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Abstract-Device-to-Device (D2D) communication for Massive Machine-Type Communication (mMTC) applications is a promising approach to reduce the energy consumption of the battery-limited Machine-Type Devices (MTDs) located in poor coverage areas. In this paper, we analyze the energy consumption of the MTDs when Automatic Repeat reQuest (ARQ) and Hybrid ARQ with Chase Combining (CC-HARQ) mechanisms are used to improve the reliability of D2D communication. By using the tools of stochastic geometry, we derive analytical expressions for the system success probability, the average number of transmissions, and the average MTD energy consumption. Numerical results show that CC-HARQ mechanism outperforms ARQ mechanism in terms of energy consumption, especially when the distance between an MTD and its relay increases (at low relay density) or when the density of MTDs sharing the same sub-channel increases.
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I. INTRODUCTION

Reducing the energy consumption of Machine-Type Devices (MTDs) is one of the main challenges of Massive Machine-Type Communication (mMTC) applications since MTDs typically operate using a battery, which is not recharged or replaced for several years. In addition, MTDs are lowcomplexity devices and have relaxed requirements in terms of data rate.

Device-to-Device (D2D) communication is considered as one of the technical enablers for future 5G networks. D2D refers to the direct communication between two devices, without going through the base station. Recently, D2D technology has been studied as an alternative for mMTC applications. In that case, the User Equipments (UEs) act as relays establishing D2D links with nearby MTDs [START_REF] Pratas | Underlay of low-rate machine-type D2D links on downlink cellular links[END_REF] [2] [START_REF] Rigazzi | Aggregation and trunking of M2M traffic via D2D connections[END_REF]. This configuration allows reducing the energy consumption of the MTDs since the MTD-UE path-loss is less than the MTD-BS path-loss.

In D2D communications, there are two modes for resource allocation [START_REF] Gpp | Study on LTE Device to Device Proximity Services; Radio Aspects[END_REF]. In mode 1 or Scheduled mode, the base station schedules and assigns resources. All MTDs inside the cell then use dedicated resources to transmit as in traditional cellular communications, avoiding intra-cell interference but not intercell interference. In mode 2 or Autonomous mode, MTDs autonomously select resources from pools that are preconfigured or given by the base station if they are in coverage. In this mode, depending on the traffic expectations, the mobile operators dimension the resource pools. In autonomous mode, two or more devices could select the same resource causing interference between them. In this paper we focus our analysis on the Autonomous mode, and we leave the Scheduled mode for future work.

Retransmission schemes increase the transmission reliability exploiting the temporal diversity of the channel. The most common schemes are Automatic repeat request (ARQ) and hybrid ARQ (HARQ) that combines ARQ and forward error correction (FEC) mechanisms.

In our analysis, we are considering only the transmission of messages from the MTDs to the network since mMTC traffic is usually uplink-dominated. An MTD uses a UE as a relay to send its messages to the base station. Both devices are connected through a D2D link. ARQ is the simplest retransmission scheme, in which the same packet is retransmitted if requested by the receiver. In HARQ with Chase combining (CC-HARQ) [START_REF] Chase | Code combining: A maximum-likelihood decoding approach for combining an arbitrary number of noisy packets[END_REF], the same operations are done as for ARQ at the transmitter side. Nevertheless, the operations are slightly more complex at the receiver side. In this paper, the MTDs are the transmitters while the relays (UEs) are the receivers. Therefore, ARQ and CC-HARQ would be suitable for mMTC applications since they allow to improve the transmission reliability without increasing the complexity of the MTDs.

Most of the existing studies related to retransmission mechanisms for mMTC do not consider interference [START_REF] Centenaro | A comparison of energyefficient HARQ protocols for M2M communication in the finite blocklength regime[END_REF] [7] [START_REF] Manhas | Energy efficiency analysis of HARQ with chase combining in multihop wireless sensor networks[END_REF]. In [START_REF] Manhas | Energy efficiency analysis of HARQ with chase combining in multihop wireless sensor networks[END_REF], the authors consider HARQ with Chase Combining for wireless sensor networks due to the simplicity of this protocol. In [START_REF] Bagaa | An efficient D2D-based strategies for machine type communications in 5G mobile systems[END_REF] the authors propose one solution allowing reducing the energy consumption of the MTDs. They consider a model of energy consumption taking into account the cumulative interference, but the analysis was only carried out for the ARQ mechanism.

