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System Model

1st Hop: HAP — Relays 2"d Hop: Relays — URX

-—
’— ‘\

Hybrid AP
Collaborative " cellul
Relay Networks | welidiar
" Network 5



_—
?/EE(I;BECOM(@
System Model
» Energy Beamforming and Harvesting
Azﬁgza v i- Receiver !

Wr)n = VDekiiwis + oy, < Npup £ WE,

r=—-

w, Beamforming Vector W = ww!!, Beamforming Matrix
pe,» HAP Transmit Power n, Energy Harvesting Efficiency
s, HAP Transmit Symbol pn, Power Splitting Ratio
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System Model

s Relays' Transmit Control
Amplify-and-Forward

v
\/(1 o pn)ptf,I{IWS + op

Pn
NO + (1 pn)ptfHWf

URX u = z xn\/(l pn)ptwagnS + Z(xno-ngn) + Vg
Reception n=1
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System Model
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Channel Uncertainty <

Robust Interference

u,, First Order Moment T
max P(¢,, = ¢) < ¢
S,, Second Order Moment PEP,




‘ 2 Eoeecom
Robust Multi-Relay Transmission

Highly Coupled

max r = log

<1+ |(x o y)"gl? ) URX Throughput

P, W, D, 1+ x"D(geog)x Maximization
s.t. 0 <p, <np.p,fWE, Energy Constraint
gIE%)X P(pm = ¢) <¢ Interference Constraint

Non-Convex

Tr(W)<1,W3>0,and0<p, <1

o, Hadamard Product

D(x), Diagonal matrix with the diagonal given by the vector x

y= [Y1: '"ryN]T: Yn = \/(1 - pn)ptfrlr—,lwgn
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Robust Multi-Relay Transmission

[(xoy)"gl|? o x"'D(g ° g)x

=1+ xTD(g o g)x'1 + x"D(g o g)x x('y)
Cauchy-Schwarz X
Ineqtljallty = 1-I-—X Y
dc #0,s.t.ty=cxogH Equivalence Condition
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Robust Multi-Relay Transmission

X

Increasing with both X and Y

S
1+ X |

Monotonic Optimization

Polyblock Approximation

____________________________________ 2
1. Initialize Vy = [Xo, Yol,V = [V,], P, = Rectangle([0,0],V,), k =0,

X
rV ==2Y,rt =0

| |
| |
| |
| |
| Xo+1 |
2. WHILE (rV —rl > ¢) i
|

'3 k—k+1 |
| _ _ Vi@V |
i 4 Select V} = arg max ](1) " Vi(2),r% = Y i
| ) - - L _ Or(1)0g(2) |
i 5. Vk onto the edge of Feasible Region as 0, r" = TOnD4L i
6 Crop P, = Py_1\Rectangle(Oy, V}) |
i 7 Update V according to 0, i
8. END WHILE |
| |
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Robust Multi-Relay Transmission

ly|? 2:_CIkEYk»
x"D(g ° g)X ='qXy,

max P(¢,, = (,3) <d,

PEP,
cxog =y,
npnpfn Wk, = py,.

max Z1I¥=1 Sn Convex
S. L. Pn < nptf#an,
Sp S ptfﬁl (W o W)fn;

SDP

lczpng% —Sn Sn >0

Sn 117
s PP 0 |
> 0 V—¢

Tr(Z,M) <v{,M > 0,v = 0,
Tr(W) <1, Tr(W) < 1.

*Sp = yr%r Pn = f#an/fﬁlen

12



Numerical Results

Path Loss: L = 25 + 201log;,(d) HAP Transmit Power:
Noise Power; —90 dBm pe € [10,100] mW
Bandwidth: 100 kHz

Energy harvesting efficient: n = 0.5
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Numerical Results
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Throughput and Relays’ Transmit Power limited by
Cellular Users’ Interference Constraint
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Numerical Results
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Conclusions

= Pros: Jointly Optimizing Power Transfer and Relay Strategy

v We formulate a throughput maximization problem that jointly
optimizes the relay strategy (PS ratio and transmit power) and the
beamforming of HAP.

v A lower bounded SDP reformulation i1s deduced via monotonic
optimization.

v Near optimal result is found via Polyblock iteration algorithm
according to numerical results.

m Cons:
v No direct link considered
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