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Introduction

Over the past few years, we have witnessed a significant growth in wireless applications. Wireless ad hoc, wireless sensors networks (WSNs), vehicular ad hoc networks (VANETs) are examples of wireless networks that been receiving a lot of interest from both academia and industry. Internet of Things (IoT) is also a promising domain that is a fast growing market [START_REF] Hammi | Internet of Things (IoT) Technologies for Smart Cities[END_REF].

Today, many devices are battery powered. Their energy storage capacities are limited which makes battery management a critical issue. In [START_REF] Fouchal | A distributed power management optimisation in wireless sensors networks[END_REF][START_REF] Fouchal | A battery recovery aware routing protocol for Wireless Sensor Networks[END_REF][START_REF] Koulali | Dynamic power control for energy harvesting wireless multimedia sensor networks[END_REF], the authors proposed solutions that are based on enhancing the sleep period of nodes which communicate only when the nodes are awake or wait for battery recharging during this period. In [START_REF] Zeadally | Design Architectures for Energy Harvesting in the Internet of Things[END_REF][START_REF] Bernard | Slot scheduling for wireless sensor networks[END_REF] , the authors proposed a distributed mechanism which allows nodes to communicate alternatively. This means when 2 nodes are communicating with each other, all the other nodes have to be in a sleep period.

In order to prolong the network lifetime, the transmission power is drastically reduced which directly affects the transmission range. In addition, signal fading can limit the reliability and the radio range of communications between any type of wireless systems. Meanwhile, interferences limit the spectral resource reuse. Recent findings have enhanced wireless communications using multiple-input multiple-output (MIMO) that has increased spectral efficiency for a given total transmit power. In [START_REF] Yang | Spectral Efficiency Optimization and Interference Management for Multi-Hop D2D Communications in VANETs[END_REF][START_REF] Bennis | Carrier sense aware multipath geographic routing protocol[END_REF][START_REF] Kasi | Interference management in dense inband D2D network using spectral clustering and dynamic resource allocation[END_REF], the authors proposed solutions that focus on reducing the transmission power to the optimal and minimum level. The aim is to dynamically tune the transmission power in order to be able to reach the required neighbors. The mechanisms are usually implemented together with routing protocols.

MIMO systems extend antenna array communications where multiple transmitter and receiver antennas are used. This aspect provides a spatial diversity that improves the communication quality significantly [START_REF] Bliss | MIMO Wireless Communication[END_REF].

Cooperative networks exploit single-antenna equipments to reap some of MIMO's benefits. Thus, a multi-user can use its antennas to create a virtual MIMO system. The techniques proposed in [START_REF] Sendonaris | User cooperation diversity-part I: system description," and "User cooperation diversity-part II: implementation aspects and performance analysis[END_REF][START_REF] Laneman | Cooperative diversity in wireless networks: Efficient protocols and outage behavior[END_REF][START_REF] Scaglione | Opportunistic large arrays: cooperative transmission in wireless multi-hop ad hoc networks for the reach back channel[END_REF] give the opportunity to nodes to manage their various communication channels efficiently in order to activate the channel which allows the most efficient transmission compared to the others. Cooperative networks are communication systems where users relay messages to each other to reach the destination. Various cooperation strategies have been proposed. The most well-known relaying schemes are amplify-and-forward (AF) and decode-and-forward (DF) [START_REF] Laneman | Cooperative diversity in wireless networks: Efficient protocols and outage behavior[END_REF]. In [START_REF] Huang; Hong | Lifetime maximization for amplify-and-forward cooperative networks[END_REF][START_REF] Chen | Maximizing the lifetime of sensor network using local information on channel state and residual energy[END_REF][START_REF] Zhao | Energy-aware data-centric MAC for application-specific sensor networks[END_REF], the authors described different strategies which focus either on selecting the most powerful relay or the least used relay.

