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Abstract

To address challenges of an unprecedented growth in mobile data traffic, the ultra-dense
network deployment is a cost efficient solution to off-load the traffic over other small cells.
However, the real traffic is often much lower than the peak-hour traffic and certain small cells
are superfluous, which will not only introduce extra energy consumption, but also impose
extra interference onto the radio environment. In this paper, an elastic energy efficient cell
management scheme is proposed based on flow scheduling among multi-layer ultra-dense
cells by a SDN controller. A significant power saving was achieved by a cell-level energy
manager. The scheme is elastic for energy saving, adaptive to the dynamic traffic distribution
in the office or campus environment. In the end, the performance is evaluated and
demonstrated. The results show substantial improvements over the conventional method in
terms of the number of active BSs, the handover times, and the switches of BSs.
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1. Introduction

With the massive devices, traffic and the diversity of mobile applications introduced in the

mobile heterogeneous networks, the big data era for mobile internet is approaching[1][2].
There is the need to efficiently manage all the resources involved in the Mabile Internet.
Massive densification of Radio Access Network (RAN) infrastructure known as Ultra Dense
Network (UDN) is considered a promising solution to meet the rapidly increasing demand for
radio access networks. UDN is proposed to further improve throughput per user and to meet
the capacity requirement in peak hour per square meters [3]. The escalating data traffic volume
and the dramatic expansion of the network infrastructure will inevitably trigger an increased
energy consumption in future wireless networks. This will directly increase the greenhouse
gas emissions and mandate an ever increasing attention to the protection of the environment.
Consequently, both industry and academia are engaged in working towards enhancing the
network energy efficiency.

Maximizing the network energy efficiency may be supported by maximizing the amount of
throughput, while minimizing the total energy consumption. As far as the problem formulation
is concerned, maximizing the network energy efficiency can be expressed as minimizing the
total energy consumption while satisfying the associated traffic demands. For example, in the
valley of traffic, huge energy consumption by ultra-dense radio access network has become an
economic and environmental concern to network operators. However, redundancy of radio
resource was not exploited when user association relationship can be rechanged in ultra-dense
network. Hence, the network energy efficiency is crucially dependent on the user association
decisions [4]. In solving problems with the energy consumption of ultra-dense radio access
network, several studies in recent time suggested the scheme, which is known as Multiple
Base Station Scheduling(MBSS) [5][6][7][8]. MBSS leads to the substantial energy efficiency
gains in the LTE-compliant wireless network deployments. However, the main problem with
MBSS is its computational complexity[9]. With the increasing dimension of ultra-dense nodes,
the computational complexity will affect the effective practical implementation of the energy
saving algorithm. Moreover, the mobility of user, and the traffic dynamics compound the
computational problems associated with MBSS. An approach, flow Scheduling, is therefore
necessary not only to reduce the energy consumption but to take into account user mobility
and traffic dynamics within ultra-dense networks.

From the perspective of radio resource management, it is proposed in this paper, how
efficient energy consumption adapts to the density of traffic. This is achieved through the
proper scheduling of the flows over BS in dense small cell deployment. We proposed an
energy manager, which is a part of soft-RAN architecture. The architecture includes a
switch-on/off control algorithm by scheduling flows to reduce the number of active BSs based
on traffic dynamics, which considers the quality of real-time services.

The organization of the rest of this paper is as follows. Section Il presents related works
and how differently our approach is. Section Il presents the proposed soft-RAN architecture
necessary for the reduction in energy consumption. Section IV deals with the energy
management scheme whiles section V presents the performance evaluation of the proposed
scheme. The summary of the contributions of this paper and conclusion are presented in
section VI.
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2. Related Work

Numerous valuable contributions have been published on energy efficient user association
in HetNets [10], [11], [12], [13], [14]. In [10], a user association algorithm was developed for
the uplink of HetNets in order to maximize the system energy efficiency subject to users’
maximum transmit power and minimum rate constraints. In [13], user association for the
downlink of HetNets was optimized by maximizing the ratio between the total data rate of all
users and the total energy consumption. In contrast to the problem formulation in [10], the
authors investigated energy efficient user association in [11] by minimizing the total power
consumption, while satisfying the users’ traffic demand. The authors of [12] considered the
association problem for users involving video applications, where a video content aware
energy efficient user association algorithm was proposed for the downlink of HetNets, with
the goal to maximize the ratio between the peak-signal-to-noise-ratio and the system energy
consumption. Thereby, both nonlinear fractional programming and dual decomposition
techniques were employed to solve the problem. In [14], a Benders’ decomposition [15] based
algorithm was developed for joint user association and power control with the goal of
maximizing the downlink throughput. This was achieved by associating every user with the
specific BS, which resulted in the minimization of the total transmit power consumption.

