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Abstract—The demand on linear services like mobile TV has
been growing during the last few years, creating challenges to the
conventional methods of delivery such as broadcast networks and
broadband mobile networks. In this paper, a hybrid approach
with the coexistence of a broadcast transmitter and a unicast
broadband transmitter is discussed, and the problem of the power
consumption and power efficiency is interpreted. To achieve an
efficient hybrid network in terms of power consumed to serve a
user, the hybrid network is numerically optimized in terms of key
design parameters like the broadcast radius and the base stations’
density. The effect of user density is also studied highlighting the
gain expected when using the hybrid approach. Results have
shown that an optimal operation point could be found, and that
the gain provided by the hybrid network depends on the density
of the users.

Index Terms—Mobile TV, broadcast networks, broadband net-
works, hybrid networks, green communications, power efficiency.

I. INTRODUCTION

A High demand for mobile TV has been witnessed in the
recent years following the increasing availability of hand-
held devices like smartphones and tablets [1]. Conventionally,
mobile TV is delivered by either a dedicated high power
Broadcast (BC) network like DVB-T2 and ATSC 3.0 [2],
[3], or by utilizing the existing broadband networks like LTE.
However, the limited spectral resources of Unicast (UC) broad-
band networks and constrained availability of BC networks
in all zones led to the emergence of a new hybrid approach
consisting in the coexistence of both broadcast and unicast
networks. A hybrid network could be seen as an extension of
the BC coverage, or an offload of traffic from UC to BC where
necessary.

Hybrid networks can be categorized into two types, (a)
same-area networks where both networks operate in the same
area, and a user allocation scheme is used to assign users to
either network like in [4], and (b) spatially separated networks,
where users within a certain area around the broadcasting unit
are served by BC, and the rest are served by the broadband net-
work like in [5]. In [6] Fam et al. studied the energy efficiency
in this latter case of hybrid network using the grid model for
the broadband subnetwork. In these studies, however, simple
hybrid network models and resource allocation are used such

that no interference occurs or is considered between the cells
of the broadband subnetwork. The Authors presented in [7] a
hybrid model with two scenarios of frequency allocation and
derived analytical expressions for the probability of coverage
and capacity, taking interference into consideration.

In this work, we present a model of a spatially separated
hybrid broadcast/unicast network, using microcells for the
broadband subnetwork, and taking inter-cell interference into
consideration. Stochastic geometry tools with a Poisson Point
Process (PPP) are used to model the broadband network.
The resource allocation scheme proposed in [8] is adopted
here to make the best use of spectral resources. We then
analyze a set of design parameters affecting power efficiency
of the hybrid network. The results leading to a power efficient
hybrid network are provided and corresponding conclusions
are drawn. The effect of those parameters on the optimal
operating point is then studied.

In this work, we study the power energy efficiency for a
user-dense spatially separated hybrid network, using micro-
cells for the broadband subnetwork, taking inter-cell inter-
ference into consideration, utilizing stochastic geometry tools
with a Poisson Point Process (PPP) to model the broadband
network. The resource allocation scheme is proposed in [8]
and adopted here on top of the stochastic geometry approach
to design a power efficient hybrid network. The problem is
set to minimize the power consumption per served user by
managing the key design parameters like BC radius and UC
BS’s density. Numerical simulations are then done to solve
this problem and find the optimum values of those parameters,
and to study the effect of user density on the gain the hybrid
approach provides.

The rest of this paper is organized as follows: Section II
presents the model used for the hybrid network and Section
III discusses the problem in hand and the metric that is used
for optimization. Numerical simulation for the optimization of
the power efficiency and the study of the effect of user density
is presented in IV, and V concludes the work.

II. NETWORK MODEL

The hybrid model aims to serve M users with linear services
such as mobile TV. Those users are uniformly distributed over



a circular service area with radius rmax. As shown in Fig.1,
the circular service area is divided into a BC area and a UC
area. The BC area is with radius rb and a High Power High
Tower (HPHT) station is at the center serving users. Any user
within the BC area is served by the HPHT. The UC area
is the area not covered by BC where a user is served by
the nearest broadband Base Station (BS), creating a Voronoi
tessellation. The BSs are distributed according to PPP Φ with
density λBS, and the users are distributed uniformly according
to another PPP Ψ with density λu. The HPHT is transmitting
at frequency fB with power PB, and the UC BSs outside the
BC area are transmitting at the same frequency fB with power
PU such that PB > PU . Using the same frequency band creates
extra interference, but reduces the total occupied bandwidth
(BW) by the system. Note that the regular UC BSs within
the BC area are not serving linear services and are operating
at a different frequency band, so they will not cause any
interference with the rest of the system, and thus will not
be further considered in this work.