Relay selection is an important issue within these networks. In addition, this selection scheme must be battery discharge aware. The authors of [START_REF] Huang | Lifetime maximization for amplify-and-forward cooperative networks[END_REF] reviewed relay selection methods is provided but they considered a linear battery discharge. The battery discharge non-linearity has been considered in some previous works, such as [START_REF] Tang | Battery power efficiency of PPM and FSK in wireless sensor networks[END_REF] and [START_REF] Zytoune | Energy usage analysis of digital modulations in wireless sensor networks with realistic battery model[END_REF]. These studies have shown that the real battery behavior is mostly affected by the shape and the amount of energy discharge. As far as we know, a real battery model has not been considered in cooperative networks. Thus, the objective of our work is to introduce a real battery model wherein relays are selected to amplify and forward communications.

In all these studies, many approaches have been proposed to improve the efficiency of transmissions in cooperative networks. These strategies include: exploiting the antenna, better selection of the relays, reducing the energy consumption, and so on. We observe also that the battery discharge is a very challenging issue in communications. It has been integrated in many studies but on devices alone. In our study, we propose to improve the cooperative networks by using the battery discharge on relays which will prolong the battery life on relays. The use of battery discharge on MIMO networks have never been proposed in any previous works.

Motivation and Research contributions

The motivation of this work is to optimize the battery energy because a part of this battery charge is wasted. We aim to reduce this energy loss by making the following research contributions:

• First, we determine the probability density function (PDF) of the current load from the battery to achieve the transmission of a given amount of data in a Rayleigh channel.

• Second, we compare two relay selection schemes. We first consider only one relay at each transmission round and then multiple relays are selected.

• Finally, we derive the optimal relay transmission power assignment for the case of MIMO cooperative transmission by decomposing the required S NR at the destination over all the relay nodes.

We organize the rest of the paper as follows. Section 2 presents the system model used in this work. Section 2.2 describes the battery model including the energy lost in the battery discharge because the relays nodes are assumed to be battery powered. Section 3 presents a study of the relay selection scheme based on the battery model. We prove that using parallel transmission over multiple relays is better than selecting one relay for each message transmission.

Based on the results of Section 3, In Section 4, we propose a power assignment approach for the relay nodes to meet the required destination's SNR (in this work we consider two-hop transmissions). Section 5 presents an assessment of the proposed analysis to prove its effectiveness. Finally, Section 6 concludes the paper and outlines some future research directions.

System Model

Next, we describe the two models used in this work. The first model determines the required transmit power of relays to achieve the given S NR. Since relays are assumed to be battery powered, thus the transmit power is consumed from those batteries. The second model is related to batteries discharge representation. Thus, batteries are characterized by a non-linear model which is more accurate.

Radio model

We consider a wireless cooperative network composed of N nodes that can relay packets from a source to a destination. The relays use amplify and forward (AF) to transmit the received packets to the destination. Fig. 1 depicts the cooperative network we use. h S i denote the channels' coefficients from the source (S ) to the relay i and h id denote those from relay i to the destination (D). All links are assumed to be affected by i.i.d. Rayleigh fading.

The scale parameters of the channels fading distribution are σ si and σ id respectively. We assume that the channel coefficients are constant over a symbol transmission's duration. In cooperative transmissions, communications are achieved in two steps. In the first step, the source node sends its message to the relays. In the second step, the selected relay amplifies and sends this message to the destination.

Let x be the message sent by the source. The received signal at the relay i is:

r i = P s h si x + n i (1) 
where P s is the transmission power of the source and n i is an additive white Gaussian noise(AWGN) with zero mean and variance σ 2 i . The selected relay amplifies the received signal r i and transmits it toward to the destination. The amplification factor α i of the relay i is:

α i = P i σ 2 i + P s | h si | 2 (2) 
Thus, the received signal at the destination is given by:

d = α i h id r i + n d , (3) 
where n d is an additive white Gaussian noise assumed to have zero mean and variance σ 2 d . Without loss of generality, next we assume that the additive white Gaussian noises have unit variances.