Previously, energy consumption of BS equipment has been intensively investigated, mainly
concerning the consumption by devices and supporting system, e.g. power supply and cooling
system. Statistical studies of mobile communication systems have shown that 57% of the total
energy consumption of wireless networks can be attributed to the radio access nodes [16].
Furthermore, about 60% of the power dissipated at each BS is consumed by the signal
processing circuits and air conditioning [17]. Data from manufacturers indicates that.energy
consumed for radio transmission only constitutes a small fraction of total energy consumption.
As a result, shutting down BSs which support no active users is believed to be an efficient way
of reducing the network power consumption [18], [19]. Hence, a feasible approach to improve
energy efficiency is switching off BSs rather than merely adjusting transmitting power.

Lately, the analysis from the perspective of whole network, by switching off fraction of
BSs in low traffic period (night zone) is introduced [20][21][22][23]. A joint optimization of
the long-term BS sleep-mode operation, user association, and subcarrier allocation was
considered in [20], for maximizing the energy efficiency or minimizing the total power
consumption under the constraints of maintaining an average sum rate target and rate fairness.
The performance of these two formulations (namely, energy efficiency maximization and total
power minimization) was investigated using simulations. In addition, the coverage probability
and the energy efficiency of K-tier heterogeneous wireless networks were derived in [21]
under different sleep-mode operations using a stochastic geometry based model. The authors
formulated both power consumption minimization as well as energy efficiency maximization
problems and determined the optimal operating regimes of the macrocell. In [22], the
discussion is extended with real traffic profile and dynamic control. In previous work done in
operational stage, the available configurations of cells could not be changed. This has assumed
that sufficient cell zooming could provide service for area originally served by cells that are
switched off. However, insufficient cell zooming that prevents switching off more cells was
not considered. To combat insufficient cell zooming, little work has been done to discuss
whether it is energy-efficient to adjust the deployment in the network planning stage. One
feasible solution is to deploy smaller but more cells [23]. However, the real traffic is often
much lower than the peak-hour traffic and certain small cells are superfluous. If we switch off
certain cells only through cell zooming, energy saving would be limited. This paper, on the
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other hand, proposed an elastic energy efficient cell management scheme based on short-term
flow scheduling among multi-layer cells by a SDN controller.

3. System architecture and problem description

Here, a UDN environment is considered, where small cells are overlaid by macro cells. The
set of BSs can be turned on/off based on the statistics and characteristics of flows associated
with them by a cell-level energy manager. The BSs which are turned on are referred as active
BSs and the BSs which are turned off, are referred as inactive BSs. In Fig. 1, we define an
architecture of software defined UDN.

e Monitoring Module: With the User Equipment (UE) measurement report messages, the
Openflow controller obtains knowledge about the status of every small cell BS. The
Openflow controller manages small cells, either in active or in sleep mode. The traffic
over this UDN can be divided into two types of flows, real-time and non-real time. The
flow scheduling over different BSs is defined as association or handover operation. A
handover occurs during the moving of ongoing call or data session from one BS to
another. We assume the real-time flow is sensitive to handover intermittent gap, so we
need to avoid to handover the real-time flows for energy saving. If there is sufficient
bandwidth available, the flows can be aggregated over a minimized BS set in order to
reduce the energy consumption.

OpenFlow Controller

Monitoring Module

Flow Characteristics Network Statistics Topology Discovery

! !

