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In this paper, we introduce a theoretical framework for analyzing the performance of multi-reconfigurable intelligence surface (RIS) empowered terahertz (THz) wireless systems subject to turbulence and stochastic beam misalignment. In more detail, we extract a closed-form expression for the outage probability that quantifies the joint impact of turbulence and misalignment as well as the effect of transceivers' hardware imperfections. Our results highlight the importance of accurately modeling both turbulence and misalignment when assessing the performance of multi-RIS-empowered THz wireless systems.

I. INTRODUCTION

The sixth-generation wireless era (6G) is envisioned to bring the fiber quality-of-experience into the wireless world, by supporting aggregated data-rates that may exceed 1 Tb/s with outage probability in the order of 10 -6 [1]- [START_REF] Boulogeorgos | Directional terahertz communication systems for 6G: Fact check[END_REF]. To achieve this challenging goal, both the research and industrial societies turned their attention into the yet-unregulated terahertz (THz) band [START_REF] Zhang | 6G wireless networks: Vision, requirements, architecture, and key technologies[END_REF]- [START_REF] Boulogeorgos | Users association in ultra dense THz networks[END_REF]. On the one hand, THz links can provide the required bandwidth, however, they come with an inherent disadvantage; they are sensitive to blockage [START_REF] Zhang | Breaking the blockage for big data transmission: Gigabit road communication in autonomous vehicles[END_REF]- [START_REF] Stratidakis | Relay-based blockage and antenna misalignment mitigation in THz wireless communications[END_REF]. To counterbalance blockage, the idea of creating alternative paths between the source (S) and final destination (D) through reconfigurable intelligent surfaces (RISs) has been considered [START_REF] Di Renzo | Smart radio environments empowered by reconfigurable intelligent surfaces: How it works, state of research, and the road ahead[END_REF]- [START_REF] Boulogeorgos | Outage performance analysis of ris-assisted uav wireless systems under disorientation and misalignment[END_REF].

Inspired by this, a great amount of effort has been put on designing RIS that operate in the THz band [START_REF] Cai | Multifunctional hybrid metasurfaces for dynamic tuning of terahertz waves[END_REF]- [START_REF] Ojaroudi | Graphene-based reconfigurable intelligent meta-surface structure for THz communications[END_REF] as well as theoretically characterizing the corresponding system performance [START_REF] Tekbıyık | Reconfigurable intelligent surfaces empowered THz communication in LEO satellite networks[END_REF]- [START_REF] Boulogeorgos | Coverage analysis of reconfigurable intelligent surface assisted THz wireless systems[END_REF]. In particular, in [START_REF] Cai | Multifunctional hybrid metasurfaces for dynamic tuning of terahertz waves[END_REF], a vanadium dioxide (VO 2 )-based multi-functional RIS was presented, while, in [START_REF] Venkatesh | A high-speed programmable and scalable terahertz holographic metasurface based on tiled CMOS chips[END_REF], a large-scale RIS that employs arrays of complementary metal-oxide-semiconductor (CMOS)-based chip tiles operating at 0.3 THz was reported. In [START_REF] Amin | A THz graphene metasurface for polarization selective virus sensing[END_REF], a graphene plasmonic metasurface was documented. On [START_REF] Tal | Nonlinear plasmonic metasurface terahertz emitters for compact terahertz spectroscopy systems[END_REF], a broadband plasmonic metasurface emitter, operating at the THz band, was presented. The design of a graphene-based RIS structure with beam steering and focusing capabilities at 4. [START_REF] Prudnikov | Integral and Series[END_REF] THz was discussed in [START_REF] Ojaroudi | Graphene-based reconfigurable intelligent meta-surface structure for THz communications[END_REF]. From the performance analysis points of view, the error performance of RIS-empowered THz wireless satellite systems in the presence of antenna misalignment was studied in [START_REF] Tekbıyık | Reconfigurable intelligent surfaces empowered THz communication in LEO satellite networks[END_REF]. In [START_REF] Du | Reconfigurable intelligent surface aided terahertz communications under misalignment and hardware impairments[END_REF], the authors assessed the joint impact of hardware imperfections and antenna misalignment on RIS-empowered indoor THz wireless systems. The coverage performance of RIS-empowered THz wireless systems was quantified in [START_REF] Boulogeorgos | Coverage analysis of reconfigurable intelligent surface assisted THz wireless systems[END_REF].