The received signal to noise ratio at the destination can be expressed as:

γ d = P s | h si | 2 P i | h id | 2 1 + P s | h si | 2 +P i | h id | 2 (4)
The end user is able to decode the received signal d if the S NR meets a target γ th satisfying:

γ d ≥ γ th (5) 
Thus, if only one relay is selected at each transmission, the required transmission power is given by:

P i ≥ (P s | h si | 2 +1)γ th (P s | h si | 2 -γ th ) | h id | 2 (6) 
Here we assume that a network is considered as dead if the received signal at the destination is below the required SNR. We also assume that each packet transmission lasts for 1 second. So, the network lifetime can be given as a function depending on the relays' residual energies.

Battery Model

Batteries are generally nonlinear and part of their stored energy is wasted when they provide energy to the load, i.e., some energy is lost and is not properly used [START_REF] Rakhmatov | Energy management for battery-powered embedded systems[END_REF]. Thus, the battery consumed energy does not linearly depend on the power load. These nonlinearities become considerable if the discharge power (i.e., the current load) is high. Indeed, the amount of energy wasted depends on the current load. This is known as the rate capacity effect. Furthermore, the recovery phenomenon is observed if the discharge power (or the current) is intermittent. Thus, if the battery is discharged for some time and after it is kept idle for some time, the extracted charge can be enhanced because a fraction of the wasted charge can be recovered.

However, the wasted charge, due to the rate capacity effect, is more significant than the recovery effect because the unavailable charge can be recovered but the wasted charge related to the rate capacity is permanently lost. Thus, in this work, we consider only the rate capacity effect. In the analytical form, given a fixed battery output voltage, if the circuit current requirement for the battery is I, the actual current that is loaded from the battery is:

I act = I µ ,
where µ is the battery efficiency factor that is 0 ≤ µ ≤ 1. So, the charge consumed from the battery is higher than the useful charge consumed by the load.

In [START_REF] Pedram | Design Considerations for Battery-Powered Electronics[END_REF], the authors presented an analytical model for the battery discharge rate. That is, the battery efficiency factor is related to the current load as:

µ = f (I) (7) 
where f (.) is a monotonic-decreasing function. Simple functions used to describe this relationship are:

µ = 1 -βI (8) µ = 1 -ωI 2 (9) 
where β and ω are positive constant numbers.

If we denote C 0 to be the amount of energy stored in a fully charged battery, the actual amount of energy that can be provided to the charge is:

C act = µC 0 ( 10 
)
The node power supply is achieved through a DC-to-DC converter to generate a desired supply voltage for the node.

We assume that the power efficiency of this converter is η which is a positive factor bounded by 1. So, the actual energy that can be loaded from a fully charged battery is:

C act = µηC 0 (11)

Battery Load and Relays Selection Tradeoff

For simplicity, we assume that the battery loaded energy is consumed only for transmission actions because the highest part of the energy is used for transmission (for example, the mcu TI CC2650MODA consumption is about 1.45mA for an active mode running Core Mark code and 9.4mA when transmitting at 5dBm [START_REF] Datasheet | CC2650MODA SimpleLink Multistandard Wireless MCU Module datasheet[END_REF]).

In [START_REF] Zytoune | A relay selection scheme for lifetime extension in amplify-and-forward cooperative networks[END_REF], the authors presented a performance comparison of relevant relays selection schemes considering the battery rate loss. In this paper, we focus on a theoretical analysis of the transmission energy based on battery discharge rate loss. Then, we propose a relay selection technique to optimize the battery usage.

In fact, the low frequency part of the current load is the most relevant to changing the battery efficiency as shown in [START_REF] Gold | A PSPICE macromodel for lithium-ion batteries[END_REF]. Thus, to calculate the charge delivered to the relay radio transceiver we need to evaluate the probability density function(pdf) of the battery's power load. We assume that the supply voltage is constant and we denote V 0 to represent this value. Then, the relay's i transmission power P i can be expressed by:

P i = V 0 .I i , (12) 
We can then obtain the required current load to meet the targeted SNR as:

I i ≥ P i V 0 ( 13 
)
We can rewrite the above equation as:

I i ≥ γ th V 0 P s .|h si (t)| 2 + 1 (P s .|h si (t)| 2 -c).|h id (t)| 2 (14) 
To compute the battery power loss, we have to express the current load probability density function (PDF). We define a new function Z as:

Z(t) = a.|h si (t)| 2 + 1 (a.|h si (t)| 2 -c).|h id (t)| 2 (15)
where the constants a = P s , c = γ th are ≥ 0 and Z ≥ 0. Indeed, we have a.|h si (t)| 2c > to ensure feasible transmission.

