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Abstract The heterogeneous cellular network (HCN) is most significant as a key technology for future fifth
generation (5G) wireless networks. The heterogeneous network considered consists of randomly macrocell base
stations (MBSs) overlaid with femtocell base stations (BSs). The stochastic geometry has been shown to be a very
powerful tool to model, analyze, and design networks with random topologies such as wireless ad hoc, sensor
networks, and multi- tier cellular networks. The HCNs can be energy-efficiently designed by deploying various BSs
belonging to different networks, which has drawn significant attention to one of the technologies for future 5G
wireless networks. In this paper, we propose switching off/on systems enabling the BSs in the cellular networks to
efficiently consume the power by introducing active/sleep modes, which is able to reduce the interference and
power consumption in the MBSs and FBSs on an individual basis as well as improve the energy efficiency of the
cellular networks. We formulate the minimization of the power onsumption for the MBSs and FBSs as well as an
optimization problem to maximize the energy efficiency subject to throughput outage constraints, which can be
solved the Karush Kuhn Tucker (KKT) conditions according to the femto tier BS density. We also formulate and
compare the coverage probability and the energy efficiency in HCNs scenarios with and without coordinated
multi-point (CoMP) to avoid coverage holes.
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Fig. 1. Heterogeneous cellular networks
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Table 1. Network Parameter Values

Symbol Description Value

B Bandwidth 180 kHz
a Path loss exponent 4

T SINR threshold for macro §dB

T SINR threshold for femto 5dB
s Macro BS transmit power W
Pres Femto BS transmit power W

™ Macro range 300 m
0 Femto range 15m
Pyo Static power MBS 130W
Pro Statie power FBS 45W
AM Slope of MBS 47

AF Slope of FBS 8
Py Sleeping power MBS HBwW
Pr-dep Sleeping power FBS 5W

It Density of MBS 1x10° mr2

\f Density of FBS 1x10? m?

T T T T

"\ —&— No Cooperation
>

BS Cooperation | |

-15 -10 -5 o 5 10 15 208
Threshold T(dB)

a8 5, K2 X| &0l et SINR 2 7t T2 &
Fig. 5. Comparison of the coverage probabilities for

BS cooperation and no cooperation against
the threshold in dB.
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