A. Signal to Interference and Noise Ratio

The Signal to Interference and Noise Ratio (SINR) for BC
users could be expressed as following:

SINRBC =
Pr

Pn + Iuc/bc

=
PBgr−v β

σ2 + Iuc/bc

(1)

where Pr and Pn represent the received power and noise power
respectively, Iuc/bc denotes the interference from UC BS on
BC users, g is an exponentially distributed random variable
modeling the BC and random channel effect, rv denotes the
distance between a BC user and the BC transmitter, and β

denotes the pathloss exponent for BC transmission. Similarly,
SINR for the broadband users is given by:

SINRUC =
Pr

Pn + Ibc/uc + Iuc/uc

=
PU hr−l β

σ2 + Iuc/bc

(2)

where Ibc/uc and Iuc/uc denotes the interference from the BC
transmitter on UC users and from the unicast BS on UC
users respectively, h is an exponentially distributed random
variable that represent UC random channel effect, and rl is the
distance between a user in the UC area and its serving BS,
and α denotes the pathloss exponent for UC transmission. The
interference relations are as following:

Iuc/bc = ∑
j∈Φ

PL h r−α

s, j (3)

Iuc/uc = ∑
j∈Φ/b

PL h r−α

q, j (4)

Ibc/uc = BRPD g r−β

d (5)
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Fig. 1: An example of a hybrid network, with 20 km radius
service area, including 10 km BC radius

where rs, j is the distance between a BC user and interfering
BS j and rq, j is the distance from a UC user to an interfering
BS j. BR represent the BW ratio between the UC and the BC.

B. Resource allocation scheme

Resource allocation is a key element in the implementation
and operation of a mobile network. Several schemes have been
used in the literature. However, non was originally designed
for linear services. In this work, the algorithm we proposed in
[8] is used for allocating resource blocks to users served by
UC.

The idea behind this algorithm is to allocate resource blocks
to a user enough to slightly exceed a certain threshold capacity
Creq. The scheme is based on two concepts: start with users
that have better network conditions, since those need fewer
resources to be satisfied, and for each user start allocating
the best resource blocks available so it can be satisfied with
the lowest possible number of resource blocks. The algorithm
showed near-optimal results maximizing the success rate (SR),
and outperformed conventional resource allocation schemes
like round robin, maximum throughput, and proportional fair.
Note that the SR is defined as the ratio of the served users to
all users in the service area.

Stochastic geometry introduces the PPP as a suitable form
for modeling the positions of broadband network BS. It was
shown in earlier studies that a countable difference exists
between the SR achieved using the less accurate grid model
and the SR achieved when a PPP is used [9]. A more accurate
SR is very important in the evaluation of the power efficiency
in the next section.

III. POWER CONSUMPTION: PROBLEM STATEMENT AND
SOLUTION

In this section the power consumption model is explained,
and the power efficiency metric is then discussed.

A. Power consumption model

It was shown in [10] that the power consumption of an LTE
BS could be expressed as following:

Pin = NT RX (P0 +∆pPout) (6)



where Pout is the output power of the power amplifier, P0
represents the power consumption with no power transmitted,
and ∆p is the load dependent power consumption slope.
NT RX is the number of transmit/receive chains. The reference
also provides a table of numerical values for those constants
depending on the nature of the BS being a macro cell, micro
cell, femto cell... In this work, we used the micro cell model
for the UC BSs, with NT RX = 2, P0 = 56 W , and ∆p = 2.6. Due
to the lack of published model for the power consumption of
a broadcast HPHT, the same model is used but with the macro
cell set of constants, i.e. NT RX = 6, P0 = 130 W , and ∆p = 4.7.

B. Performance metric: Power efficiency

In linear services transmission, the main goal is to serve
as many users as possible, where the global capacity is a
secondary goal, since the stream rate is controlled by the
transmitter, and any additional capacity a user might have
will not enhance the quality of service. A user is said to
be connected if the capacity allocated to it exceeds certain
threshold capacity Creq. Therefore, a power efficient network
is the one that serves a large number of user with a low power
consumption. This could be measured by the power for user
factor, which is the ratio of the number of served users and the
total power consumed by the network, and can be expressed
as follows:

Puser =
PBC

in +∑PUC
in

SBCNBC +SUCNUC (7)

where PBC
in is the power consumed by the HPHT, PUC

in is the
power consumed by each UC BS, SBC and SUC are the success
rate of BC and UC networks respectively, and NBC and NUC

are the number of users in the BC and UC areas respectively.
Since it is assumed that all BSs are transmitting the same
power, and following the uniform distribution of the users
and BSs in the service area, substituting the number of users
and Bs by their respective values will result in the following
expression:

Puser =
PBC

in +πλBS(R2
max− r2

b)P
UC
in

πλu

(
r2

bSBC +(R2
max− r2

b)S
UC

) (8)

In this expression, the success rate for BC users, SBC, can be
seen as the probability of a user exceeding a certain threshold
SINR. This probability was derived in our previous works, and
it’s complexity makes it difficult to use it in the optimization
analytically. Moreover, the success rate for the UC users, SUC,
which was achieved by the linear service oriented resource
allocation scheme, has no closed-form expression that derives
it. But what is known is that both success rates are functions
of the design parameters and system parameters.

The aim is to exploit and optimize the hybrid network from
the power consumption point of view. It can be concluded from
(8) that the two main design parameters that control the power
efficiency are the BC radius rb and the UC BS density λBS. For
instance, increasing rb reduces the numerator with a variable
effect on the denominator depending on other constants, and
increasing λBS increases the numerator and the denominator

with different rates. Due to the complexity of an analytical
optimization of 8, Numerical optimization, and interpretation
are done next.