The terms h si and h id are independent with Rayleigh distributions. To solve this, we define new variables X and Y as:

X = |h si (t)| 2 and Y = |h id (t)| 2 .
Thus, the variables X and Y are centralized chi-squared distributions with a degree of freedom k = 1. Then, the new expression becomes:

Z(t) = a.X + 1 (aX -c).Y
The probability of Z can be expressed a:

P(Z ≤ z) = P(aX + 1 ≤ z(aX -c)Y) (16) 
Considering that Y ≥ 0, the previous probability can be rewritten as:

P(Z ≤ z) = P(Y ≥ aX + 1 z(aX -c) | aX > c) + P(Y ≥ 0| aX < c) (17) 
Since the variables X and Y are independent, this probability can be expressed as:

P(Z ≤ z) = +∞ c a f X (x) +∞ aX+1 z(aX-c) f Y (y)dxdy + +∞ 0 f Y (y) c a 0 f X (x)dxdy ( 18 
)
where f X and f Y are the probability density function of X and Y respectively. Let F X and F Y be the cumulative density function (CDF) of X and Y variables respectively. The equation( 18) can be rewritten as:

P(Z ≤ z) = +∞ c a f X (x)(1 -F Y ( ax + 1 z(ax -c) ))dx + F X ( c a ) (19) 
This leads to the following result:

P(Z ≤ z) = 1 - +∞ c a f X (x).F Y ( ax + 1 z(ax -c) )dx (20) 
To obtain the desired pdf, we differentiate the equation above related to z. Thanks to Leibniz, by differentiating [START_REF] Tang | Battery power efficiency of PPM and FSK in wireless sensor networks[END_REF],

we can obtain the pdf of Z as:

f Z (z) = -[ +∞ c/a ∂ ∂z F Y ( ax + 1 z(ax -c) ). f X (x)dx] (21) 
This can be rewritten as:

f Z (z) = 1 z 2 +∞ c/a ax + 1 (ax -c) f Y ( ax + 1 z(ax -c) ) f X (x)dx (22) 
For simplicity, we assume that σ id = σ si = σ. Since, h si and h id have rayleigh distribution, the fading power (h 2 si and h 2 id ) have exponential one with rate parameter λ = 1 2σ 2 . Then, f X (x) = λ.e -λx . We should recall that our objective is to find the expression of f Z (z) defined in eq [START_REF] Rakhmatov | Energy management for battery-powered embedded systems[END_REF]. Then

We obtain the pdf of Z :

f Z (z) = λ 2 z 2 +∞ c/a ax + 1 (ax -c) e -λ(x+ ax+1 z(ax-c) ) dx (23) 
From ( 14) and ( 15), we obtain the I i and Z relationship as follows:

I i ≥ γ th V 0 Z (24) 
We use this result to determine the pd f of the I of relay i. Let I be the minimum current that can satisfy the required S NR = γ th . So, the pd f of the current I can be represented as:

f I (I) = V 0 γ th . f Z ( V 0 γ th I) (25) 
Next, we analyze the battery consumption in two cases: in the first case, for each transmission period, only one relay is transmitting and, in the second case, the transmission power is distributed over all the relays.

Only one relay per transmission period:

Let M be the number of relays. The current form is defined as:

f I 1 (I) = M -1 M δ(I) + 1 M . f I (I) (26) 
Multiple relays' transmission:

Since the transmission power is divided over the all M relays, the current provided by the relay i can be expressed as:

I i = γ th MV 0 .Z (27) 
we can obtain the pdf of this current as:

f I 2 (I) = MV 0 γ th f Z ( MV 0 γ th I) (28) 
Let I be the current supplied from the battery and I ∈ [I min , I max ]. We can express the real power loaded from the relay i's battery using the model provided in [START_REF] Pedram | Design Considerations for Battery-Powered Electronics[END_REF].

