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  Abstract- One of the application of the second stage of next 

generation passive optical network (NG-PON2) based on time 

and wavelength division multiplexed PON (TWDM-PON) is 

expected to be fronthaul streams in fifth generation (5G) mobile 

networks. TWDM-PON has ability to transfer up to 40 Gbps and 

can be coexistence with previous time division multiplexed TDM-

PON generations without any change to optical distribution 

network (ODN). In this paper, we demonstrate a software defined 

(SD) dynamic bandwidth wavelength allocation (DBWA) 

mechanism in converged mobile and TWDM-EPON architecture. 

In the proposed mechanism, the multi-scheduling domain (MSD) 

is used to separate the bandwidth allocation between hybrid 

remote radio network unit/optical network unit (RRU/ONU) and 

conventional ONU into virtual groups (VGs). When the current 

wavelength in certain VG is overloaded, the optical line terminal 

(OLT) automatically distributes to the other wavelengths in the 

others VGs. Simulation results show that our proposed 

mechanism is able to maintain the overall quality of services 

(QoS) system performance in terms of mean packet delay and EF 

jitter. 
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I.    INTRODUCTION 

 

The ever-increasing bandwidth demand of new 

generation emerging applications or services such as, Internet 

Protocol Television (IPTV), Three-Dimension Television 

(3DTV), super Multiview TV or digital holographic TV, 

online gaming that able to giving the people of new futuristic 

experience has led to the major transformation of broadcast 

landscape in recent years [1]. Moreover, new technologies 

such as augmented reality, virtual reality or even mixed-reality 

and the explosion of connected devices through the Internet of 

Things (IoT), could create an immersive environment that will 

bring customer experiences to the next level, becoming the 

next frontier of future immerse multimedia broadcast services. 

These types of bandwidth hungry applications will increase 

more than 15-fold on average until 2021 as shown in Figure 1; 

and the aforementioned traffics will be mainly initiated by 

mobile devices [1]. 

In wireless networks, such as the fourth(4G)- /fifth(5G)-

generation, optical networks technologies and architecture can 

be used for backhaul/fronthaul of future radio access networks. 

The mobile fronthaul plays an important role as an element in 

the Cloud-Radio Access Network (C-RAN) architecture, 

connecting the centralized baseband units (BBUs) with 

Remote Radio Units (RRUs). However, in the 5G mobile 

communications, the coverage can be much smaller i.e., 

approximately hundreds of meters of less, which introduces 

very dense RRU deployment [2], with stricter requirements 

such as high capacity, low latency, low cost and power bit.   

Therefore, to this end, there is a need of robust, scalable, and 

highly available system solutions so that the network operators 

can accurately design their network for distributing such 

applications contents to the customer with high Quality-of-

Services (QoS).  The future trend is to deploy a converged 

network that can reduce the operation and deployment cost. 

One of the key factors in a converged network is a huge 

bandwidth requirement. It is already being predicted that 

mobile data traffic will bring great pressure to the wireless 

network provider, due to many emerging applications such as 

4K or even 8K high-definition video, or even 

Virtual/Augmented Reality (VR/AR) applications.  

The optical networks have been continuously evolving to 

address the ever-increasing bandwidth demands in the near 

future. Optical network, more specifically Fiber-to-the-x 

(FTTx, with x being home, building or cabinet) is regarded as 

one of the best solutions in the access networks for serving 

diverse emerging applications services due to a large amount 

of bandwidth only in one single fiber. FTTx networks and in 

particular passive optical networks (PONs) are the most 

promising candidates to enable the convergence of these 

different services on a single metro-access architecture [3].  

Today, Gigabit PON (GPON) and Ethernet PON (EPON) 

systems are already widely deployed around the world. Among 

the PON systems, the Time-Division-Multiple-Access 

(TDMA)-PONs have become the preferred FTTx technology, 

penetrating more than 70% of the households in develop 

country, the highest since 2015 [4]. Moreover, to meet the 5G 

networks demands, the hybrid time- and wavelength-division 

multiple access (TWDM)-PON has been chosen as the next 

generation PON technology in the NG-PON2 standard. 

Currently, TWDM-PON have attracted many researchers 

as the next step in relation to optical access systems, which 

again has been standardized by the Full Service Acess 
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Network. One of major application of TWDM-PON is 

expected to be fronthaul streams in the 5G architecture mobile 

networks [5]. Recently, IEEE has initiated the 100G-EPON 

task force (802.3ca), that aim to achieve at least 25 Gbits/s data 

rate per-channel [5].  

