
Introduction
As the rapid development of the Industries Internet of
Things (IIoT), the access network characters with
massive connections, deterministic latency and large
bandwidth. Therefore, the existing time-division-
multiplexing Passive Optical Network (TDM-PON)
technology needs to evolve from the original bandwidth
scheduling pattern into the cooperative scheduling with
multi-network slices (NS). Meanwhile, supporting IIoT
and Mobile Fronthaul (MFH) in the TDM-PON via fixed
network slicing is challenging, as MFH services may
generate microburst traffic, thus impacting the per-
formance of IIoT applications. In view of this, we
propose a resource allocation scheme using LSTM neural
network to predict traffic in an SDN-based TDM-PON.
Our approach considers a network slicing architecture
that meets the diverse requirement for both MFH and
IIoT services.
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Simulation and Result
The network slice traffic prediction is shown in Fig. 3 (a) and (b). The mean absolute
percentage error (MAPE) of MFH slice prediction is 4.48%, and that of IIoT slice is
0.25%. The MAPE values prove that our prediction accuracy is high for NS bandwidth
allocation. For the total slice traffic, a difference of 4.48% or 0.25% is negligible.
Besides, because IIoT flow consists of periodical peak sessions, the flow of IIoT slices
fluctuates within a certain range.
In Fig. 4, we evaluate the latency of the MFH and IIoT traffic by PWPTP and static
allocation scheme respectively. The proposed algorithm can reduce the latency of IIoT
slice by 6.9% when the traffic load is 0.4, whereas, the latency tends to increase when the
load is higher than 0.5. In addition, we can observe that the PWPTP algorithm can reduce
the latency of the MFH slice by 23.2% when the load is set to 0.8.

Conclusion
We propose a bandwidth allocation algorithm for TDM-PON network slicing based on
traffic prediction. The algorithm can accurately allocate available resources according to
bandwidth requirement. Simulation results show that our algorithm can reduce the MFH
slice latency by 23.3% compared with the static approach when the load is 0.8.
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Principle
The TDM-PON slicing architecture is shown in Fig.1.
The single physical Optical Line Terminal (OLT) is logi-
cally divided into two independent virtual OLTs (vOLT),
which can provide for corresponding requirements on
individual slices. The slices are managed by their own
Edge SDN controller (ESC). In addition, the Central
SDN controller (CSC) is capable to provide management
and orchestration for network slicing. From the pre-
diction perspective, it is necessary to provide reliable
historical traffic data collected by the ESC, which is
responsible for monitoring network status and band-
width re-source utilization in real time. Moreover, the
prediction module handles the normalization of the
received data using the conventional approach and
extracts data features through the LSTM network, which
can effectively fit the vOLT slice traffic data. The trained
LSTM neural network model can realize the prediction of
slice traffic data.
The pseudocode of the proposed scheduling algorithm is
shown in Fig.2 The algorithm can calculate the weighted
bandwidth requirements in real time to achieve dynamic
bandwidth allocation. The proposed algorithm combines
static and dynamic approaches for bandwidth allocation,
which allocates the bandwidth according to the prediction
of network-slices traffic. Specifically, in order to train the
LSTM neural network, ESC uploads the collected
historical traffic data to the prediction module. In addition,
the CSC configures the corresponding priority weights
for the bandwidth requests of slices, and then allocates
the bandwidth for each slice according to the proportional
allocation algorithm. The total bandwidth resource after
allocating guaranteed resource composes of a shared pool
where the resource can be fairly shared for the network
slices.

Fig. 1.  TDM-PON slicing architecture. Fig. 2. The pseudocode of the proposed
scheduling algorithm

Paper ID: 105

Fig. 3. (a) Prediction results of MFH slice. 
(b) Prediction results of IIoT slice.

Fig. 4. Latency versus traffic load
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