P act i = V 0 . I max I min I 1 -βI f I (I)dI ( 29 
)
where f I (.) is the pdf of I as given in eq [START_REF] Zytoune | A relay selection scheme for lifetime extension in amplify-and-forward cooperative networks[END_REF].

Proposition 1. Dividing the transmission power over all relays nodes allows better use of relays' batteries.

Proof. Let P max be the maximum transmission power to achieve the desired S NR. Thus, the maximum current supplied by each battery can be as I 1 max = P max V 0 and I 2 max = P max MV 0 . Moreover, the minimum current can be given by I 1 min = I 2 min = 0A. Let P act 1i and P act 2i be the load power in the first and the second situation respectively. We can obtain:

P act 1i = V 2 0
Mγ th .

I 1max 0 I 1 -βI f z ( V 0 I γ th )dI (30) 
and:

P act 2i = V 2 0 Mγ th . I 1max 0 I 1 -β M I f z ( V 0 I γ th )dI (31) 
Since I

1-β

M I rises slower than I 1-βI in the interval [0, I 1max ], we can conclude that P act 2i < P act 1i .

Proposition 2. The power loaded from the batteries of relays becomes slightly constant when the number of relays increases to a certain threshold M th .

Proof. The battery load is expressed as follows:

P act 2i = V 2 0 Mγ th . I 1max 0 I 1 -β M I f z ( V 0 I γ th )dI (32) 
∃M th , ∀M > M th , the term I 1-β M I ≈ I. Then:

P act 2i = V 2 0 Mγ th . I 1max 0 I f z ( V 0 I γ th )dI (33) 
Then the ratio:

P act 1i P act 2i
becomes independent of M.

Relay Power Assignment

Next, we propose an algorithm that assigns the transmission power of each relay. We consider that to achieve a target SNR γ th in the receiver side, we have to collect a certain power from the relays that satisfies M i γ i > γ th , where γ i is the part of the target S NR realized by the i th relay. In fact, in [START_REF] Namin | Pragmatic Lifetime maximization of cooperative Sensor Networks via a decomposition approach[END_REF], the authors proposed that all relays can contribute together to perform the required S NR by decomposition of the critical S NR among all relays. Dynamic Programming and Reinforcement learning are the most relevant techniques that deal with stochastic optimizations ( [START_REF] Mansour | On the complexity of policy iteration[END_REF], [START_REF] Liu | Policy Iteration Adaptive Dynamic Programming Algorithm for Discrete-Time Nonlinear Systems[END_REF] and [START_REF] Wiering | Ensemble Algorithms in Reinforcement Learning[END_REF]). However, the complexity of dynamic programming is exponentially related to the quantization of channel state and batteries levels of the relays. The technique that we propose in this paper aims to reduce the power lost due to the battery discharge rate effect. The key benefit of this method is its reduced computation complexity by allowing each relay to operate independently of others. Only the statistics of the channel conditions are required and no instantaneous values are needed. As a result, the transmission overhead is reduced. Indeed, from the equation [START_REF] Liu | Policy Iteration Adaptive Dynamic Programming Algorithm for Discrete-Time Nonlinear Systems[END_REF] it seems that the current load shape that reduces the power loss must have the form f z (i) = δ(i -I 0 ), i.e., a constant current load. Then, it is better to avoid the fast change of the transmission power, and then the current load, from each relay. The challenge now is to determine the transmission power needed for each relay nodes in order to meet the required S NR. Let T be the period of channel measurement conditions. So, the network lifetime can be denoted as NT . Next, we try to optimize the network lifetime by choosing the optimum transmission power. For simplicity, we assume T = 1s. We can then formulate the optimization problem as:

maximize N s.t. E[ M i=1 P s | h si j | 2 p i j | h id j | 2 1 + P s | h si j | 2 +p i j | h id j | 2 ] ≥ γ th p i j ≥ 0 ∀i, j (34) 
where p i j is the transmission power of the i th relay at the period j. The subscript j is related to the transmission period j. Then, we can approximate the S NR constraint by using the weak law of large numbers [START_REF] Stark | Probabilty and Random Processes with Applications to Signal Processing[END_REF] twice.