In both industry and academia, Ethernet based PON 

(EPON) has received numerous attentions due to its cost-

effective, simplicity and high data rate [3]. IEEE 802.3ah is the 

main standard of EPON, followed by IEEE 802.3av in 2009 

with multi-rate up to 10Gbit/s symmetric/asymmetric 

capability, and it was traced by the IEEE 1904.1 for SIEPON 

in 2013 [6], revised in 2017, which provides multivendor 

interoperability of EPON equipment while accommodating 

many kinds of system-level interoperability specifications 

covering equipment functionality, traffic engineering, and 

service-level quality of service/class of service (QoS/CoS) 

mechanisms [7].  

TWDM-EPON combines the advantages of TDM and 

WDM into one architecture, in which the frames can be 

transmitted to ONUs over several wavelengths [8]. Therefore, 

the basic structure of TWDM-EPON consists of four pairs of 

wavelengths i.e., {1, 5}, {2, 6}, {3, 7}, and {4, 8}. 

Each pair can provide 10Gbps and 2.5Gbps of data rate in 

downstream and upstream transmission respectively [8], hence 

the full operational TWDM-PON will have up to 40Gbps for 

downstream transmission and 10Gbps for upstream 

transmission.   

The ONUs in TWDM-EPON should be equipped with the 

tunable transmitters and receivers [16]. Moreover, in the 

optical amplifiers (OAs) and WDM Mux/Demux are placed at 

the OLT side, making the optical distribution network (ODN) 

remains passive [9]. The OAs in OLT side are required to 

promote the downstream signal and to pre-amplify the 

upstream signals. Additionally, the transceiver in the OLTs 

should be adaptively change based on the traffic conditions. 

For instance, if the OLT has four available transceivers and the 

traffic loads are less than 25%, then only one transceiver can 

be activated [4], reducing the energy consumption. Therefore, 

the dynamic bandwidth and wavelength allocation (DBWA) 

mechanism is needed to coordinate these resources. 

Currently, there are two general methods in DBWA: online 

and offline paradigm. Both methods have its advantages and 

limitation. For example, in offline approach, the DBWA 

calculation will be taking place after the OLT received all the 

REPORT messages from ONUs. Therefore, the OLT has the 

general overview of bandwidth requirement of each ONU so 

that the bandwidth allocation can be allocated fairly; however, 

the OLT executes bandwidth allocation computation after 

receiving REPORT message from all ONUs, thus introducing 

idle period problem. Contrary, in online approach, each ONU 

is scheduled for upstream transmission as soon as the OLT 

receives the REPORT of this particular ONU without waiting 

to receive the REPORT message from the rest of the ONUs. 

Although, the idle period problem can be eliminated, yet the 

OLT has less control of channel transmission time, causing low 

performance of fairness and jitter, particularly in the heavy 

loaded networks conditions [10]. 

Although optical access networks meet the first optical 

communication demands of C-RANs, however, to support the 

strict requirements of future wireless networks i.e., 5G 

wireless, optical access networks need to be enhanced [5]. 

Software-Define-Networking (SDN) is one of recent 

innovations that are expected to address these challenges. 

The SDN architecture decouples the control and data 

planes of a network. A software-based controller responsible 

to manage the forwarded packets according to the set of rules; 

the hardware only handles the forwarded packets according to 

the rules set by the controller [11]. SDN architectures have 

attracted many researches to experiment with novel ideas, 

since it has many capabilities include software-based traffic 

analysis, centralized control, dynamic updating of forwarding 

rules and flow abstraction. 

The introduction of SDN to TWDM-PONs system offers 

numerous advantages, particularly for handling those 

emerging applications, which has very strict QoS 

requirements. The TWDM-PONs coupled with SDN control 

plane can also enable highly dynamic service and capacity 

provision [3]. 