Recently, the idea of using multi-RISs to ensure uninterrupted connectivity between the transmitter and the receiver was reported in [START_REF] Liaskos | Using any surface to realize a new paradigm for wireless communications[END_REF]. Despite the features and additional degrees of freedom that this idea can enable, to the best of the authors knowledge, a theoretical framework for analyzing the achievable performance of multi-RIS THz wireless systems has not been formulated yet. Motivated by this, we present an analytical framework, which covers the aforementioned gap by extracting closed-form expressions for the outage probability (OP) of such systems in the presence of turbulence and beam misalignment. This framework also accounts the impact of transceiver's hardware imperfections.

Notations:

The product of x 1 x 2 • • • x L is L l=1
x l . Pr (A) stands for the probability for the event A to be valid. The modified Bessel function of the second kind of order n is represented as K n (•) [23, eq. (8.407/1)]. The Gamma [23, eq. (8.310)] function is denoted by Γ (•), and the errorfunction is represented by erf (•) [23, eq. (8.250

/1)]. Fi- nally, G m,n p,q x a 1 , a 2 , • • • , a p b 1 , b 2 , • • • , b q returns the Meijer G- function [23, eq. (9.301)].

II. SYSTEM MODEL

As illustrated in Fig. 1, we consider a multi-RIS-empowered outdoor THz wireless systems that consists of a single S and D as well as N RISs. Both S and D are equipped with highdirectional antennas. We assume that the direct link between the S and D is blocked. Each RIS acts as a reflector that steers the incident beam towards the desired direction. The baseband equivalent received signal at D can be expressed as [START_REF] Boulogeorgos | Interference mitigation techniques in modern wireless communication systems[END_REF] 

r = A (x + η s ) + η d + n. (1 
σ 2 s = κ 2 s P s and σ 2 d = κ 2 r A 2 P s , (2) 
where κ t and κ r denote the error vector magnitude of the S's transmitter and the D's receiver, while P s represents the transmission power. Likewise, in (1),

A = L i=1 h p,i h t,i g i N i=L+1 h t,i g i . (3) 
stands for the end-to-end (e2e) channel coefficient, while h p,i and h t,i are the misalignment fading and the Gamma-Gamma (GG) distributed turbulence coefficients that can be described from the following probability density functions (PDFs):

f hp,i (x) = ξ i A ξi o,i x ξi-1 , with 0 ≤ x ≤ A o,i , (4) 
and

f ht,i (x) = 2 Γ (α i ) Γ (β i ) α i β i Ω i α i +β i 2 x α i +β i 2 -1 ×K αi-βi α i -β i , 2 α i β i x Ω i , (5) 
respectively. In (4),

A o,i = [erf (υ i )] 2 (6) 
represents the fraction of the power captured by the i-th RIS or the D in the ideal case of zero radial displacement. Moreover,

υ i = √ πb i √ 2w di . ( 7 
)
with b i and w di representing the radius of the circular aperture at the i-th RIS, with i ∈ [1, N -1], or D's side, for i = N , respectively and the beam waste on the corresponding plane.

Additionally, ξ i is the equivalent beam radius, w eq,i , to the pointing error displacement standard deviation square ratio and can be evaluated as

ξ i = w 2 eq,i 4σ 2 s,i (8) 
with σ 2 s,i denoting the pointing error displacement (jitter) variance.

The α i and β i parameters of ( 5) can be computed according to [START_REF] Taherkhani | On the performance of THz wireless LOS links through random turbulence channels[END_REF] as

α i =   exp    0.49σ 2 Ri 1 + 0.65D 2 i + 1.11σ 12/5 Ri 7/6    -1    -1 (9) 
β i =   exp    0.51σ 2 Ri 1 + 0.69σ 12/5 Ri -5/6 1 + 0.9D 2 i + 0.62D 2 i σ 12/5 Ri    -1    -1 (10) 
while

σ 2 Ri = 1.23C 2 n 2π λ 7/6 d 11/6 i , (11) 
with λ being the wavelength C 2 n the reflection index structure parameter, which, according to ITU-T can be evaluated as in [START_REF] Hill | Turbulence-induced millimeter-wave scintillation compared with micrometeorological measurements[END_REF]. Additionally,

