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                    Abstract
In this paper, we analyse the performance of partial relay selection (PRS) for non orthogonal multiple access (NOMA) dual hop relay assisted network, where a source (S) node transmits two signals to respective two destinations \((D_1,D_2)\) with help of relays. All the relays are powered by harvested energy from RF signal of source. The performance of network is analysed for both signals \(S_1\) and \(S_2\). The availability of channel state information (CSI) knowledge effects the outage probabilities of both the symbols. We derive closed form expressions of outage probability for both the symbols. Further, we use monte carlo simulation to evaluate ergodic capacity and throughput. The impact of power allocation between both the signals on outage probability is also depicted and a feasible region of power allocation factor between symbols is obtained where NOMA is fairly working.
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Appendices
Appendix 1: Proof of Proposition I in (21)
To calculate \(\mathcal {O}^I_{PRS}\), we need to derive pdf of U and cdf of V, W.
From (19), we can rewrite the CDF of \(|\widehat{h}_{SR_{i^{*}}}|^2\), assuming \(|\widehat{h}_{SR_{i^{*}}}|^2=U\),
$$\begin{aligned} {f_{{{\left| {{{\widehat{h}}_{{S}R_{i^{*}}}}} \right| }^2}}}\left( x \right) = \sum \limits _{n = 1}^{{N_r} } {\left( {_{ \;n}^{{N_r} }} \right) } \frac{{{{\left( { - 1} \right) }^{n-1}}n}}{{{\lambda _{{S}R}}\left[ {1 + (n+1)\left( {1 - {\rho ^2}} \right) } \right] }}{e^{ - \frac{{nx}}{{{\lambda _{{S}R}}\left[ {1 + (n-1)\left( {1 - {\rho ^2}} \right) } \right] }}}} \end{aligned}$$

                    (29)
                

From (2), we can rewrite the cdf of \(|h_{RD_1}|^2\), assuming \(|h_{RD_1}|^2=V\),
$$\begin{aligned} F_V(v)=1- {e^{ - \frac{v}{{{\lambda _{R{D_1}}}}}}} \end{aligned}$$

                    (30)
                

From (3), we can rewrite the cdf of \(|h_{RD_2}|^2=W\), assuming \(|h_{RD_2}|^2=W\),
$$\begin{aligned} F_W(w)=1- {e^{ - \frac{w}{{{\lambda _{R{D_2}}}}}}} \end{aligned}$$

                    (31)
                