Several SDN-based PON architectures have been 

proposed and implemented [10], [12], [13], [14]. Several SDN-

based PON has been proposed of how to apply the SDN 

architecture in PON networks. For instance, in [12], the authors 

proposed the an SDN-enabled EPON architecture to achieve 

superior upstream resource allocation for better QoS in video-

conferencing clients. Moreover, other studies have proposed 

an application-aware architecture to improve video streaming 

by using an SDN architecture [13]. However, to the best of our 

knowledge few works have been proposed so far that presents 

the applications of SDN-based TWDM-PON. In [14], the 

author(s) proposed a novel dynamic bandwidth and 

wavelength allocation (DBWA) scheme to satisfy the strict 

delay requirements for 5G fronthaul. Further, the study of 

TWDM-PON as architectural choices was demonstrated to the 

densely populated urban areas and rural deployment by 

implementing end-to-end SDN management. Furthermore, 

study in [15] tried to model bandwidth allocation in TWDM-

PON for the fronthaul network to solve large granularity of 

bandwidth requirements. There are still few studies concerning 

the SDN enabled DBWA in the converged mobile fronthaul 

and TWDM-EPON architecture. 

In this paper, we propose a novel Software Defined (SD) 

Enabled DBWA mechanism in converged mobile fronthaul 

and TWDM-PON architecture. The multi-scheduling domain 

(MSD) DBWA domain so that many ONU(s) can transmit 

simultaneously on different wavelengths at a certain time. 

Therefore, several ONU(s) can transmit concurrently, if their 

assigned wavelengths are not overlapping [16].   Moreover, the 

SD in the proposed architecture will separate and virtualize the 

control and data planes of a network and adding more 

functionality of the Optical-Line-Terminal (OLT), together 

with Operation, Administration, Maintenance (OAM) 



The 6th International Conference on Cyber and IT Service Management (CITSM 2018)    
Inna Parapat Hotel – Medan, August 7-9, 2018  

 

functions, including software-based traffic analysis, 

centralized control, dynamic updating of forwarding rules and 

flow abstractions.  

The rest of this paper is organized as follows. Section II 

describes the proposed SD-Enabled Dynamic Bandwidth and 

Wavelength Allocation (DBWA) Mechanism. Section III 

presents a performance evaluation of the proposed 

mechanisms in terms of bandwidth utilization, mean packet 

delay, jitter and packet loss. We conclude our work in Section 

IV.    
 

II.   PROPOSED SYSTEM ARCHITECTURE  

 

This section presents the proposed system architecture for 

the SD-enabled TWDM-EPON, including the DBWA 

mechanism. In IEEE 1904.1 standard (SIEPON), the OLT can 

be distinguished according to the functionalities, which are 

Line-OLT (L-OLT), client OLT (C-OLT), and service OLT (S-

OLT). The L-OLT has the basic management functionalities. 

The C-OLT, on the other hand, combines one or more L-OLT 

with higher-layer functionalities such as, statistics, alarms, 

discovery, registration and so on. Lastly, an S-OLT has all the 

capabilities of C-OLT but with extra service-specific 

functions. Figure 1 illustrates the proposed system, exploiting 

the TWDM-EPON as a mobile fronthaul in the access 

networks. The proposed system has four pairs of wavelengths 

({1, 5}, {2, 6}, {3, 7}, {4, 8}) with tree topology 

approach, with S-OLT at the root of the tree, and S-ONUs as 

the leaves. The feeder fiber and power splitter in between of S-

OLT and S-ONUs. The presents of splitter is to distribute 

power to all s-ONUs, thus, each S-ONU would receive signals 

of all wavelength. To keep the passive characteristics of the 

proposed architecture, these devices i.e., optical amplifiers and 

WDM multiplexer/demultiplexer must be located at the S-

OLT.  We group the S-ONU into two virtual groups (VGs), 

that is VG1 for residential area and VG2 for office/building area. 

Furthermore, as shown in Fig. 3, the S-OLT and BBU are 

interconnected to better address various applications through 

SD routing and capacity sharing. Moreover, the SD in S-OLT 

is also used to adaptively change the data rates and realize the 

dynamic wavelength and bandwidth allocation (DBWA), 

depending on network topology and traffic loads. 

 

A. Proposed S-OLT Architecture 

    The S-OLT with SD enables centralized control of the PON 

system and connects the EPON system to the larger metro area 

network. As mentioned, the S-OLT can have more than one L-

OLTs. The S-OLT in our proposed architecture is consisted of 

four L-OLTs, which connected to the power splitter and S-

ONUs. To be emphasized, each L-OLT has a fixed wavelength 

transceiver, operating with a different wavelength pair, thus, 

maintaining its own operation, administration, and 

management (OAM) and MAC control clients. Moreover, the 

presents of SD in OLT will enhance its capability to provide 

not only wavelength selection to the S-ONUs, but also to 

integrated the routing and capacity sharing between S-OLT 

and BBU for provisioning mobile fronthaul. 