IV. SIMULATION AND DISCUSSION

In this section, numerical evaluation is done to find a set
of design parameters that minimize the power consumption
per user, and to study the effect of system parameters on the
effectiveness of the hybrid network.

A. Simulation setting

An area of 40 km radius is considered for the numerical
evaluation. both UC and BC networks uses 800 MHz band for
transmission, with 10 MHz BW for BC and 20 MHZ total BW
for UC, with total number of 100 RB per BS. This transmitted
power is 60 dBm for BC and 38 dBm for UC. The default
simulation setting are summarized in Table I.

TABLE I: Simulation setting

Parameter Value

rmax 40 km
rb 20 km
PD 60 dBm
PL 38 dBm

BWBC 8 MHz
BWUC 20 MHz

α 3.4
β 3.2
σ2 -100 dBm

Antenna Gain 14.77 dB

B. Optimization of the hybrid network

Tow main design parameters are considered for optimiza-
tion: the broadcast radius rb and the BS density λBS.

1) Broadcast radius: To find the optimal values for rb, the
power consumption per user is calculated for several values of
user density and BS density. The results are shown in Fig. 2
for 2a: 5 users per BS, 2b: 20 users per BS, and 2c: 50 users
per BS.

The results show that for the three cases, i.e. low, medium
and high user density, an optimal point can be found that min-
imizes the power consumption per served user. This indicated
that a hybrid approach introduces gain to the system in terms
of power efficiency.

The other main indication is that the effect of the density
of BSs depends on the density of the users. For low user
density in 2a, the effect of increasing the BS density on the
optimal radius is limited, while it’s effect becomes notable
with a medium density like in 2b, and even more significant
with high user density like in 2c. In general, adding more
BSs to the system increases the optimal radius, and the rate
of this increase depends on directly on the user density. In
particular, it can be seen in the last case when the user density
is high, increasing the BC contribution by increasing its radius
enhances the power efficiency.
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Fig. 2: Power consumed per served user vs rb

2) BS density: To highlight more the effect of UC BS’s
density, the power efficiency is evaluated for several values of
λBS for different user density cases. The results are shown in
Fig. 3 and Fig. 4.

If the average number of users per BS is fixed, results in
Fig. 3 show that increasing the number of BS enhances the
power efficiency by reducing the power consumption per user.
However, after a certain point, the increase in λBS will not be
as effective.

On the other hand, results in Fig. 4 show that if the number
of users in the service area is fixed, increasing the BS density
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will accumulate the power consumed per served user, and thus
reduces the system power efficiency. The results also show that
for low user density, the increase in power consumption per
user is higher and faster. This is mainly due to the limited
effect of the BS number increase on the success rate, with a
large increase in the power cost.

C. Effect of user density

As can be seen from the results, the user density is a
very important factor in the efficiency of the hybrid approach.
Precisely, user density controls the success rate of the UC
network, and consequently the number of connected users.
It is worth mentioning that the resource allocation scheme
contributed in reducing the effect of the huge increase in users
by smartly allocating the available RB, and also reduced the
power consumption by utilizing only a portion of the available
RB. The system is studied under different values of user λu,
and the results are shown in Fig. 5. Results show that, as
expected, the power efficiency increases in a more dense area,
where more users are served with an almost similar amount of
power. To highlight the enhancement of the power efficiency
provided by the hybrid approach for the different values of
BS density and user density, The gain of the hybrid approach
is studied. There exist two gain values, which are the power
consumption drop caused by the hybrid approach compared to



full BC network and full UC network. The results are shown
in Fig.6.
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Fig. 6: Gain provided by hybrid network

Results show that compared to a full BC network, i.e. the
case when rb = Rmax, the highest gain a hybrid network can
provide is when the user density is low. Under such conditions,
a BC network has a relatively low efficiency, due to high
transmission power, without having additional value due to
the low number of users. On the other hand, compared to a
full UC network, i.e. the case when the HPHT is removed, the
maximum gain provided by the hybrid network is when the

user density is the highest. This is mainly due to the fact that
UC BSs have limited number of RBs to allocate, and thus a
limited number of served users.

V. CONCLUSION

In this paper, a hybrid broadcast/unicast model for the
delivery of mobile TV is studied, using stochastic geometry
tools and micro BS in the UC subnetwork. The aim is to test
the effectiveness of the hybrid approach in terms of power
efficiency and to find the set of parameters that minimize
the power consumption per served user. Results show that an
optimal broadcast radius could be found and that the effect
of the BS’s density on that radius is related to the user
density. Results also show that increasing the density of the
BSs increases the efficiency of the system up to a certain
level beyond which the efficiency is saturated. Moreover, it
was shown that increasing the user density will decrease
the efficiency of the system as expected. The results also
show that the denser a network is, the highest the gain of a
hybrid network will be compared to a full UC network while
decreasing the density will increase the gain compared to a
full BC network.
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