Flow Controller

Energy Manager [ ¢—3| | Flow Scheduler Route Manager

Asdociation
Update

Association Set| pair(BS ID, UE ID
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Network Devices

Fig. 1. Architecture of the centralized energy management
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Energy Manager : The energy manager controls switches of BSs in a cell level via

control plane. The energy manager can turn on a sleep BS, if some real-time flow is
located inside its coverage. There is a signaling interface on the control plane for the
network access and a message definition between the flow controller and the energy
manager, shown in the Fig. 1. In order to reduce energy consumption, the energy manager
scans each active BS in a fixed period, e.g. Half-an-hour, and sends a switch-off
command to the idle BSs. A BS will enter sleep mode, if there is no transmit or receive
command from its neighbored UEs. The scanning period can be configured by the
controller via SSL.

Flow Controller : The flow controller manages the flows over a set of BSs on data plane

under the controller. It includes route manager for wired network and the proposed flow
scheduler in radio access network.

- The route manager will help new flows find their best next hop to the destination
based on the topology information and new flow request. The updated association
relationship will be sent to energy manager to uptate BS status and notified to BS and
UE to execute the association change.

- The proposed flow scheduler dynamically associates the flows over the BSs based on
the characteristics of the traffic, as shown in the Fig. 2. Based on the QoS requirement
of traffic, flows can be divided into real-time and non-real-time flows. With the traffic
profiles on the other hand, flows can be divided into four kinds in terms of the packet
size and the duration gap, with different amount of bandwidth. Based on power status,
the BS can be divided into three sets: active, idle, sleep. With respect to coverage,
cells are divided into macro, and micro/small cells.

Real Time

QoS

Non-RealTime

Flow
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Discrete Large-
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Continuous
Small-bandwidth

Discrete Small-
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Schedule

Active
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Fig. 2. The characteristics classification for scheduler
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4. The Proposed Algorithm

3.1 The energy consumption model

In this paper, we propose an energy management algorithm based on flow scheduling and
cell switching on/off as defined in Fig. 3. The algorithm switches on BSs in sleeping mode
when a new flow enters into the cell, and switches off active BSs when no flows enters the BS
or when the flows can be scheduled onto a neighboring small cell. Cells need to change their
on-off states by the scheduling scheme on the controller. Different scheduling schemes will
lead to different energy consumption. We can define the different scheduling schemes with
parameters for a single small cell. The total power consumption is P. The P(j) is the power
consumption of the j" active cell, and i represents scan cycle for one day. Given the traffic and
bandwidth constraint, we shall minimize the accumulated energy consumption of network E(i)
for each cycle i in one duration T.

minE = [ TP(t)dt = %%, P()C (1)
s.t Z}f](l) < fthreshold (2)
bj(i) < bmax (3)

T
0i< E, 0<j<N
Where C is a scan cycle, P(t)is the total power of network changing with time t. £;(i) is the
number of flow which would be scheduled over the BS j in the i scan cycle. The finreshow 1S

the maximal number of flow which can be scheduled in every scan cycle. The value of fyresnoi

is configured on the controller. b; (i) s the occupied bandwidth of the BS j in the i™ scan cycle.

The byq, is the threshold of bandwidth of one small BS. T/C is the number of scan cycle of
one day.

Definition 1: Based on the characteristics of flow and cell, the scheduling cost of the BS j to be
switched off in the i"" scan cycle, is defined as Cost;(i):

Cost; (i) = f;(i) X b;(i) 4)

We can sort the active BS set based on the value of Costj(i). Based on this tool function of
scheduling cost, a heuristic algorithm is proposed as the flow and cell scheduling schemes
according to this sequence.

3.2 The proposed algorithm

The proposed algorithm determines which active BS can be switched off, and which
inactive BS can be switched on to update its original membership. The proposed algorithm for
the unified energy manager is given in Fig. 3. Because incoming UEs with real-time flow can
be in the range of an active or inactive BS, it leads to handover flows from one BS to the other.
We assume each UE maintains a list of neighboring cells, which is the candidate for cell
association. The BS scheduler is triggered by timer, e.g. half-an-hour.