 

B. Proposed S-ONU(s) Architecture 

   The S-ONU(s) with SD has tunable transmitter and 

receivers. A tunable filter will be used to select or tune to any 

of the four downstream wavelengths. In case of upstream 

transmission, the colorless S-ONU is required to provide free 

operation wavelength, enabling easier network laying and 

maintenance [17]. Although the S-ONU can be connected to 

be RRU through its user network interface (UNI), however, in 

our proposed S-ONU, we assume that the S-ONU and RRU 

have seamless integration. The details of seamless integration 

between the S-ONU and RRU is beyond the scope of this 

paper. The concept of this seamless integration has been 

recently proposed and described in [18], [19]. To be noted, the 

SD in S-ONU can also be used to provide intra scheduling 

mechanism, thus, the upstream traffic from wireless user 

equipment (UE) can be seamlessly carried out over the 

TWDM-EPON architecture [5].  

 

C. Proposed Dynamic Wavelength Bandwidth Allocation 

(DBWA) 

 
Figure 1. The High Level of the Proposed System Architecture 
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In our proposed architecture, the DBWA mechanism is 

implemented in S-OLT to dynamically allocate bandwidth 

over four pairs of wavelength, regardless of time 

windows/slots for upstream data transmission at each S-ONU. 

In the proposed mechanism, the offline DBWA approach is 

used; therefore, the OLT will begin calculate the wavelength 

and bandwidth allocation after the REPORT messages from all 

S-ONU(s), including from RRU(s). In other words, each S-

ONU can only transmit with its assigned wavelength(s), during 

the allocated time window to prevent collision in the optical 

distribution network (ODN). After collecting and extracting all 

the REPORT messages, the S-OLT through the SDN controller 

will obtain queues information of each S-ONU/RRU, 

bandwidth requirements, and so on. Moreover, according to 

[16], the DBWA can be classified into three domains: 1) 

single-scheduling domain (SSD), multi-scheduling domain 

(MSD), and wavelength-agile (WA). The WA domain is 

chosen because studies have shown that the users traffic 

behavior in the access networks have different busy hours [2]. 

For instance, during the day, some S-ONU(s) can have more 

bandwidth i.e., S-ONU(s) that is serving office building 

compared with other S-ONU(s) i.e., residential users. 

Furthermore, by implementing the SD in S-OLT, the network 

operators can also adaptively change the wavelength and 

bandwidth allocation, to each S-ONU or RRU according to the 

Service Level Agreement (SLA).  

In our DBWA mechanism referred as Mobile Fronthaul (MF) 

– DBWA, we assume that four pairs of wavelength are used 

i.e., ({1, 5}, {2, 6}, {3, 7}, {4, 8}), where 1 – 4 

indicated downstream wavelengths, and 5 – 8 indicated 

upstream wavelengths, respectively. Moreover, we also 

separate the hybrid S-ONU/RRU and S-ONU with 2 number 

of virtual groups (VGs). Let VGj denote virtual group i, where 

1 j  n, and VGij denote the number of j ONUs in VGi. 

Therefore, the total number of S-ONUs in VG1 is, N1 = 

∑ 𝑉𝐺1,𝑗
𝑛
𝑗  and N2 = ∑ 𝑉𝐺2,𝑗

𝑛
𝑗 , where VG1 is made for 

FTTH/residential area of S-ONUs, and VG2 is made for Mobile 

Fronthaul/FTTB area of S-ONUs (See Fig. 3). The reason we 

separate these two groups is based on the different traffic 

fluctuation between residential and business (FTTB) area. As 

we mentioned before, the business area can be very dense 

during office hours; on contrary, in the evening time, the dense 

of traffic is moving to residential area [2]. Therefore, during 

the office hours, the S-OLT will set two upstream wavelengths 

as a default to the VG2 i.e., {5-7}, and one wavelength to the 

VG1 {8}and vice versa during evening time. However, to be 

noted, in our proposed mechanism, when there is still available 

bandwidth in VG2, the S-OLT can move some of VG1 

bandwidth allocation to VG2 to enhance or maintain the 

Quality-of-Service (QoS). 