N j=1 M i=1 P s | h si j | 2 p i j | h id j | 2 1 + P s | h si j | 2 +p i j | h id | 2 > N.γ th ( 35 
)
Let γ i be the average S NR for the relay i over all transmissions that it perform. We note that:

γ i E P s | h si | 2 p i | h id | 2 1 + P s | h si | 2 +p i | h id | 2 (36)
Thus, M i=1 γ i ≥ γ th and the previous optimization problem can be rewritten as:

minimize N j=1 p i j s.t. E       P s | h si j | 2 p i j | h id j | 2 1 + P s | h si j | 2 +p i j | h id j | 2       ≥ γ i p i j ≥ 0 ∀i (37)
Applying the weak law of large numbers, the optimization problem can be transformed into:

minimize N j=1 p i j s.t. N j=1 P s | h si j | 2 p i j | h id j | 2 1 + P s | h si j | 2 +p i j | h id j | 2 ≥ Nγ i p i j ≥ 0 ∀i (38)
Since it is a convex optimization problem, we use Lagrangian to resolve it:

L(p, λ, ν) = N j p i j -Σ N j λ j p i j ( 39 
)
+ν i ( i Nγ i -N j=1 P s |h si j | 2 p i j |h id j | 2 1+P s |h si j | 2 +p i j |h id j | 2 )
The KKT conditions [START_REF] Boyd | Convex Optimization[END_REF] related to this system are:

∇ p i j L(p * , λ * , ν * ) = 0 (40) λ * j p * i j = 0 ∀ j λ * j ≥ 0 ∀ j ν * i ≥ 0
Calculating ∇ p i j L(p * , λ * , ν * ) can lead to:

∇ p i j L(p, λ, ν) = 1 -λ j (41) -ν i (1 + P s | h si j | 2 )P s | h id j | 2 | h si j | 2 1 + P s | h si j | 2 +p i j | h id j | 2 2
Using KKT, in the case ν i = 0 leads to λ j = 1, and then using p i j = 0 from the equation ∇ p i j L(p, λ, ν) = 0. This solution is not realistic because it implies that no transmission is done. So, we only consider the case ν j > 0. The optimal solution of KKT conditions is as follows:

λ j = 1 -ν i (1 + P s | h si j | 2 )P s | h id j | 2 | h si j | 2 1 + P s | h si j | 2 +p i j | h id j | 2 2
(42)

Since λ j ≥ 0, eq(42) implies:

ν i ≤ 1 + P s | h si j | 2 +p i j | h id j | 2 2
(1

+ P s | h si j | 2 )P s | h id j | 2 | h si j | 2 (43)
We can derive then this set of equations:

                   p i j > 0 ⇒ λ j = 0 i f ν i > 1 + P s | h si j | 2 P s | h id j | 2 | h si j | 2 λ j > 0 ⇒ p i j = 0 i f ν i < 1 + P s | h si j | 2 P s | h id j | 2 | h si j | 2 (44) 
This allows us to determine a water-filling solution as follows:

Let A = 1+P s |h si j | 2 P s |h id j | 2 |h si j | 2 .
Using eq(42), we find that p i j is equal to (eq(45)):

p i j =                √ ν i P s (1+P s |h si j | 2 )|h id j ||h si j |-(1+P s |h si j | 2 )
|h id j | 2 , i f ν i > A 0, otherwise (45) 
It is worth noting that S i j is the destination S NR due to the reception from the relay i at the j th transmission period.