D i = πb 2 i 2λd i . (12) 
Finally, g i represents the deterministic path-gain coefficient of the i-th link and can be written as

g i = g f,i (f, d i ) τ (f, d i ) , (13) 
where

g f,i (f, d i ) =    c 4πf di √ G s , for i = 1 c 4πf di R i-1 , for i ∈ [2, N -1] c 4πf di √ G d , for i = N , (14) 
is the free space path loss coefficient, and

τ (f, d i ) = exp - 1 2 κ(f ) d i . ( 15 
)
stands for the molecular absorption gain coefficient. In [START_REF] Cai | Multifunctional hybrid metasurfaces for dynamic tuning of terahertz waves[END_REF], f and c are the transmission frequency and the speed of light, respectively; G s , R i and G d represent the S transmission antenna gain, the i-th RIS reflection coefficient, and the D reception antenna gain, respectively. Likewise, κ(f ) is the molecular absorption coefficient, which depends on the atmospheric temperature, pressure, as well as relative humidity and can be evaluated as in [33, eq. ( 8)].

III. OUTAGE PROBABILITY

From (1), the signal-to-distortion-plus-noise-ratio (SDNR) can be obtained as

γ = A 2 P s A 2 t (κ 2 t + κ 2 r ) P s + N o , (16) 
where N o is the noise variance.

The following proposition returns the outage probability of the multi-RIS-empowered THz wireless system. Proposition 1. The outage probability of the multi-RISempowered THz wireless system can be evaluated as in [START_REF] Ojaroudi | Graphene-based reconfigurable intelligent meta-surface structure for THz communications[END_REF], given at the top of the next page. In [START_REF] Ojaroudi | Graphene-based reconfigurable intelligent meta-surface structure for THz communications[END_REF], γ s is the transmission SNR multiplied by the deterministic path-gain, i.e.,

γ s = P s N i=1 g i N o . ( 18 
)
Proof: For brevity, the proof of the proposition is given in the Appendix.

Note that from [START_REF] Ojaroudi | Graphene-based reconfigurable intelligent meta-surface structure for THz communications[END_REF], it becomes evident that hardware imperfections set a limit to the maximum allowed spectral efficiency of the transmission scheme. In more detail, since the spectral efficiency, p, is connected with the SNR threshold through

p = log 2 (1 + γ th ) , (19) 
choosing a p greater than log 2 1 + 1

κ 2 t +κ 2 r
would lead to an OP equal to 1.

IV. RESULTS & DISCUSSION

This section verifies the presented theoretical framework by means of Monte Carlo simulations. In what follows, lines are used to denote analytical results, while markers are employed for simulations. Unless otherwise stated, the following insightful scenario is considered. The relative humidity, temperature, and pressure respectively are set to 50%, 273 o K, and 101325 Pa. Also, G s = G t = 50 dBi, R i = 1 for i ∈ [1, N -1] and f = 300 GHz. The transmission power, bandwidth, B, and spectral efficiency of the transmission scheme are respectively set to 0 dBW, 50 GHz and 2 bit/s/Hz. Moreover, d 1 = d 2 = 100 m. At the destination side, we assumed that the low noise amplifier's gain and noise figure (NF) are 35 dB, and 1 dB, respectively. The mixer and miscellaneous losses are respectively 5 and 3 dB. The mixer's NF is 6 dB. The thermal noise power is evaluated as

N 1 = k B T B,
where k B is the Boltzman's constant.

Figure 2 quantifies the impact of turbulence on the outage performance of multi-RIS-empowered THz wireless systems in the absence of misalignment and hardware imperfections, assuming N = 2. In more detail, the OP is illustrated as a function of d 1 and d 2 . In this figure, for the sake of convenience, the corresponding values of σ R1 and σ R2 are respectively provided in the top horizontal and right vertical axes. As expected, for a fixed d 1 , as d 2 increases, σ R2 increases; thus, an outage performance degradation is observed. Similarly, for a given d 2 , as d 1 increases, σ R1 also increases, i.e., turbulence intensity increases; in turn, the OP increases. Finally, from this figure, we observe that for a given e2e transmission distance, d 1 +d 2 , the worst outage performance is observed for d 1 = d 2 . For example, for d 1 + d 2 = 300 m, the OP for the case in which d 1 = 100 m and d 2 = 200 m is equal to 2.6 × 10 -2 , while, for