The limited service DBWA approach is used so that each S-

ONU has guaranteed bandwidth/timeslots to prevent 

monopoly from highly loaded S-ONUs. The calculation of 

guarantee timeslots for each ONU (Wmax) as follows [20]: 

𝑊𝑀𝑎𝑥 =  𝑅𝑁 x (
𝑇𝐶𝑦𝑐𝑙𝑒

𝑀𝑎𝑥

𝑁
−  𝑇𝐺𝑢𝑎𝑟𝑑), ………………..(1) 

where 𝑅𝑁 represents the transmission speed of a wavelength 

(bps), 𝑇𝐶𝑦𝑐𝑙𝑒
𝑀𝑎𝑥  is the maximum cycle time, N is the number of S-

ONUs, and 𝑇𝐺𝑢𝑎𝑟𝑑  is the guard time. Therefore, when the 

requested bandwidth from a particular S-ONU is greater than 

the predefined 𝑊𝑀𝑎𝑥, the S-OLT will grant only 𝑊𝑀𝑎𝑥. The 

remaining bandwidth of that particular S-ONU will be 

assigned to the other wavelength if there are still available 

bandwidth. 

The proposed MF-DBWA mechanism works as follows. 

Once the S-OLT receives REPORT messages from all S-

ONUs, the require bandwidth of each S-ONUs is obtained. 

Afterward, the S-OLT will use this information to calculate 

and allocate the bandwidth to each S-ONU in each VG with the 

following algorithm if the traffic load is more than or equal to 

80%. This can be modified through the SD controller to a 

certain threshold according to the network operators. 

 

Pseudocode of MF-DBWA Mechanism Algorithm 

Tscheduled = time for which the upstream channel has been scheduled. 

𝑅𝑇𝑇𝑖𝑗 = round-trip time of the 𝑗𝑡ℎS-ONU; i  {1…2}; j  {1…N} 

Tguard = the guard band interval (constant) 

maxLength = maximum transmission timeslots of 𝑆 𝑂𝑁𝑈𝑖𝑗 (Wmax) 

REPORT.length = packets (bits) at the S-ONUij buffer 

Bleft = the remainng bandwidth 

 
/* Virtual Group 1 – Residential Area */ 

Calculate the total bandwidth requirements of VG2 to determine the number of 

wavelength (k), k  {5}. 

For every received REPORT messages of S-ONUj in VG1 do 

{ 
   startTime = Tscheduled + Tguard 

  if REPORT.length < maxLength then 

    { 
       GRANT = (startTime-RTTi, REPORT.length) 

       Send GRANT message to S-ONU1j 

     }  
  else 

    { 

       Mark S-ONU1j = TRUE /* possible allocation in VG3 */ 
       GRANT = (startTime-RTTi, maxLength) 

       Send GRANT messages to S-ONU1j 

    } 
 

/* Virtual Group 2 – Office/Building Area */ 

Calculate the total bandwidth requirements of VG2 to determine the number of 

wavelength (k), k  {6}. 

For every received REPORT messages in k of RRU/S-ONUj in VG2 do 

{ 
   startTime = Tscheduled + Tguard 

  if REPORT.length < maxLength then 

    { 
       GRANT = (startTime - RTTi, REPORT.length) 

       Send GRANT message to RRU/S-ONU1j 

     }  
  else 

    { 

       Mark S-ONU1j = TRUE /* possible allocation in VG3 */ 
       GRANT = (startTime-RTTi, maxLength) 

       Send GRANT messages to RRU/S-ONU1j 

    }  
}  

 

/* Virtual Group 3 – Office/Building Area – Only Activate when traffic load is 
exceeding certain threshold T */ 
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Calculate the total bandwidth requirements of VG2 to determine the number of 

wavelength (k), k  {7}. 

For every received REPORT messages in k of S-ONUj in VG3 do 
{ 

   startTime = Tscheduled + Tguard 

  if REPORT.length < maxLength then 
    { 

       GRANT = (startTime - RTTi, REPORT.length) 

       Send GRANT message to S-ONU1j 
     }  

  else 

    { 
       GRANT = (startTime-RTTi, maxLength) 

       Send GRANT messages to S-ONU1j 

    }  
}  

III.   PERFORMANCE EVALUATION 

 

TABLE I 

SIMULATION PARAMETERS 

Parameters Value 

Number of ONUs 64 

Number of wavelengths 3 

Number of Virtual Groups (VGs) 3 

Ratio Residential v.s Office 4:1 

Up/down link-rate 1/10 Gbps 

OLT – ONU distance (uniform) 10 – 20 km 

ONU buffer size 10 Mb 

Maximum transmission cycle time 1.5 ms 

Guard time 𝑻𝑮𝒖𝒂𝒓𝒅 5 s 

Control message length 0.512 s 

DBA computation time  10 s 

 