From (20), \(\mathcal {O}^I_{PRS}\) is given by,
$$\begin{aligned} \begin{aligned} \mathcal {O}^I_{PRS}&={F_{\gamma _{e2e}^I}}\left( {{\gamma _{th}}} \right) =\mathcal {P}_r \{ min(\gamma ^I_{R_{i^*}}, \gamma ^I_{D_1}, \gamma ^I_{D_2} )< \gamma _{th}\}\\&= {P_r}\left\{ {\min \left( {\frac{ a_1 P_S |\widehat{h}_{SR_{i^{*}}}|^2}{a_2 P_S |\widehat{h}_{SR_{i^{*}}}|^2+N_0},\frac{a_1 P_{R_{i^*}} |h_{R_{i^*}D_1}|^2}{a_2P_{R_{i^*}}|h_{R_{i^*}D_1}|^2+N_0 },\frac{a_1 P_{R_{i^*}}|h_{R_{i^*}D_2}|^2}{a_2 P_{R_{i^*}}|h_{R_iD_2}|^2+N_0}} \right)< {\gamma _{th}}} \right\} \\&= {P_r}\left\{ {\min \left( {\frac{ a_1 P_S |\widehat{h}_{SR_{i^{*}}}|^2}{a_2 P_S |\widehat{h}_{SR_{i^{*}}}|^2+N_0},\frac{a_1 \alpha ^{'} P_S |\widehat{h}_{SR_{i^{*}}}|^2 |h_{R_{i^*}D_1}|^2}{a_2\alpha ^{'} P_S |\widehat{h}_{SR_{i^{*}}}|^2|h_{R_{i^*}D_1}|^2+N_0 },\frac{a_1 \alpha ^{'} P_S |\widehat{h}_{SR_{i^{*}}}|^2|h_{R_{i^*}D_2}|^2}{a_2 \alpha ^{'} P_S |\widehat{h}_{SR_{i^{*}}}|^2|h_{R_iD_2}|^2+N_0}} \right) < {\gamma _{th}}} \right\} \\&= 1 - {P_r}\left\{ {\min \left( {\frac{{{a_1}P_S U}}{{{a_2}P_S U + {N_0}}} \ge {\gamma _{th}},\frac{{{a_1}\alpha ^{'} P_S U V}}{{{a_2}\alpha ^{'} P_S U V + {N_0}}} \ge {\gamma _{th}},\frac{{{a_1}\alpha ^{'} P_S U W}}{{{a_2}\alpha ^{'} P_S U W + {N_0}}} \ge {\gamma _{th}}} \right) } \right\} \\&= 1 - \int \limits _{\frac{{{\gamma _{th}}{N_0}}}{{P_S({a_1} - {a_2}{\gamma _{th}})}}}^\infty {\left\{ {1 - {F_V}\left( {\frac{{{\gamma _{th}}{N_0}}}{{\alpha ^{'} P_S u ({a_1} - {a_2}{\gamma _{th}})}}} \right) } \right\} } \left\{ {1 - {F_W}\left( {\frac{{{\gamma _{th}}{N_0}}}{{\alpha ^{'} P_S u({a_1} - {a_2}{\gamma _{th}}})}} \right) } \right\} {f_U}\left( u \right) du\\&= 1 - \int \limits _{\phi }^\infty {\left\{ {1 - {F_V}\left( {\frac{\phi }{{\alpha ^{'}u }}} \right) } \right\} } \left\{ {1 - {F_W}\left( {\frac{{{\phi }}}{{\alpha ^{'} u}}} \right) } \right\} {f_U}\left( u \right) du\\&= 1 - \int \limits _\phi ^\infty {{e^{ - \frac{{\phi }}{{{\alpha ^{'}u}{\lambda _{R{D_1}}}}}\frac{{\phi }}{{{\alpha ^{'}u}{\lambda _{R{D_2}}}}}}}} \sum \limits _{n = 1}^{{N_r}} {\left( {_{\,n}^{{N_r}}} \right) \frac{{{{\left( { - 1} \right) }^{n-1}}n}}{{{\lambda _{{S}R}}\left[ {1 + \left( {n - 1} \right) \left( {1 - {\rho ^2}} \right) } \right] }}{e^{ - \frac{{nu}}{{{\lambda _{S{R}}}\left[ {1 + \left( {n - 1} \right) \left( {1 - {\rho ^2}} \right) } \right] }}}}} du\\&= 1 - \sum \limits _{n = 1}^{{N_r}} {\left( {_{\,n}^{{N_r}}} \right) \frac{{{{\left( { - 1} \right) }^n}n}}{{{\lambda _{{S}R}}\left[ {1 + \left( {n - 1} \right) \left( {1 - {\rho ^2}} \right) } \right] }}} \underbrace{\int \limits _\phi ^\infty {{e^{ - \left( {\frac{\phi }{{{\alpha ^{'}}{\lambda _{R{D_1}}}}} + \frac{\phi }{{{\alpha ^{'}}{\lambda _{R{D_2}}}}}} \right) \frac{1}{u} - \frac{{nu}}{{{\lambda _{S{R}}}\left[ {1 + \left( {n - 1} \right) \left( {1 - {\rho ^2}} \right) } \right] }}}}} du}_{{A_1}} \end{aligned} \end{aligned}$$

                    (32)
                

where, \(A_1=\int \limits _\phi ^\infty {{e^{ - \frac{{{b_1}}}{u} - Cu}}} du\) (for details please see Appendix 3), \(b_1=\left( {\frac{1 }{{{\lambda _{R{D_1}}}}} + \frac{1}{{{\lambda _{R{D_2}}}}}} \right) \frac{\phi }{\alpha ^{'}}\), \(C={\frac{{n}}{{{\lambda _{S{R}}}\left[ {1 + \left( {n - 1} \right) \left( {1 - {\rho ^2}} \right) } \right] }}}\).
Appendix 2: Proof of Proposition II in (23)
From (22), \(\mathcal {O}^{II}_{PRS}\) is given by,
$$\begin{aligned} \begin{aligned} {F_{\gamma _{e2e}^{II}}}\left( {{\gamma _{th}}} \right)&=\mathcal {P}_r \{ min(\gamma ^{II}_{R_{i^*}}, \gamma ^{II}_{D_2} )< \gamma _{th}\}\\&= {P_r}\left\{ {\min \left( {\frac{a_2 P_S |\widehat{h}_{SR_{i^{*}}}|^2}{N_0},\frac{a_2P_{R_{i^*}}|h_{R_{i^*}D_2}|^2}{N_0 }} \right)< {\gamma _{th}}} \right\} \\&= {P_r}\left\{ {\min \left( {\frac{a_2 P_S |\widehat{h}_{SR_{i^{*}}}|^2}{N_0},\frac{a_2 \alpha ^{'} P_S |\widehat{h}_{SR_{i^{*}}}|^2|h_{R_iD_2}|^2}{N_0}} \right) < {\gamma _{th}}} \right\} \\&= 1 - {P_r}\left\{ {\min \left( {\frac{{{a_2}P_S U}}{{ {N_0}}} \ge {\gamma _{th}}, \frac{{{a_2}\alpha ^{'} P_S U W}}{{{N_0}}} \ge {\gamma _{th}}} \right) } \right\} \\&= 1 - \int \limits _{\frac{{{\gamma _{th}}{N_0}}}{{P_S a_2}}}^\infty \left\{ {1 - {F_W}\left( {\frac{{{\gamma _{th}}{N_0}}}{{\alpha ^{'} P_S {a_2} u}}} \right) } \right\} {f_U}\left( u \right) du\\&= 1 - \int \limits _\psi ^\infty {{e^{ - \frac{{\psi }}{{{\alpha ^{'}u}{\lambda _{R{D_2}}}}}}}} \sum \limits _{n = 1}^{{N_r}} {\left( {_{\,n}^{{N_r}}} \right) \frac{{{{\left( { - 1} \right) }^n}n}}{{{\lambda _{{S_i}R}}\left[ {1 + \left( {n - 1} \right) \left( {1 - {\rho ^2}} \right) } \right] }}{e^{ - \frac{{nu}}{{{\lambda _{S{R}}}\left[ {1 + \left( {n - 1} \right) \left( {1 - {\rho ^2}} \right) } \right] }}}}} du\\&= 1 - \sum \limits _{n = 1}^{{N_r}} {\left( {_{\,n}^{{N_r}}} \right) \frac{{{{\left( { - 1} \right) }^n}n}}{{{\lambda _{{S}R}}\left[ {1 + \left( {n - 1} \right) \left( {1 - {\rho ^2}} \right) } \right] }}} \underbrace{\int \limits _\psi ^\infty {{e^{ - { \frac{\psi }{{{\alpha ^{'}}{\lambda _{R{D_2}}}u}}} - \frac{{nu}}{{{\lambda _{S{R_i}}}\left[ {1 + \left( {n - 1} \right) \left( {1 - {\rho ^2}} \right) } \right] }}}}} du}_{{A_2}} \end{aligned} \end{aligned}$$

