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Fig. 1. Schematic diagram of OpenFlow network with Aggregator-cum-
Scheduling (AS) nodes. For brevity, SDN controller is not shown. Also the
smart-meters in suburb, and citycenter regions are not shown.

connected to the same eNBs. The results are not show due
to page constraints.

The schematic diagram of the described network is shown
in Fig. 1. We have numbered different eNBs from 1 to N from
left to right (i.e., from outskirts region towards city center to
the end-server). We consider multiple SMs close in a colony
are connected over wired Ethernet links to a LTE UE, which is
in turn connected wirelessly to an eNB. To capture a scenario
of denser SMs in city-center, and relatively sparse SMs in
the outskirts, we use one UE at the edge of the network and
increase the number of UEs towards the server. This naturally
captures denser SMs towards the path to the server node. The
UDP packets received (from multiple SMs) at eNB are sent
via a single TCP sender in the wired-part of the network. As
the wireless LTE ensures fairness (through appropriate MAC
scheduling and static nodes), we need to provide fairness in
the wired-part of the smart grid.

We consider TCP Reno version throughout this paper. The
TCP reno version is a widely used variant of TCP in the
Internet. As we focus on long TCPs, we consider the per-
formance effects comprising the congestion avoidance phase
of TCP. The effects of TCP receiver window and network
link bandwidth is considered to be sufficient enough to not
affect the throughput performance. Without loss of generality,
we assume packet loss as the indication of congestion, and
we consider a simple identical and independent probability
distribution for the packet loss.

As shown in Fig. 1, we have two eNBs connected to
first switch, where these two long TCP flows are aggregated
into one composite long TCP flow through the Aggrega-
tion/Scheduler (AS) node 1. eNB-3 joins switch 2 wherein it is
mixed with the incoming aggregated flow at AS node 2. This
represents a typical scenario of many flows getting aggregated
towards the proximity of the server, eventually making the
server’s first hop as the bottleneck link. In the next section,
we describe the proposed aggregation/scheduling framework
and its implementation.

IV. PROPOSED SDN-BASED AGGREGATOR/SCHEDULER
FRAMEWORK

Figure 2 depicts the whitebox functional description of
the Aggregator/Scheduler (AS) node and the associated SDN
framework . For brevity, we depict the model with one AS
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Fig. 2. Internal functionality of the proposed framework with single aggrega-
tor/scheduler node. For brevity, only the connection-sequence related to eNB-1
is shown.

node. The AS node implementation design is conceived with
following goal:

• Transparent Aggregation and Scheduling: To enable
the framework to be market-ready, the aggregation and
scheduling of flows need to be performed in a seamless
manner, without explicit modifications at the end-hosts,
namely the UEs and the servers.

To achieve aforementioned design goal, we believe the
SDN [9] would be an ideal choice based on the offered
features such as: (i) centralized controller logic, and decoupled
data and control planes for better manageability, and (ii)
flow-based programmable control logic for enabling flexible
network services. As seen in the Fig 2, the (SDN) controller
primarily connects with all the SDN-based OpenFlow switches
in the network. The controller manages the control plane of
the network to administer flow-level management by writing
appropriate flow-entries at the switches.

A switch upon receiving the first packet of the TCP flow
(either from the eNB or from the preceeding AS node) will
forward it to the controller, for appropriate decision making. In
our scenario, the first TCP packet TCP-SYN is forwarded by
the switch to the controller. The controller with the available
topology information, will compute an appropriate flow entry
to direct this flow to the near-by AS node (an end-host). Upon
writing this flow-entry, all the future packets of this flow will
be diverted (by the switch) to the AS node. To enable the
TCP receiver 1 inside the AS node to further receive and
process the incoming segments, an additional flow-entry is
programmed at the switch (by the controller). This additional
entry enables the switch to modify/rewrite the destination-
field of the TCP header for the eNB-1’s flow with AS node
information. A similar entry, is made for return traffic carrying
ACK packets from TCP receiver in AS node. Therefore, the
eNB is abstracted from this rerouting logic to the AS node.

Each TCP receiver is associated with an independent queue
for buffering the incoming packets. Without loss of generality,
we consider this buffer to be sufficient enough to store incom-
ing packets. To enforce fairness, the scheduler should know the
information necessary for distinguishing the incoming com-
posite flows. Though the independent queues serve the purpose
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