The switch-on scanner starts its work by getting flow ID and uses this flow ID to get the
characteristics of the flow, such as the location of the UE and the neighboring BS ID. It then
checks if the neighboring BS is active, if so, it connects this flow to that BS. If the neighboring
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BS is inactive it checks whether the current flow is real time flow or not, if this flow is non
real-time, it checks if there is enough bandwidth available on the Macro BS to support the
current flow. If so it connects the current flow to the Macro BS, else it will switch on the
neighboring BS. Finally it checks if there are non-real-time flows in the Macro BS that can be
supported by recently switched on neighboring BS, if so, it handovers those flows to this BS.
The BS set scanner targets to execute the switch-off actions when the BS is idle, as illustrated in
the Fig. 3. The active BS set includes all BS associated with UEs. The switch-off arbitration
begins its procedure by scanning the active BS set. If the BS is associated with real-time flows,
it keeps this BS on, then checks the next active BS. Else, it computes the cost for each BS, used
to identify traffic load. If the sum of bandwidth of flows associated with this active BS is less
than the available bandwidth in the macro BS, flow handovers will happen from small cell to
macro cell, which is also known as flow handover. Then this active BS is switched off. It then
continues to check the next active BS in the waiting list. This procedure works in a periodical
manner. The status of BS leads to different amount of energy consumption.

THE PROPOSED ALGORITHM

Notations: NBS: Neighbored BS; MBS: Macro-BS; ABSS: Active BS Set; IBSS: In-active BS Set; MCBS: Minimum Cost BS
Phase I - When a new incoming flow access BS

select the nearest BS as NBS;
if(NBS is Active)
new flow access NBS;
elseif(new flow is non-real-time flow && free bandwidth on
MBS > new flow’s bandwidth requirement)
new flow access MBS;
else
Switch on NBS and add it into ABSS;
for (flow; in MBS)
if(flow; reachable to NBS)
handover flow; from MBS to NBS;

O© 00 3OS Ol b Wi +—

end for
end if
end if

—
(=]

11

Output: whether to handover flow;
Phase 11 - When it’s time to finish each scanning cycle
1 for(BS; in ABSS)
if(BS; has realtime flow)
keep BS;active and don’t handover;
else
calculate cost; = f; x by;
update MCBS with the smallest cost;
end if
end for
if(occupied bandwidth on MCBS < MBS’s residual bandwidth and
the number of flows on MBS<fireshold)
handover all of flows on MCBS to MBS and shut-down MCBS.
9 update ABSS&& IBSS with MCBS;
10 end if

11 Qutput: ABSS&&IBBS

00 N O Ol i Wi

Fig. 3. The proposed algorithm for energy efficient cell management



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 10, NO. 9, September 2016 4115

4. Results and Analysis

The proposed energy efficient cell management algorithm is evaluated with the idealized
traffic profiles and the real traffic profiles. The evaluation is performed in a scenario with 110
small cells and one macro cell. The inter-site distance between the small cell BSs is 50m. The
UE distribution is uniform in this area. The used metrics are the total energy consumption per
time cycle, the number of active BSs, the number of handovers, the number of switch-off/on,
and the time duration of sleep/idle/active. In the simulation, the BS schedule period is
configured as 30 minutes respectively for the purpose of this experiment.

5.1 Daily Traffic configuration

The distribution of UE and UE’s traffic are modeled by a daily traffic model, in which the
number of active UEs, and traffic demands vary over the clock time in a day. A traffic profile
is based on the real measurements from the EARTH project [24], as illustrated with case | in
the Fig. 4. The daily data traffic profile in one hour average, which has to be served typically
by a single operator in Europe for beyond 2015 for dense urban areas. Thereby, we illustrate
the activities of incoming users with case 1l and the leaving users with case I11 in the Fig. 4.

An ideal traffic profile is configured based on the trapezoidal traffic pattern, which is a
special simple example of daily traffic pattern for the family of symmetric trapezoidal curves
plotted in the Fig. 4. The traffic function is defined by the angular coefficient a, which has a
maximum equal to 1 at the peak hour, and different slopes.

1—at;(0<t<1/a)
f() = 0;
1+a(t—-T);(T—1/a<t<T)

If “a” is equal to 1/10, then we move the f(t) to f(t) + 12, which is close to the real
scenario, as shown with case IV in the Fig. 4. If the slope “a” is equal to 1/8, the traffic profile
will be changed, as shown with case Il in the Fig. 4 to mimic the variant traffic profile in
different spatial-time domain. Then, we consider the impact of traffic profiles on energy
saving.