In this paper, we compare the performance of ARQ and CC-HARQ mechanisms in terms of energy consumption, considering the D2D autonomous resource allocation scheme. We take into account the impact of Rayleigh fading, log-normal shadowing, and interference caused by other MTDs. Analytical expressions for the success probability, the average number of transmissions, and the MTD energy consumption are derived using a stochastic geometry approach.

The remainder of this paper is organized as follows. Section II presents the system model. The system success probability and the number of transmissions are derived in section III.

In Section IV, we analyze the energy consumption and we compare with some numerical results in Section V. Finally conclusions are given in Section VI.

II. SYSTEM MODEL

A. Network Model

We consider a cellular network where the locations of UEs form a homogeneous Poisson point processes (PPP) Φ U with density λ U in R 2 . An active MTD transmits its reports using a UE as a relay via a D2D link. D2D links and cellular links are orthogonal. Hence, there is no interference between these systems. We assume that the locations of MTDs form an independent homogeneous PPP Φ M with density λ M in R 2 . An MTD shares resources with other ones that use the same sub-channel. Hence, a UE acting as a relay suffers interference from other MTD-UE links as shown in Fig. 1. 

B. Communication Model

During the discovery phase, an MTD searches and selects a UE which will be used as a relay until the transmission is successful. In this study, we only analyze the MTD energy consumption in the data transmission phase, i.e. after the MTD has selected a relay. All the MTDs transmit at fixed power P tx and at fixed rate R m as in [START_REF] Pratas | Underlay of low-rate machine-type D2D links on downlink cellular links[END_REF].

Without loss of generality, we consider a reference receiver (UE-0) located at the origin of coordinates (0, 0) and its transmitter peer (MTD-0) located at a distance r g from UE-0. We model the communication channel considering path loss attenuation r -α g , Rayleigh fading H, and log-normal shadowing effect exp(χ). Then, the reception power P rx at UE-0 can be derived as

P rx = P tx H(r g /r 0 ) -α exp(χ), (1) 
where P tx is the MTD transmission power, H is an exponentially distributed random variable (RV) with unit mean, r 0 is a constant propagation parameter, α is the path loss exponent, and χ is zero-mean Gaussian RV with variance σ 2 .

Log-normal shadowing is also characterized in terms of its dB-spread σ dB = 10σ/ ln [START_REF] Dhillon | Downlink Rate Distribution in Heterogeneous Cellular Networks under Generalized Cell Selection[END_REF].

Let K be the number of available sub-channels for D2D links, which is dimensioned by the operator depending on the density of devices sharing resources. We assume that an MTD in D2D mode randomly selects a sub-channel with the same probability 1/K (Autonomous mode). Then, the MTDs that have selected the same sub-channel as MTD-0 form a thinning PPP Φ m = {x i } from Φ M , with density λ m = λ M /K. The cumulative interference at UE-0 can be expressed as

I = ∑ xi∈Φm P tx H xi (r g,xi /r 0 ) -α exp(χ xi ), (2) 
where all H xi are i.i.d. exponential RVs with unit mean, all χ xi are i.i.d. Gaussian RVs with zero mean and variance σ 2 , and r g,xi represents the distance from the origin of coordinates to x i .

Let θ be the signal-to-interference and noise ratio (SINR) at UE-0. Combining and simplifying ( 1) and ( 2), we obtain

θ = P rx N 0 + I ≈ P rx I = Hr -α g exp(χ) ∑ xi∈Φm H xi r -α g,xi exp(χ xi ) , ( 3 
)
where N 0 represents the noise power, usually negligible compared to cumulative interference.

In order to simplify our analysis, we use the displacement theorem [10, lemma 1]. Then, we can re-write (3) as

θ = Hr -α ∑ x ′ i ∈Φ ′ m H x ′ i r -α x ′ i , ( 4 
)
where

Φ ′ m = {x ′ i } is a homogeneous PPP with density λ m E[e -2χ/α ] = λ m e 2σ 2 /α 2
and r = e -χ/α r g is the modified distance between MTD-0 and UE-0. In order to ensure analytical tractability, in the rest of this paper, our analysis is based on the modified distance r.