From eq(4), by replacing p i j , we obtain (eq(46)):

S i j =                P s | h si j | 2 1 - √ (1+P s |h si j | 2 ) √ ν i P s |h si j ||h id j | , i f ν i > A 0, otherwise (46) 
If we consider the pdf of | h | as f H (.), the expectation of S i j can be expressed from eq (46) as:

E[S i ] = S P s x 2        1 - (1 + P s x 2 ) √ ν i P s xy        f H (x) f H (y)dxdy (47) 
where, the area S is delimited by the condition: ν i > A as defined previously which can lead to y > 1+P s x 2 ν i P s x 2 . Then, E[S i ] can be calculated as:

E[S i ] = P s ∞ 0 ∞ y 0 (x)        1 - (1 + P s x 2 ) √ ν i P s xy        x 2 f H (x) f H (y)dxdy, (48) 
where y 0 (x) = 1+P s x 2 ν i P s x 2 . Replacing f H (.), we obtain:

E[S i ] = P s σ 4 ∞ 0 ∞ y 0 (x)        1 - 1 + P s x 2 √ ν i P s xy        x 3 ye -x 2 2σ 2 e -y 2 2σ 2 dxdy, (49) 
that we can rewrite as:

E[S i ] = P s σ 2 e -1 2ν i σ 2 ∞ 0 x 3 e -1 2σ 2 (x 2 + 1 ν i Ps x 2 ) dx (50) 
- 1 σ 3 πP s 2ν i ∞ 0 x 2 1 + P s x 2          1 -er f ( 1 xσ 1 + P s x 2 2ν i P s )          e -x 2 2σ 2 dx 13 
Noting that from eq(36), we have γ i = E[S i ]. Thus, knowing γ i , we have to solve the eq(50) to find ν i . However, it is difficult to solve this equation analytically. So, we proceed numerically to find ν i . Since we obtained ν i , we can calculate p i j from the Eq(45).

Let E i be the initial energy of the node i. We have N j=1 p i j = E i . Using the weak law of large numbers, we can

obtain N j=1 p i j = NE[p i ]. Then, N = E i E[p i ] (51) 
So, it is important to determine the E[p i ]. Using the Eq(45), we can express this expectation as:

E[P i ] = ∞ 0 ∞ y 0 (x)
xy ν i P s (1

+ P s x 2 ) -(1 + P s x 2 ) y 2 . f H (x) f H (y)dxdy (52) 
This can be rewritten as:

E[P i ] = 1 σ 3 π 2 ∞ 0 x 2 ν i P s (1 + P s x 2 )          1 -er f ( 1 xσ 1 + P s x 2 2ν i P s )          e -x 2 2σ 2 dx - 1 2σ 4 ∞ 0 x(1 + P s x 2 )Γ(0, 1 + P s x 2 2σ 2 ν i P s x 2 )e -x 2 2σ 2 dx (53) 
where Γ(., .) is the upper incomplete gamma function. There is no analytical solution to the above equation. Thus, a numerical solution is used.

Algorithm (1) computes, for each relay i, the required power in each transmission round j denoted as P i j . 

Numerical Results

In this Section, we give numerical assessments of our work. Related to the battery power loss due to the nonlinearity we use equation ( 8) (in fact, the two eq [START_REF] Bennis | Carrier sense aware multipath geographic routing protocol[END_REF] and ( 9) are equivalent). We assume that all the batteries of the relays are identical. So, they have the same non-linearity characteristics. The battery parameters used here are as in [START_REF] Pedram | Design Considerations for Battery-Powered Electronics[END_REF]). The rest of simulation parameters used are given in Table 1.

We start by evaluating the battery power load for the scenarios defined in Section IV. We consider that the source transmission power is P s = 20W and the rate parameter for the channels fading λ = 0.5.