d 1 = d 2 = 150 m, it is 2.7 × 10 -2 .
Figure 3 illustrates the OP as a function of σ s , for different values of N = L and γ s /γ th in the presence of turbulence, assuming that κ t = κ r = 0, and the transmission distances for all the links are set to 100 m. In this scenario, we assume that σ s,1 = σ s,2 = • • • = σ s,L = σ s . As a benchmark, the OP in the absence of misalignment fading is also plotted. As expected, for given N = L and γ s /γ th , the outage performance degrades, as the intensity of misalignment fading, i.e., σ s , becomes more severe. Likewise, for fixed N = L and σ s , as γ s /γ th , the OP decreases. On the other hand, for given σ s and γ s /γ th , as N = L increases, the OP also increases. For instance, for σ s = 4 cm and γ s /γ th = 25 dB, the OP increases by approximately 10 times, as N = L changes from 2 to 3. Finally, from this figure, the detrimental impact of misalignment fading becomes apparent by comparing; thus, the importance of accurately characterizing the channels of the RIS-empowered THz wireless systems is highlighted.

Figure 4 presents the impact of hardware imperfections in multi-RIS-empowered THz wireless systems, assuming N = 2, and L = 0. Note that the case in which κ t = κ r = 0 corresponds to the case in which both the S and D are equipped with ideal RF front-ends. From this figure, it becomes apparent that, for a given κ t , as κ r increases, the OP also increases. Similarly, for a fixed κ t , an outage performance degradation occurs, when κ r increases. Additionally, for a constant κ t +κ r , we observe that the OP is maximized for κ t = κ r . Finally, it is verified that systems with the same κ 2 t + κ 2 r achieve the same OP.

V. CONCLUSIONS

In this paper, we presented a theoretical framework for the characterization of the outage performance of multi-RIS-empowered THz wireless systems in the presence of turbulence and misalignment that accounts the impact of transceivers hardware imperfections. In this direction, a novel closed-form expressions for the system's OP was extracted. Our results revealed that as the number of RIS and thus the distance between S and D increases, the turbulence and misalignment fading intensity becomes more severe; as a result, the outage performance degrades. Likewise, the importance of considering the impact of unavoidable transceivers' hardware imperfections was emphasized.

APPENDIX PROOF OF PROPOSITION 1

The OP is defined as where γ th represents the SNR threshold. By applying [START_REF] Amin | A THz graphene metasurface for polarization selective virus sensing[END_REF] in [START_REF] Boulogeorgos | Coverage analysis of reconfigurable intelligent surface assisted THz wireless systems[END_REF], we get

P o = Pr (γ ≤ γ th ) , (20) 
P o =              L i=1 ξi N i=1 Γ(αi)Γ(βi) ×G 2N +L,1 L+1,2N +L+1 1 N i=1 Ω i α i β i L i=1 Ao,i 1 N i=1 gi 1 √ 1-γ th (κ 2 t +κ 2 r ) γ th γs 1, ξ 1 + 1, • • • , ξ L + 1 α 1 , • • • , α N , β 1 , • • • , β N , ξ 1 , • • • , ξ L , 0 , for γ th ≤ 1 κ 2 t +κ 2 r 1, for γ th > 1 κ 2 t +κ 2 r (17) 
P o = Pr A 2 ≤ 1 1-γ th (κ 2 t +κ 2 r ) γ th γs , for γ th ≤ 1 κ 2 t +κ 2 r 1, for γ th > 1 κ 2 t +κ 2 r , (21) 
Fig. 4: OP vs κ t and κ r .

or equivalent

P o =    F A 1 √ 1-γ th (κ 2 t +κ 2 r ) γ th γs , for γ th ≤ 1 κ 2 t +κ 2 r 1, for γ th > 1 κ 2 t +κ 2 r , (22) 
where F A (•) stands for the cumulative density function (CDF) of A.

Next, we evaluate the CDF of A. In this direction, let us rewrite (3) as

A = C Y 1 Y 2 , (23) 
where

C = N i=1 g i , (24) 
which is a constant, while

Y 1 = L i=1 h p,i h t,i (25) 
and

Y 2 = N i=L+1 h t,i . (26) 
In order to derive, a closed-form expression for the CDF of A t , we first need to evaluate the probability density functions (PDFs) of Y 1 and Y 2 .