The transmission success probability of a single transmission is given by

P s = P(θ ≥ θ th ) = P ( Hr -α ∑ x ′ i ∈Φ ′ m H x ′ i r -α x ′ i ≥ θ th ) , (5) 
where θ th is the SINR threshold. Since H ∼ exp(1), and Φ ′ m forms a PPP with density λ m e 2σ 2 /α 2 , we can use the tools of stochastic geometry. Then, (5) can be derived as in [START_REF] Haenggi | Interference in large wireless networks[END_REF]:

P s (r) = exp(-πλ m e 2σ 2 /α 2 r 2 θ 2/α th Γ(1 + 2/α)Γ(1 -2/α)), (6) 
where Γ(x) = ∫ ∞ 0 t x-1 e -t dt denotes the gamma function. The cumulative distribution function (CDF) of the SINR is

F θ (θ) = 1-exp(-πλ m e 2σ 2 /α 2 r 2 θ 2/α Γ(1+2/α)Γ(1-2/α)). (7) 
Then, the probability density function (PDF) of the SINR can be derived as where Ω = (πλ m e 2σ 2 /α 2 r 2 Γ(1 + 2/α)Γ(1 -2/α)) -α/2 , and β = 2/α. Note that (8) follows a Weibull distribution of shape parameter β and scale parameter Ω.

f θ (θ) = dF θ (θ) dθ = β Ω ( θ Ω ) β-1 e -(θ/Ω) β , ( 8) 

III. SYSTEM SUCCESS PROBABILITY AND AVERAGE NUMBER OF TRANSMISSIONS

In this section, we calculate the system success probability and the average number of transmissions for ARQ and CC-HARQ schemes. In both schemes, MTD-0 resends a packet until it is successfully received or until a maximum number of transmissions N is reached. UE-0 answers with an acknowledgment (ACK) if the packet is received correctly or a negative acknowledgment (NACK) if the packet is received with errors as shown in Fig. 2.

A. Performance of ARQ scheme

In ARQ, when a packet is received with errors the receiver discards it and asks for a retransmission of the same packet.

a) System success probability: The probability of failure in each transmission is independent of the other transmissions [START_REF] Bagaa | An efficient D2D-based strategies for machine type communications in 5G mobile systems[END_REF]. We can derive an expression of the system success probability after N transmissions for ARQ scheme:

P s,arq (r) = 1 -(1 -P s ) N , ( 9 
)
where P s is the success probability in a single transmission, which is defined in [START_REF] Centenaro | A comparison of energyefficient HARQ protocols for M2M communication in the finite blocklength regime[END_REF]. b) Average number of transmissions: Considering the ARQ scheme, the number of transmissions T arq needed to correctly receive a packet varies randomly according the channel conditions. The average number of transmissions can be obtained as in [START_REF] Bagaa | An efficient D2D-based strategies for machine type communications in 5G mobile systems[END_REF]:

T arq (r) = 1 -(1 -P s ) N P s . ( 10 
)
From ( 9), we can also deduce the z-th percentile number of transmissions for ARQ:

T z-th,arq (r) = ⌈ln(1 -z%)/ ln(1 -P s )⌉, (11) 
where ⌈•⌉ is the ceiling operator.

B. Performance of HARQ with Chase Combining scheme

In CC-HARQ, a packet received with errors is not discarded anymore. The receiver stores this packet in a buffer, and then combines it with the next transmitted packet. The transmitted packet is an identical copy of the original packet.

Thanks to the maximal ratio combining (MRC) technique, the energy is accumulated in each transmission. Hence, the global SINR after n transmissions can be written as:

Θ n = n ∑ i=1 θ i , ( 12 
)
where θ i is the SINR at the receiver in round i. a) System success probability: Unlike the ARQ scheme, in CC-HARQ the success probability in each new transmission depends on the previous transmissions. Let φ n be the probability that first n transmissions fail in a CC-HARQ scheme:

φ n = P(Θ n < θ th ) = P( n ∑ i=1 θ i < θ th ). ( 13 
)
We have shown in ( 8) that θ i follows a Weibull distribution. Then φ n is the CDF of the sum of n i.i.d. Weibull RVs of shape β and scale Ω parameters. An approximation for the CDF of the sum of n i.i.d. Weibull RVs is presented in [START_REF] Bessate | A very tight approximate results of MRC receivers over independent Weibull fading channels[END_REF]. Using this approximation we have

φ n = 1 -exp(-U n ) n-1 ∑ i=0 (U n ) i i! , ( 14 
)
where

U n = πλ m e 2σ 2 /α 2 r 2 Γ(1 + 2 α )Γ(1 -2 α ) ( Γ(n+2/α) n!Γ(1+2/α) θ th
) 2/α . We can re-write [START_REF] Liu | Cross-Layer combining of adaptive Modulation and coding with truncated ARQ over wireless links[END_REF] as

φ n = 1 - Γ(n, U n ) (n -1)! , ( 15 
)
where Γ(a, x) = ∫ ∞ x t a-1 e -t dt is the upper incomplete gamma function.

Then, the system success probability after N transmissions for CC-HARQ can be expressed as

P s,harq (r) = 1 -φ N = Γ(N, U N ) (N -1)! . ( 16 
)
b) Average number of transmissions: The average number of transmissions of CC-HARQ can be derived as in [START_REF] Lagrange | Throughput of HARQ protocols on a block fading channel[END_REF]:

T harq (r) = 1 + N -1 ∑ n=1 φ n . ( 17 
)
Combining ( 15) and ( 17), we obtain

T harq (r) = N - N -1 ∑ n=1 Γ(n, U n ) (n -1)! , ( 18 
)
where N is the maximum number of transmissions, and U n is defined in [START_REF] Liu | Cross-Layer combining of adaptive Modulation and coding with truncated ARQ over wireless links[END_REF]. The z-th percentile number of transmissions for CC-HARQ T z-th,harq can be derived from (16). We have

T z-th,harq (r) = n * , ( 19 
)
where n * is the smallest integer value which satisfy the inequality Γ(n * ,U n * ) (n * -1)! ≥ z%. We can use numerical computation to find n * .

IV. ENERGY CONSUMPTION MODELING

The MTD energy consumption in a single transmission can be derived as

E m,1 = P m,T t m,T + P m,R t m,R + P m,I t m,I , ( 20 
)
where P m,T , P m,R , and P m,I are the MTD power consumption in Tx state, Rx state, and Idle state respectively; t m,T , t m,R , and t m,I are the duration of Tx state, Rx state, and Idle state respectively (see Fig. 2). We assume that an MTD transmits at a fixed power (no power control) and at a fixed data rate (no link adaptation) due to its low complexity and low cost. Then, we have t m,T = L/R m , where L is the packet size and R m is the MTD bit rate.

The back-off time t m,I is a random time that allows the independence of transmissions in case two or more devices transmit at the same time. In this work, we consider t m,I = ηt m,T , where η is a random integer following an exponential distribution with a mean η = 5. It should be noted that the back-off time does not increase significantly the energy consumption since the MTD during this time is in Idle state. On the other hand, the delay could increase significantly as a function of η. However, mMTC applications are delay-tolerant.

We assume that t m,R = t m,T , thereby the ACKs will have enough redundancy in order to ensure that they will be received correctly by the MTD.

Then, the average MTD energy consumption in a single transmission can be expressed as

E m,1 = (P m,T + P m,R + ηP m,I ) L R m . ( 21 
)
The average of the global energy consumed by the MTD E m,G can be derived as

E m,G (r) = E m,1 T , ( 22 
)
where T denotes the average number of transmissions defined in [START_REF] Dhillon | Downlink Rate Distribution in Heterogeneous Cellular Networks under Generalized Cell Selection[END_REF] and (18) for ARQ and CC-HARQ respectively.

V. NUMERICAL RESULTS

In this section, the analytical and simulation results are presented to validate the accuracy of our analytical models. The simulation parameters are specified in Table I. We consider the same modulation and coding schemes (MCS) as in [START_REF] Liu | Cross-Layer combining of adaptive Modulation and coding with truncated ARQ over wireless links[END_REF], as well as the same SINR thresholds (see Table II). All the simulations are performed using MATLAB.

