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An exponential growth of the mobile data traffic is expected in future networks. The reason of this growth is related to the increasing popularity of linear services such as mobile TV, live and sports events, which may lead to the delivery of the same contents to a large audience. With this mobile data traffic explosion, the power demand of future wireless networks is predicted to dramatically increase. This energy consumption issue, if unaddressed, may lead to the restriction of many new services. Based on these facts, recent studies have shown that network cooperation is a promising candidate to deal with such issues. This paper investigates, from an energy efficiency point of view, the performances of using a hybrid unicast/broadcast network to deliver linear services to mobile and portable devices. Results show that cooperation will decrease the total power consumption of the hybrid network.

Introduction

In the last few years, many studies in the literature have addressed the cooperation between broadcast and unicast networks. On the one hand, first studies have raised the question of network selection assuming a common coverage area for both broadcast and unicast networks [START_REF] Catrein | Analytic evaluation of a hybrid broadcast-unicast TV offering[END_REF]- [START_REF] Cornillet | Optimization of the energy efficiency of a hybrid broadcast/unicast network[END_REF]. On the other hand, the network cooperation topic has been studied from a planning perspective point of view, as in [START_REF] Razzac | Planning of Mobile TV service in standalone and cooperative DVB-NGH and LTE networks[END_REF], [START_REF] Razzac | Comparison of LTE eMBMS and DVB-NGH mobile TV solutions from an energy consumption perspective[END_REF], by considering different coverage areas for the two networks. It has then been shown that the coverage extension of the service area is the optimal cooperation strategy to improve the network efficiency in terms of capacity, energy consumption and quality of service. However these latter studies assume a broadcast transmission for the two networks. Therefore, we have recently investigated the service coverage extension scenario considering a broadcast transmission mode for the broadcast network and a unicast transmission mode for the unicast network in [START_REF] Fam | Global Throughput Maximization of a Hybrid Unicast-Broadcast Network for Linear Services[END_REF]. The proposed hybrid network consists of two Orthogonal Frequency Division Multiplexing (OFDM) systems: a broadcast network composed of a single High Power High Tower (HPHT) station delivering a broadcast signal such as DVB-NGH/T2Lite or a modified version of the LTE broadcast signal (eMBMS) and a unicast network composed of several Low Power Low Tower (LPLT) sites producing a unicast signal according to the LTE standard. Hereby, we have introduced an analytical model to provide the optimal coverage area of the broadcast network that maximizes the overall capacity for a given service area. This present paper is an extension of our previous work. In this paper, the performances of the hybrid network are discussed from an energy efficiency point of view. First, based on the research project EARTH [START_REF] Auer | EARTH[END_REF], we have enhanced the hybrid model proposed in [START_REF] Fam | Global Throughput Maximization of a Hybrid Unicast-Broadcast Network for Linear Services[END_REF] by adding a power consumption metric to the model. We then show by simulation that increasing the overall capacity of the hybrid network reduces the total power consumption in terms of total power per bit used to deliver the proposed service in a given service area.

Power Consumption Model

The energy consumption of wireless network has been widely investigated in the literature. For instance, it is shown in [START_REF] Auer | EARTH[END_REF], [START_REF] Desset | Flexible power modeling of LTE base stations[END_REF], that base stations represent a dominant share of the total power consumption in mobile broadband and broadcast networks. Furthermore, with the explosion of wireless communications systems, the reduction of network power consumption becomes more and more critical [START_REF] Desset | Flexible power modeling of LTE base stations[END_REF]. Therefore a simple and accurate model is proposed in [START_REF] Auer | EARTH[END_REF] to evaluate the base station power consumption and assess the performances of power reduction techniques.

The proposed power consumption model is based on a combination of base station components and sub-components such as analog Radio Frequency (RF), baseband (BB) processing, and power amplifier and the power system (cooling).

Based on the research project EARTH findings [START_REF] Auer | EARTH[END_REF], the power consumption 𝑃 𝑖𝑛 of a base station is given by
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where 𝑁 𝑇𝑅𝑋 is the number of transceiver chains at the base station, 𝜂 𝑃𝐴 is the efficiency of the power amplifier, 𝜎 𝑓𝑒𝑒𝑑 represents the feeder losses, and 𝑃 𝑜𝑢𝑡 = 𝜌 𝑃 𝑚𝑎𝑥 is the power consumption of a single transceiver chains depending on its load 𝜌 and the maximum power 𝑃 𝑚𝑎𝑥 available at the transmitter. 𝑃 𝑅𝐹 and 𝑃 𝐵𝐵 are respectively the power consumption of the RF transceiver and the baseband processing modules. Finally, 𝜎 𝐷𝐶 , 𝜎 𝑀𝑆 , 𝜎 𝑐𝑜𝑜𝑙 refer to the loss factors of the DC-DC power supply, the main supply and active cooling power consumption. This power consumption model is used to evaluate the network power consumption in the following.