To compare the two previous transmission modes, we calculate the ratio: ρ = P act 1i P act 2i Fig. 2 shows ρ for different numbers of relays. As the figure shows, we can conclude that dividing transmission energy over all relays simultaneously can yield better battery usage. We notice that when the the number of relays becomes greater than 6, the ratio ρ can be considered as constant which matches with the proposition 2. This means that when we divide transmission power over multiple relays we minimize the wasted energy on the relays. Now, we consider the power assignation. We set the source transmission power to 2W. We begin by evaluating the values of ν i for different values of M. Fig. 3 depicts the results. As expected, the value of ν i decreases when M increases. This is because when the number of relays increases, the required S NR at the destination is divided over the relay nodes. From Eq(47), it is important to note that to decrease E(S i ), the parameter ν i has to decrease, then the term (1 -√ (1+P s x 2 ) √ ν i P s xy) increases and the integration boundary S also increases. To compute the battery power load, we have to evaluate the pd f of the transmission power and then obtain the active power loaded from the relay battery. In this issue, we consider that the source transmit power is 2W and β = 0.12. Fig. 4 shows the real power provided by the relay battery when the number of relays varies from 2 to 16 and for different values of γ th . As Fig. 4 shows that if the number of relays is selected in each transmission period is low, the energy consumption increases. This is due to the transmission power that can be distributed over all relays when M > 1. Then the required power from each relay is reduced leading to a reduction of the energy wasted in the battery. Thus, the network lifetime can be improved. This reduction is also due to the fact that when selecting one relay each transmission period, the current load profile shifts toward the uniform distribution. As stated in [START_REF] Pedram | Design Considerations for Battery-Powered Electronics[END_REF], the battery lifetime is optimal if the current load has a Dirac delta function form and the worst case is observed for a uniform distribution of the current load. We can observe that the provided battery power becomes slightly constant when the number of relays increases.

As the Fig. shows, the effective power of the battery of each relay can be reduced drastically when the number of relays grows. However, the power reduction becomes constant when the number of relays is greater than 6. Fig. 2 confirms this issue. Fig. 4 shows the network lifetime for different number of relays. We observe that the network lifetime increases when the number of network relays increases. It is important to note that the network lifetime extension is due to two factors: adding additional power by the additional relays and the best use of the batteries' energies. For example, we can observe that if the number of relays is 2 times higher, the network lifetime more than doubles. Also, the network lifetime is better when γ th is low. This is due to the fact that with higher γ th we spend more energy to meet the required SNR. Then, the battery load becomes more important which reduces the network lifetime compared to the case where γ th is low. Fig. 6 shows the battery power load for different loss rate factors β when the number of relays varies between 1 and 10. The battery load increases when the parameter β is high and the number of relays number is small. This is because, i) when the number of relays is low, the energy consumption is important as discussed above, and ii) the fact that large values of β mean that the battery loss is important. However, we can conclude that when the number of relays increases the effect of the parameter β becomes less significant. 

Conclusion

In this paper we have presented a study of the relay selection process in cooperative communication systems. We have considered the energy lost due the battery capacity rate. From the battery power loss perspective, we have proved that it is better to distribute the required destination S NR simultaneously over all relays nodes. We have proposed an optimization method that decomposes the needed power over all relays. This method has low computation complexity compared to dynamic programming or reinforcement learning methods. Through numerical studies we have proved the efficacy of our method. The results of this work have proved that the destination S NR distribution approach based on battery non-linearity extends the network lifetime when the number of coordinating nodes increases. Indeed, the battery loss becomes relatively negligible when the number of cooperating nodes grows. As part of our future work, we plan to study this selection process over an actual network such a wireless sensor network testbed.

Figure 1 :

 1 Figure 1: Cooperative network.

Figure 2 :

 2 Figure 2: The ρ versus Relays number

Figure 3 :

 3 Figure 3: Parameter ν i vs number of relays.

Figure 4 :

 4 Figure 4: Battery energy consumption for different values of γ th when M varies between 2 and 16

Figure 5 :

 5 Figure 5: Network lifetime for different values of γ th and when M varies from 2 and 16
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Table 1 :

 1 Simulation Parameters

	Algorithm 1: Optimal P i j calculation
	Data: M; γ th ;h si ; h id
	Result: P i j
	initialization:
	N ← N 0 ;
	use Eq(51) and Eq(53) to find ν i ;
	use Eq(50) to find E[S i ] ;
	while | M i=1 E[S i ] -γ th |> do N ← N/ γ th M i=1 E[S i ] ; use Eq(51) and Eq(53) to find ν i ;
	use Eq(50) to find E[S i ] ;
	γ i ← E[S i ];
	foreach Relay i do
	use Eq(45) to find P i j
	return (P i j );
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