For the PDF of Y 1 , we start the evaluation by assuming that L = 1. In this case the PDF of Y 1 can be obtained as

f Y1 (x; L = 1) = ˆ∞ x A o,1 1 y f ht (y) f hp x y dx, (27) 
which, by applying ( 5) and ( 4), can be rewritten as

f Y1 (x; L = 1) = 2 α 1 β 1 Ω 1 α 1 +β 1 2 1 Γ (α 1 ) Γ (β 1 ) ξ A ξ1 o,1 x ξ1-1 × ˆ∞ x A y α 1 +β 1 2 -1-ξ1 K α1-β1 2 α 1 β 1 y Ω 1 dy. ( 28 
)
By employing [34, ch. 2.6], ( 28) can be written as in [START_REF] Boulogeorgos | Analytical performance evaluation of beamforming under transceivers hardware imperfections[END_REF], given at the top of the next page. Additionally, by applying [35, eq. (2.24.5/3)], ( 29) can be analytically expressed as

f Y1 (x; L = 1) = α 1 β 1 Ω 1 A o,1 α 1 +β 1 2 ξ 1 Γ (α 1 ) Γ (β 1 )
x

α 1 +β 1 2 -1 × G 3,0 1,3 α 1 β 1 x A o Ω 1 -α1+β1 2 + ξ 1 + 1 α1-β1 2 , -α1-β1 2 , -α1+β1 2 + ξ 1 , (30) 
which, with the aid of [START_REF] Inc | The Wolfram functions site[END_REF], can be rewritten as

f Y1 (x; L = 1) = ξ 1 x -1 Γ (α 1 ) Γ (β 1 ) G 3,0 1,3 α 1 β 1 x A o,1 Ω 1 ξ 1 + 1 α 1 , β 1 , ξ 1 . (31) 
For L = 2, the PDF of Y 1 can be obtained as

f Y1 (x; L = 2) = ˆ∞ 0 1 y f Y1 (y; L = 1) f Y1 x y ; L = 1 dy, (32) 
which, by applying [START_REF] Taherkhani | On the performance of THz wireless LOS links through random turbulence channels[END_REF], can be rewritten as in [START_REF] Boulogeorgos | Analytical performance assessment of THz wireless systems[END_REF], given at the top of the next page. By employing [23, eq. (9.31/1)], we can write [START_REF] Boulogeorgos | Analytical performance assessment of THz wireless systems[END_REF] as in [START_REF] Mathai | Particular cases of Meijer's Gfunction[END_REF], given at the top of the next page. Finally, by applying [35, eq. (2.24.5/3)] in [START_REF] Mathai | Particular cases of Meijer's Gfunction[END_REF], we get

f Y1 (x; L = 2) = 2 i=1 ξ i 2 i=1 Γ (α i ) Γ (β i ) x -1 × G 6,0 2,6 2 
i=1 α i β i A o,1 2 i=1 Ω i y ξ 1 + 1, ξ 2 + 1 α 1 , β 1 , ξ 1 , α 2 , β 2 , ξ 2 . (35) 
By recurrently conducting this procedure, for L = 3, 4, • • • , we prove that f Y1 (x) can be obtained as in [START_REF] Inc | The Wolfram functions site[END_REF] 

Z = Y 1 Y 2 can be evaluated as f Z (x) = ˆ∞ 0 1 y f Y1 (y) f Y2 x y dy, (38) 
which by substituting ( 36) and (37), can be written as in (39), given at the top of the next page. By employing [START_REF] Inc | The Wolfram functions site[END_REF], (39) can be rewritten in a closed-form as in (40), given at the top of the next page. Finally, by employing [35, eq. (2.24.5/3)],

we get (41), given at the top of the next page. The CDF of Z can be evaluated as

F Z (x) = ˆx 0 f Z (y) dy, (42) 
which, by applying [35, eq. (2.24.5/3)], returns (43), given at the top of the next page. From (43), we can straightforwardly express the CDF of A t as

F At (x) = F Z x N i=1 g i , (44) 
which leads to (45), given at the top of the next page. Finally, by applying (3) in ( 21), we get [START_REF] Ojaroudi | Graphene-based reconfigurable intelligent meta-surface structure for THz communications[END_REF]. This concludes the proof.