Hybrid Network Model

Fig. 1-Hybrid network model

The proposed hybrid network model is described in Fig. 1. As shown in Fig. 1, the hybrid network consists of two Orthogonal Frequency Division Multiplexing (OFDM) systems: a broadcasting system composed of a single High Power High Tower (HPHT) site located at the center of the service area and a mobile broadband system composed of 𝑁 𝐿𝑃𝐿𝑇 Low Power Low Tower (LPLT) sites producing a unicast signal according to the LTE standard. The two systems operate in two different frequency bands, without any mutual interference.

Let us consider a transmission of a linear TV service to 𝑀 users uniformly distributed in a given service area. It is assumed that the service is always available and can be continuously transmitted to the users through either the unicast component or the broadcast component. Users are equipped with dual-system receiver capabilities so as they can receive the proposed service from either the broadcasting system or the unicast system. A minimum capacity per user, denoted as 𝐶 𝑟𝑒𝑞 , is required to correctly receive the proposed service. It is also assumed that the proposed service is requested by all 𝑀 users in the service area.

As in [START_REF] Cornillet | Optimization of the energy efficiency of a hybrid broadcast/unicast network[END_REF], we consider in this paper that the propagation model is limited to the effect of the path loss. A log-distance path loss model is used to evaluate the path loss value at any distance from any transmitter site. Therefore the average signalto-noise ratio (SNR) at a distance 𝑟 from a transmitter is given by , () 4
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where 𝑃 𝑒 the average transmission power of the transmitter is, 𝑃 𝑛 is the average receiver noise power, 𝜆 is the wave length related to the carrier frequency of the transmitted signal, and 𝛼 is the path loss exponent.

Capacity of the broadcasting system

In a broadcasting system, all subcarriers available for data transmissions are allocated to multiple users. It is not possible to dynamically adapt the transmission parameters according to the reception conditions of the users. Moreover, the transmissions should be configured statistically to serve the worst-case user in the service area. Therefore, the capacity of a broadcasting system is determined by the capacity of a user located at the edge of the coverage area. This implies that all users in the broadcast coverage area have the same capacity, which depends on the transmission power of the HPHT site, the targeted coverage area, and the required capacity to receive the proposed service.

In the scope of this paper, given a service capacity requirements 𝐶 𝑟𝑒𝑞 , the broadcasting system is planned such that
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where 𝐵 𝑏𝑐 is the transmission bandwidth of the broadcasting system and 𝛾 𝑚𝑖𝑛 is the average SNR of a user located at the edge of the broadcast coverage area, i.e. at a distance 𝑅 𝑚𝑎𝑥 from the HPHT site.

Finally, the capacity of the broadcasting system is expressed as
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where 𝑀 𝑏𝑐 is the number of users that receive the service through the broadcasting system.

Capacity of the mobile broadband system

As shown in Fig. 1, it is assumed for simplicity that all LPLT sites have the same transmission parameters and coverage areas. Therefore, we start by focusing on a single LPLT site and then extend the results to all LPLT sites. In contrast to a broadcasting system, a mobile broadband system relies on unicast transmissions, which implies that the proposed service is delivered to each user separately. Generally speaking, a LPLT transmitter allocates a block of subcarriers, i.e. a Resource Block (RB), to a user based on the average SNR of that user. The number of RBs allocated per user depends on the resource allocation strategy used by the operator. For the purpose of this study, we consider a simple resource allocation strategy that assigns the same number of RBs to all users. In the sequel, we denote as 𝑅𝐵 𝑚 the number of RBs to allocate to each user 𝑚. To meet the service capacity requirements, 𝑅𝐵 𝑚 is chosen such that for all users we have
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where 𝐵 𝑚 = 𝑅𝐵 𝑚 𝐵 𝑅𝐵 is the transmission bandwidth allocated to user 𝑚 with 𝐵 𝑅𝐵 the bandwidth of a resource block, and 𝛾(𝑟 𝑚 ) is the SNR of a user 𝑚 located at a distance 𝑟 𝑚 from the attached LPLT transmitter.

