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We study a relay selection problem in
a two-hop amplify-and-forward (AF) en-
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abled network for facilitating simultaneous aTry

Wireless Transmission of Information and
Energy (Wi-TIE) to a destination able to
perform both information processing and

energy harvesting concurrently.

System Model

We consider a cooperative wireless network with single source, L
non-regenerative relays, and single destination, as shown in Fig. 3.
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Figure 3. System Model.
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Source communicates to the destination via two communication
links s.t. overall transfer of data and power takes place in two
phases which may or may not include the direct link.

Definitions

The signals received at the ith relay, and at the destination via
the direct link (DL) can be respectively written as

Prgis + nj, and rL(jl) =V Prfs+ 7
DL: Signal-to-Noise (SNR) Ratio & Harvested Power (HP) Eqgns
DL - SNR at D: TS and PS

DL - HP at D: TS and PS

7= Priff’ and 752 = (1 — B)Prlf’ P74 = Ca(Pr|f]? +0,)
o2 + o2 (1—B)o2 + a3 PSY = CA(Pr|f2 + o2)
Assuming Pr = PP’V’E’XZ_PTZ , the signal received at the destination
T|gil*+o7,

from the indirect link (IDL), when the ith relay is selected, is
rlgz) = w;h;ri + 1, with 0 < |W,-|2 < Pr
IDL - SNR at D: TS and PS R IDL - HP at D: TS and PS

2 2 2
@ _  |wil*lhil"|gi|"PT )
TS = wil?|hi?o2 + o2 + o3 PR = Ca(lwil?|hi*(Prlgil® + 02) + o
2 2 2
2) _ (1 — B)|wi|*|hil*|gi|* Pt @ . o ,
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The overall equations for Rate and Harvested Power are

Overall HP at D: TS & PS

prs = PY) 4 PO
PU ={ TS — F1g

Overall User Rate : TS & PS

R, = {RTS = 3(1 — a)log, (1 + A7s)

Rps = 3 logz (14 4ps) Pps = PY) + P(z)

(1)

Y1s = ’y(Tls) -+ ’y(ng, and 4ps = vps + 7,(325) . Using the Maximum Ratio Combining (MRC)
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Figure 1. TS Receiver for Wi-TIE.
TS ratio is defined as: ‘'«
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Figure 2. PS Receiver for Wi-TIE.
,s.t. 0 < a < 1. PSratio is defined as:

User Rate Maximization for Relay Selection

The relay selection optimization problem that maximizes the effec-
tive source-destination rate, while ensuring a minimum harvested
power at the destination node can be represent as

(P1): max Ry
i€Z,0,{w;}
subject to: Py > K,
0 < |w;i|* < Pk,
0<06<1,
where i is the relay index, Z = {1,2,.--,L} is the set of

relay indices, Pr < Pg, and Kk is the minimum harvested power
demand, 8 = {a: TS, or 3: PS}, respectively.

(P1): Non-Linear Mixed-Integer Programming Problem - Difficult to solve -
Recast into pair of coupled optimization problems - Outer optimization : Relay
Selection, and Inner Optimization : Splitting factors & Amplification coefficients.

By using the Lagrange Dual Method, we have

Solution of Inner Optimization without the DL

K(¢)™
Pr|hil*(Pr|gi|* + 07) + o}

Solution of Inner Optimization with the DL

|W,'|2 = PR, and 0 =

K(¢)™

2 —
w; =P and 9 —
|w;| R» Pr|f|2 + Prlhi]2(Pr|gi]2 + 02) + 202

The solution of outer optimization yields the index of the selected

: - *
relay, which can be expressed as j* = argmax;cq5.... 11 RF,
where Rf is the rate achieved by the jth relay.
Simulation Result
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Figure 4. User rate (R,) versus the demanded harvested power (k) for different values of
P+ considering Pr = 0 dBW, 0',2,’_ = 0'(2, — 0 dBW, 0',,27 = -7 dBW, and |f| = 0.3.

Combining both direct and relay-assisted links is beneficial for Wi-TIE in cooperative networks.
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