f Y1 (x; L = 1) = α 1 β 1 Ω 1 α 1 +β 1 2 1 Γ (α 1 ) Γ (β 1 ) ξ A ξ1 o,1 x ξ1-1 ˆ∞ x A o,1 1 y - α 1 +β 1 2 +ξ1+1 G 2,0 0,2 α 1 β 1 y Ω 1 α 1 -β 1 2 , - α 1 -β 1 2 dy (29) f Y1 (x; L = 2) = 2 i=1 ξ i 2 i=1 Γ (α i ) Γ (β i ) x -1 ˆ∞ 0 y -1 G 3,0 1,3 α 1 β 1 y A o,1 Ω 1 ξ 1 + 1 α 1 , β 1 , ξ 1 G 3,0 1,3 α 2 β 2 x A o,2 Ω 2 y ξ 2 + 1 α 2 , β 2 , ξ 2 dy (33) f Y1 (x; L = 2) = 2 i=1 ξ i 2 i=1 Γ (α i ) Γ (β i ) x -1 ˆ∞ 0 y -1 G 3,0 1,3 α 1 β 1 y A o,1 Ω 1 ξ 1 + 1 α 1 , β 1 , ξ 1 G 0,3 3,1 A o,2 Ω 2 y α 2 β 2 x 1 -α 2 , 1 -β 2 , 1 -ξ 2 1 -ξ 2 dy (34) f Y1 (x) = L i=1 ξ i L i=1 Γ (α i ) Γ (β i ) x -1 G 3L,0 L,3L L i=1 α i β i L i=1 Ω i A o,i x ξ 1 + 1, ξ 2 + 1, • • • , ξ L + 1 α 1 , • • • , α L , β 1 , • • • , α L , ξ 1 , ξ 2 , • • • , ξ L . ( 36 
)
f Y2 (x) = G 2(N -L),0 0,2(N -L) x N i=L+1 αiβi Ωi α L+1 , β L+1 , α L+2 , β L+2 • • • , α N , β N x N i=L+1 Γ (α i ) Γ (β i ) , ( 37 
)
f Z (x) = L i=1 ξ i N i=1 Γ (α i ) Γ (β i ) x -1 ˆ∞ 0 y -1 G 3L,0 L,3L L i=1 α i β i L i=1 Ω i A o,i y ξ 1 + 1, ξ 2 + 1, • • • , ξ L + 1 α 1 , • • • , α L , β 1 , • • • , α L , ξ 1 , ξ 2 , • • • , ξ L × G 2(N -L),0 0,2(N -L) x y N i=L+1 α i β i Ω i α L+1 , β L+1 , α L+2 , β L+2 • • • , α N , β N dy (39) f Z (x) = ξ L N i=1 Γ (α i ) Γ (β i ) x -1 ˆ∞ 0 y -1 G 3L,0 L,3L L i=1 α i β i L i=1 Ω i A o,i y ξ 1 + 1, ξ 2 + 1, • • • , ξ L + 1 α 1 , • • • , α L , β 1 , • • • , α L , ξ 1 , ξ 2 , • • • , ξ L × G 0,2(N -L), 2(N -L),0 y x N i=L+1 Ω i α i β i 1 -α L+1 , 1 -β L+1 , 1 -α L+2 , 1 -β L+2 • • • , 1 -α N , 1 -β N dy (40) f Z (x) = L i=1 ξ i N i=1 Γ (α i ) Γ (β i ) x -1 G 2N +L,0 L,2N +L 1 N i=1 Ωi αiβi L i=1 A o,i x 1 + ξ 1 , 1 + ξ 2 , • • • , 1 + ξ L α 1 , • • • , α N , β 1 , • • • , β N , ξ 1 , • • • , ξ L (41) F Z (x) = L i=1 ξ i N i=1 Γ (α i ) Γ (β i ) G 2N +L,L L,1 1 N i=1 Ωi αiβi L i=1 A o,i x 1, ξ 1 + 1, • • • , ξ L + 1 α 1 , • • • , α N , β 1 , • • • , β N , ξ 1 , • • • , ξ L , 0 (43) 
F At (x) = L i=1 ξ i N i=1 Γ (α i ) Γ (β i ) G 2N +L,L L,1 1 N i=1 Ωi αiβi L i=1 A o,i x N i=1 g i 1, ξ 1 + 1, • • • , ξ L + 1 α 1 , • • • , α N , β 1 , • • • , β N , ξ 1 , • • • , ξ L , 0 (45) 

Fig. 2 :

 2 Fig. 2: OP vs d 1 and d 2 .

Fig. 3 :
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  , given at the top of the next page. Moreover, by following similar steps, and employing [34, ch. 2.6] as well as [35, eq. (2.24.5/3)], the PDF of Y 2 can be evaluated as in (37), given at the top of the next page.Note that Y 1 and Y 2 are independent RVs; thus, the PDF of