The capacity of a LPLT site is then defined as the sum-capacity of all users attached to that LPLT transmitter. However, since the number of RBs available is limited, the LPLT transmitter cannot allocate 𝑅𝐵 𝑚 RBs to all users. Let 𝜂 𝑚 be a binary variable that indicates whether or not the transmitter has assigned 𝑅𝐵 𝑚 RBs to the user 𝑚. Finally, the capacity of a LPLT site 𝑖 is obtained as
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Where 𝑢𝑐,𝑖 𝑐𝑒𝑙𝑙 is the set of users that receive the service through the unicast network from the LPLT site 𝑖.

Performances Metrics

To study the energy efficiency of the hybrid network model presented in this paper, we define here the service capacity and the power per bit metrics.

The service capacity metric

The service capacity 𝐶 𝑆 is defined as the sum capacity of all users in the service area that have access to the proposed service. In other words, the service capacity is the sum of the capacity of the broadcasting system given by (4) and the capacity of the mobile broadband network obtained from [START_REF] Fam | Global Throughput Maximization of a Hybrid Unicast-Broadcast Network for Linear Services[END_REF]. This leads to , ,
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where

LPLT is the set of LPLT cells in the given service area. The service capacity is regarded as a random variable in this paper; therefore we consider the average value 𝐸[𝐶 𝑆 ] of the service capacity in the following.
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The power per bit metric

The power per bit 𝑃 𝑏𝑖𝑡 is defined as the total power consumption of the network divided over the service capacity. This leads to
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Where 𝑃 𝑖𝑛 𝑏𝑐 is the total power consumption of the broadcasting system and 𝑃 𝑖𝑛,𝑖 𝑢𝑐 is the total power consumption of the 𝑖 𝑡ℎ LPLT cell. The total power consumptions are obtained from the EARTH project power consumption model given by [START_REF] Catrein | Analytic evaluation of a hybrid broadcast-unicast TV offering[END_REF]. Finally, 𝑇 is the transmission time and 𝐸[𝐶 𝑆 ] is the average service capacity.

Problem Statement

First, as stated above in Section 3.1, the planning of a broadcast network is usually done considering the worst case scenario. This planning strategy results to a low service capacity with a high transmission power of the HPHT site, which leads to high power consumption.

Second, when the number of users in a mobile broadband network increases, only a few users will receive the service since the number of available RBs is limited. This limits the number of users supported by the system.

Based on these observations, we have introduced in [START_REF] Fam | Global Throughput Maximization of a Hybrid Unicast-Broadcast Network for Linear Services[END_REF] a new of operation for the hybrid network where some users receive the service through the broadcast network while the others receive the same service through the mobile broadband network. This new operation mode increases the overall service capacity while guaranteeing a targeted quality of service. In this paper, we aim to extend our previous work by evaluating the energy efficiency of this new operation mode. Our goal is to find the optimal broadcast coverage area that reduces the power per bit used to deliver a service. We consider the delivery of one high definition (HD) linear service to 𝑀 outdoors users in a 30 × 30 𝑘𝑚 2 service area.

Numerical Evaluation

Simulation settings

The 𝑀 users are uniformly distributed in the service area. The minimum capacity 𝐶 𝑟𝑒𝑞 required to receive the service is 𝐶 𝑟𝑒𝑞 = 2 𝑀𝑏𝑝𝑠.

For the mobile broadband network, we consider a LTE unicast system. The smallest radio resource unit that is allocated to a user is the LTE physical resources block (PRB) which is a group of 12 subcarriers of 15 KHz. The total bandwidth is divided in subchannels of 180 KHz, i.e. 1 PRB. The length of one PRB is 0.5 ms which is the length of a slot. A slot is composed of 7 OFDM symbols. The resource allocation is done in a time and frequency domain at each subframe. A subframe is composed of 2 slots, which forms a Transmission Time Interval (TTI). In this paper, a simple resource allocation strategy is assumed for the unicast network; therefore from [START_REF] Razzac | Comparison of LTE eMBMS and DVB-NGH mobile TV solutions from an energy consumption perspective[END_REF] the number of RBs assigned to a user is fixed to 𝑅𝐵 𝑚 = 5.