140
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Fig. 4. The traffic profile configuration: Ideal model and Real traffic
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Here, we assume each UE is configured with one flow, with similar bandwidth, e.g. 1MHz,
so the number of flow is proportion to the throughput. In the Fig. 4, the highest average
throughput of 92Mbps/km? and the lowest of 12Mbps/km? can be observed for the dense urban
area in the late evening. In the ideal traffic profile, the slope parameter a can be tuned, e.g. 1/8,
1/10 and so on in our test cases. The flows and UEs join the network in a dynamic manner. The
activities of flows and UEs, leaving or coming, are recorded with (Case I-Leaving) and (Case+
Incoming) respectively in dash lines, as shown in the Fig. 4. Energy consumption is changing
with the flow activities. The number of inbound/ outbound flows is controlled in dash lines
proportionally.

5.2 Energy consumption in dynamic scenario

To illustrate the achieved energy consumption of the proposed algorithm, a simulation is
done with three traffic profiles for the proposed algorithm. The total energy consumption with
three traffic profiles is compared: two idealized traffic profiles with a=1/8(Case Ill) and
a=1/10(Case 1V), one common real traffic profile(Case I). The results show that the
performance of the proposed algorithm with Case I, 11l and 1V outperforms the direct On-Off
scheme with Case I, which is called MBSS[9]. The results are shown in the Fig. 5.
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Fig. 5. The total energy consumption with different traffic profiles

5.3 The number of active BSs

The flow activity leads to the activities of BS in active, idle or sleep. The number of active
BS inour case is illustrated in the Fig. 6. The results show that the number of profiles of active
BSs is proportional to the volume of traffic. For the real traffic profile in Case I, and the ideal
traffic profiles in Case Il and 1V, the number of active BSs with the proposed algorithm is less
than the MBSS with direct power on/off in Case 1 .
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Fig. 6. The number of active BSs in each period during 24hours

5.4 The number of flow handovers

Flow handover could happen in each scanning period. The total number of flow handover is
similar and proportionate to the traffic dynamics with the exception of the incoming real-time
flow, whatever the real traffic profile in Case | for the proposed algorithm and Case Il for the
direct On-Off scheme, and the ideal traffic profiles in Case Ill and IV. This is shown in the Fig.
7.
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Fig. 8 shows that, the proportion of incoming real-time flows has the effect on the number of
flow handover. During a whole day in 24 hours, we configure the ratio of incoming non-real
time flow amount and the real-time flows amount as 1, 1/3 and 0 respectively. The results
show the handover times increases with more of non-real-time flows coming.
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Fig. 8. The total number of handover for hybrid flows

5.5 The number of BS switches

The BSs can be switched on or off in each BS scanning period. The number of BS switches
is recorded in each period. For the real traffic profile in Case I, and the ideal traffic profiles in
Case Ill and 1V, the proposed flow scheduler performs better than the direct On-Off scheme
with the real traffic in Case Il. The results are shown in the Fig. 9.
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5.6 Sleep/ldle/Active Time Duration

The energy consumption mostly depends on the transmitter power setting of each BS.
The transmitter power of BSs is set as 30dBm, 10dBm and 0dBm respectively for the active,
idle and sleep BSs. The durations in active, idle and sleep mode for all of BSs in whole a day
are recorded and illustrated in the Fig. 10(a), (b) and (c) respectively. The sum of idle, active,
sleep duration of BSs for one common traffic profile in each period is a constant.
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5. Conclusion

In this paper, an elastic energy efficient cell management scheme is proposed by properly
scheduling BS switch-on/off in order to balance energy consumption and the quality of service
guarantee. Unlike previous studies characterized by computational complexity and inadequate
provision for user mobility, this paper proposed a more dynamic approach. The proposed
energy management algorithm is based on the flow and BS scheduling. The flow scheduler
will hand over some of flows based on the traffic dynamics and flow activities. The target is to
aggregate flows to a minimized active BS set. The experiment results show the algorithm
performs better on the number of active BS, the number of BS switch on/off and the number of
handovers than previous ones. This inevitably reduced the energy consumption of each BS.
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