The system success probability as a function of the modified distance MTD-UE is shown in Fig. 3. In this figure, NARQ represents a single transmission. We can see that the analytical and the simulation results fit well. We can also notice that as N increases CC-HARQ scheme becomes more advantageous than ARQ scheme.

We compare the performance of ARQ and CC-HARQ in terms of the number of transmissions as well as the average energy consumption. In this regard, we assume N large enough (e.g. N = 128) such that the success probability is similar in both retransmission schemes up to a certain MTD-UE distance (see Fig. 3 ). As shown in Fig. 3, for N = 128 and MCS-3, the maximum distance MTD-UE where the success probability is greater than 95% in both retransmission schemes is approximately 140 meters. Therefore, in the rest of this paper, we compare the performance of both ARQ and CC-HARQ for distances MTD-UE less than 140 meters. The average and the 95th percentile number of transmissions for ARQ and CC-HARQ schemes are presented in Fig. 4. We can see that the analytical and the simulation results fit well. In addition, this figure shows the advantage of CC-HARQ over ARQ in terms of the number of transmissions. This advantage increases when the distance MTD-UE increases. For example, at a distance MTD-UE of 100 meters, 95% of the MTDs transmit successfully in less than 9 and 6 transmissions using ARQ and CC-HARQ respectively. Fig. 5 shows the average MTD energy consumption for different modulation and coding schemes. Note that the energy consumption could be reduced if the MTD would be able to dynamically adapt its modulation and coding scheme.

One of the main characteristics of the mMTC applications is the high connection density (devices/km 2 ) while one of the advantages of D2D relaying is the reuse of resources. As we mentioned above, λ m represents the density of MTDs sharing the same sub-channel. So far, we have considered that all the MTDs share a single sub-channel (K = 1). However, due to the interference the number of transmissions and the MTD energy consumption increase exponentially, especially for distances MTD-UE greater than 100 meters. A solution would be to increase the number of sub-channels, which reduce the density of devices sharing a sub-channel. Fig. 6 shows the average MTD energy consumption considering 1, 2, 4 and 8 sub-channels. From this figure, we observe that CC-HARQ outperforms ARQ in terms of energy consumption especially at a high density of devices sharing a sub-channel.

As shown in Fig. 6, the difference between CC-HARQ and ARQ in terms of energy consumption is more evident as the modified distance MTD-UE r increase. This distance is a random variable since the locations of the MTDs and UEs form two independent PPPs. Assuming that during the discovery phase an MTD selects the nearest UE as its relay. Hence, the CDF of r can be derived as in [START_REF] Andrews | A Tractable Approach to Coverage and Rate in Cellular Networks[END_REF] P(r ≤ R) = 1 -exp(-λ U πR 2 ). It is worthwhile noting that the distance MTD-UE depends only on the density of UEs λ U . For example, for λ U = {16 × 10 -6 , 32 × 10 -6 , 64 × 10 -6 } in 90% of cases the MTD-UE distances are less than 214, 151, 107 meters respectively. The MTD density and the UE density are two important parameters when comparing the ARQ and CC-HARQ schemes.

VI. CONCLUSION AND FUTURE WORKS

In this paper, we compared the performance of ARQ and CC-HARQ mechanisms in terms of the average energy consumption for D2D communications. Using stochastic geome- try, we derived analytical expressions for the system success probability, the average number of transmissions, and the average MTD energy consumption of ARQ and CC-HARQ. Our analysis takes into account Rayleigh fading, shadowing and the interference among D2D links when they share the same sub-channel. The accuracy of these analytical expressions is confirmed by simulations.

For future work, we will investigate the energy consumption of the MTDs using D2D relaying mechanisms where the resources allocation is performed in scheduled mode. Moreover, the model of the energy consumption will be extended considering the discovery phase.
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 5 Fig. 5. Average MTD energy consumption of ARQ and CC-HARQ as a function of the modified distance MTD-UE, considering maximum number of transmissions N = 128, and one sub-channel (K = 1).
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 6 Fig. 6. Average energy consumption of ARQ and CC-HARQ as a function of the modified distance MTD-UE, considering MCS-3, maximum number of transmissions N=128, and number of sub-channels K = {1, 2, 4, 8}.