                    (33)
                

where, \(\psi ={\frac{{{\gamma _{th}}{N_0}}}{{P_S a_2}}}\) \(A_2=\int \limits _\psi ^\infty {{e^{ - \frac{{{b_2}}}{u} - Cu}}} du\) (for details please see Appendix 3), \(b_2=\frac{\psi }{\alpha ^{'}\lambda _{R{D_2}}}\), \(C={\frac{{n}}{{{\lambda _{S{R}}}\left[ {1 + \left( {n - 1} \right) \left( {1 - {\rho ^2}} \right) } \right] }}}\).
Appendix 3
In order to derive (32) and (33), let us consider \(A_j\), where \(j=1,2\)
$$\begin{aligned} \begin{aligned} {A_j}&= \int \limits _{{a_j}}^\infty {{e^{ - \frac{{{b_j}}}{u} - Cu}}du} \qquad \forall j \in [1, 2]\\&=\int \limits _{{a_j}}^\infty {{e^{ - Cu}}\sum \limits _{k = 0}^\infty {\frac{{{{\left( { - 1} \right) }^k}{b_j}^k}}{{k!{u^k}}}} du} \\&= \sum \limits _{k = 0}^\infty {\frac{{{{\left( { - 1} \right) }^k}{b_j}^k}}{{k!}}} \int \limits _{{a_j}}^\infty {\frac{{{e^{ - Cu}}}}{{{u^k}}}du} \\&= \int \limits _{{a_j}}^\infty {{e^{ - Cu}}du} + {b_j}\int \limits _{{a_j}}^\infty {\frac{{{e^{ - Cu}}}}{u}du} + \sum \limits _{k = 2}^\infty {\frac{{{{\left( { - 1} \right) }^k}{b_j}^k}}{{k!}}} \int \limits _{{a_j}}^\infty {\frac{{{e^{ - Cu}}}}{{{u^k}}}du} \\&= \frac{{{e^{ - {a_j}C}}}}{C} - {b_j}\varGamma \left( {0,{a_j}C} \right) + \sum \limits _{k = 0}^\infty {\frac{{{{\left( { - 1} \right) }^k}{b_j}^k}}{{k!}}} \left[ {{e^{ - {a_j}C}}\sum \limits _{l = 1}^{k - 1} {\frac{{\left( {l - 1} \right) !{{\left( { - C} \right) }^{k - l - 1}}}}{{\left( {k - 1} \right) !{a_j}^l}}} - \frac{{{{\left( { - C} \right) }^{k - 1}}}}{{\left( {k - 1} \right) !}}{E_i}\left( { - {a_j}C} \right) } \right] \end{aligned} \end{aligned}$$

                    (34)
                

where, \({e^{ - u\mu }}\sum \nolimits _{k = 1}^{n - 1} {\frac{{\left( {k - 1} \right) !{{\left( { - \mu } \right) }^{n - k - 1}}}}{{\left( {n - 1} \right) !{{\left( {u + \beta } \right) }^k}}}} - \frac{{{{\left( { - \mu } \right) }^{k - 1}}}}{{\left( {n - 1} \right) !}}{e^{\beta \mu }}Ei\left[ { - \left( {u + \beta } \right) \mu } \right] ,\;n \ge 2\) [30, §3.353.1].
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