering the fairness between AF and BE 
service, we assign the rest bandwidth according to 
the weight value proportion of the transmitted 
data, namely 
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   (3)                                

III.  PERFORMANCE EVALUATION  
In this Section, we investigate the channel utilization 
(CU) and throughput performance of our proposed 
algorithm. CU is defined as CU= M /D, where D is the 
total amount of data needing to be transmitted and M is 
the total amount of data transmitted in  OFDMA frame 
cycle. The simulation setup is as follows. Assume the 
OFDMA PON supports 32 ONUs and the 
upstream/downstream data rate is set as 10Gb/s. We 
consider 2048 OFDMA sub-channels, among which 32 
sub-channel are shared by ONUs as message control 
channel. Tcycle=2ms, =1b/s/HZ, Dmax=256 P1=9, P2=5 
and P3=3. The proportion of different service is 
EF:AF:BE=2:3:4. We assume the traffic flows of each 
service are modeled by exponential sequence. To 
illustrate the performance of proposed scheduling 

algorithm, TLBA algorithm in [3] is also simulated based 
on the same condition.  

In Fig.2, it’s clearly that when traffic load<0.7, the 
throughput of the two scheduling are similar; when the 
traffic load>0.7, the throughput of TLBA is smaller than 
that of the proposed algorithm because of the failure of 
exploiting statistical multiplexing gain. Furthermore, the 
proposed scheduling algorithm not only guarantees the 
QoS of EF service, but improves the fairness between AF 
and BE service. In Fig.3, we can know that the channel 
utility of the two algorithms is similar when load<0.6. 
However, when load>0.6, the channel utility of the 
proposed algorithm is greater than that of TLBA.  
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Fig.2  The throughput of different services of the two algorithms 
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Fig.3  The channel utilization of the two algorithms  

IV.  CONCLUSIONS 
This paper proposes a novel hierarchical two-steps 

scheduling algorithm for upstream bandwidth allocation 
in OFDMA PON systems. Simulation results illustrate 
the proposed algorithm has high throughput performance 
and channel utility. Meanwhile the proposed algorithm 
guarantees the QoS of the high-priority service and 
improves the fairness between AF and BE service. 
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