For the broadcast network, we consider a dedicated LTE broadcast system, where all PRBs are assigned to all users covered by the broadcast network. This assumption is made to highlight the benefits of broadcast and unicast cooperation without any physical layer comparison. Further, this assumption allows us to simulate the offloading cooperation scenario where the LTE broadcast mode (e.g. eMBMS) is improved and then embedded in DVB-T2 future extension frame as suggested in [START_REF] Crussiere | A Unified Broadcast Layer for Horizon 2020 Delivery of Multimedia Services[END_REF], [START_REF] Rother | A Software Defined Radio based implementation of the 'Tower Overlay over LTE-A+' system[END_REF]. Finally, from (3) the minimum SNR is set to 𝛾 𝑚𝑖𝑛 = 0 [𝑑𝐵].

Radio network simulations have been performed with the Vienna LTE-A downlink system level simulator [START_REF] Taranetz | Runtime Precoding: Enabling Multipoint Transmission in LTE-Advanced System-Level Simulations[END_REF]. Numerical results were provided by emulating the behavior of different hybrid operation modes. The simulator functionalities have been extended to integrate HPHT transmitters operating in a broadcast mode using a dedicated LTE broadcast signal such as the eMBMS++ [START_REF] Crussiere | A Unified Broadcast Layer for Horizon 2020 Delivery of Multimedia Services[END_REF], [START_REF] Rother | A Software Defined Radio based implementation of the 'Tower Overlay over LTE-A+' system[END_REF]. Therefore, typical values of LTE system parameters listed in Table 1 are considered for numerical evaluations. To obtain statistically consistent results, we have performed Monte Carlo simulations to evaluate the metrics presented in Section 3. Fig. 2(a) shows the evolution of the average service capacity of the hybrid network as a function of the broadcast coverage area in terms of the coverage radius. The results are presented for 1 000 UEs. First observe that the lowest service capacity is achieved without network cooperation, i.e. when both networks are used in a standalone mode. Furthermore, Fig. 2(a) also shows that the service capacity is improved with network cooperation. The maximum service capacity is reached when the broadcast coverage radius is reduced to 12 km, which is the optimal broadcast coverage radius in this situation. The results suggest that network cooperation increases the average service capacity.

Results and Discussions

Fig. 2(b) gives the evolution of the average total power per bit as a function of the broadcast coverage radius for 1 000 UEs in the service area. The results show that the power per bit used is higher when there is no cooperation. On the contrary, with network cooperation, the total power per bit is significantly reduced. As expected, Fig. 2(b) shows that increasing the service capacity reduces the total power per bit used (please refer to (8)). In addition, Fig. 2(b) also shows that for 1 000 UEs, the minimum power per bit is achieved when the broadcast coverage radius is set to 15 km, which leads to a new optimal broadcast coverage radius. Observe that this optimal broadcast coverage radius that leads to the reduction of the total power per bit used does not match the optimal broadcast coverage radius that leads to the maximization of the service capacity. Therefore a tradeoff between service capacity and total power per bit used has to be made. Nevertheless, the service capacity and the total power per bit are both improved with such hybrid approaches. 

Conclusion

This study has investigated the energy efficiency of using network cooperation to deliver linear services to mobile and portable devices. We have proposed new hybrid operation modes to optimize the overall capacity of the hybrid network while reducing the power per bit used to deliver the proposed service. The results suggest also that a trade-off between the maximization of the capacity and the minimization of the total power per bit used has to be made. Both optimal operation modes cannot be reached at the same time.
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Fig. 2 -

 2 Fig. 2 -Evolution of the service capacity (a), and the total power per bit (b) vs the broadcast coverage radius.Results are presented for M =1 000 UEs in the service area.

Finally the irregularities observed on Fig. 2 (

 2 a) and Fig. 2(b) are related to the SINR-to-capacity mapping function used by the simulator. Indeed, the function can map several SINR values to the same capacity.

Table 1 -

 1 Simulation Parameters

		Unicast	Broadcast
	Network infrastructure	LPLT	HPHT
	Network layout	Hexagonal grid	Single cell
	Antenna	Omnidirectional
	Inter site distance	1500 m	
	Resource allocation	𝑅𝐵 𝑚 = 5	
	Transmission power (EIRP)	1.2 kW	3.3 kW
	Carrier frequency	750 MHz	700 MHz
	Pathloss exponent	2.8	2.6
	Transmission time	𝑇 = 1 TTI
	Bandwidth	10 MHz