In this section, the performance of the proposed mechanism 

is modeled using OPNET simulator with 64 S-ONUs and one 

S-OLT in terms of packet delay, system throughput, jitter, and 

packet loss under different scenarios. The downstream and 

upstream channels between S-OLT and S-ONUs is set to 10 

Gbps and 1 Gbps, respectively. The distance from S-OLT to S-

ONUs is following uniform distribution from 10 to 20 km with 

10 Mb buffer sizes at each S-ONU. The maximum cycle time 

is set to 1.5 ms. The Sofware-Defined (SD) is implemented in 

the simulation using OPNET. Moreover, self-similarity and 

long-range dependence are used to model the AF and BE 

network traffic, respectively. This model generates highly 

bursty AF and BE traffics with a Hurst parameter of 0.7 [21]. 

The packet size is uniformly distributed between 64 and 1518 

bytes. The EF packet is modeled using T1 circuit-emulated line 

with IP/UDP encapsulation and constant frame rate i.e., 125 s 

with fixed packet size (70 bytes) [20]. The VoIP packet is 

modeled by using G.722_64k, which generates 50pps [22]. 

The ratio between residential and office users is 4:1, i.e., 32 S-

ONUs for residential users, and 16 hybrid S-ONUs/RRUs for 

office area. 
TABLE II 

SIMULATION SCENARIOS 

Scenario EF (%) AF (%) BE (%) 

Residential 14% 43% 43% 

Office 14% 17% 
69% 

(Including 

VoIP Call) 

A. Jitter 

Fig. 2 presents the Jitter performance for the proposed MF-

DBWA mechanism. It can be observed that the jitter was 

fluctuated, particularly when the traffic load is reaching 80%. 

The reason why the EF packet delay was varied because of 

the congested queue in the RRU/S-ONU, which has very 

limited buffer size i.e., 10Mb, thus causes the EF traffic to be 

transmitted with more varying delays. However, the EF jitter 

shown more stable fluctuation in MF-DBWA-Office, since 

another wavelength is being activated, thus each highly 

loaded ONU can have more bandwidth to transfer their data 

to the S-OLT. 

 
Figure 2. Jitter 

B. Mean Packet Delay 

The mean packet delay is calculated based on the polling 

delay, granting delay and queueing delay. The polling delay is 

defined as the time between packet arrival and the next request 

sent by the ONU; granting delay is the time interval from an 

ONU’s request for a transmission windows until the beginning 

of the timeslot in which this packet is to be transmitted; and the 

queue delay is the delay from the beginning of the timeslot 

until the beginning of packet transmission.  

Figure 3(a)-(c) illustrates the mean packet delay versus 

offered loads for EF, AF, and BE respectively. When a traffic 

load is exceeding certain threshold in each VG, in this case is 

80%; the proposed MF-DWBA will separate the highly loaded 

ONUs into VG3. Notice that, as we already mentioned that the 

default group was set to VG1 for residential area and VG2 for 

office area. Therefore, as can be seen, when the VG3 was 

activated, the proposed MF-DBWA can reduce the delay for 

EF, AF, and BE mean packet delay, respectively. Although this 

mechanism can increase the power consumption, however, the 

network operators should also consider the service level 

agreement (SLA), especially for their business customer. 

Nevertheless, the proposed MF-DBWA is activated only when 

the traffic reach 80% to reduce the number of active lasers. 
 

IV.   CONCLUSION 

  This paper has demonstrated the TWDM-EPON architecture 

in a converged network such. Simulation have shown that the 

proposed mechanism can maintain the QoS of overall system 

performance. This was achieved by grouping the residential 

and office area into two or more virtual groups (VGs). 

Moreover, when the traffic load is exceeding certain threshold, 
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the proposed mechanism will add additional VG and a 

wavelength to reduce the load in the other VGs. Furthermore, 

the trade-off between the latency and energy consumption can 

be considered in the future work to design more advance QoS 

aware to achieve a better green energy awareness. 
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Figure 3(a). EF Mean Packet Delay 

 
Figure 3(b). AF Mean Packet Delay 

 
Figure 3(c). BE Mean Packet Delay 
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