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The exponential increase in the usage of wireless devices
has not only posed substantial challenges to meet the per-
formance and capacity demands, but also presented some
serious environmental concerns with alarming CO, emis-
sions.

By the end of 2020, this number is expected to cross 50
billion.

Recent developments in loTs emphasize on the intercon-
nection between the devices, with or without slightest hu-
man mediation.

Most of these connecting operations involve battery-limited
devices that may not be continuously powered —- man-
agement of energy becomes crucial.

In this work, we propose a novel framework to realize
the benefit of Wi-TIE combined with caching capability
to support future technologies.
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Figure: 1. System Model: We consider a generic Wi-TIE system in which a DF relay
equipped with caching and Wi-TIE capabilities helps to convey information from one source
to a destination. Due to limited coverage, there is not direct connection between the source
and the destination. This model can find application on the downlink where the base station
plays the source’s role and sends information to a far user via a small- or femto- cell base
station.
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Figure: 2. Proposed DF relay transceiver design for hybrid Wi-TIE and Caching with Time
Switching (TS) architecture.
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Figure: 3. Convention assumed for distribution of time to investigate the Maximization
Problem of Energy stored at the Relay.
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Denote Ps and Pg as the transmit power at the source and
at the relay, respectively.

In addition, let g and h denote the channel gain between
the source and the relay and the relay and the destination,
respectively.

The signal received at the relay when the transmitter trans-
mits the symbols x € C, such that E{|x|?} = 1 where E{-}
and | - | denotes the statistical expectation and the norm
respectively, is given by

Yr=VPsgx + m. (1)

Upon receiving yg, the relay decodes and re-encodes the
source’s signal to obtain the estimate %, which is then for-
warded to the destination. The signal received at the desti-
nation is given by

yD:\/PRh)N(—&—n. (2)
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The achievable information rate of the source-relay link is

2
R; = Blog, (1 + Psaf"), 3)

m

where B is the channel bandwidth.

When the destination request a file from the library, § part of that
file is already available at the relay’s cache.

In other words, the relay’s cache can provide, in addition to the
source-relay link, a cache rate

Rg =or. (4)
The achievable information rate of the relay-destination link is
Pg |h|?
Rs = Blog, (1 + R'z|> (5)
Ohn
The harvested energy at the relay is given by
Er = CO(Ps|g|® + o). (6)
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ormaton and » PROBLEM: We represent the overall optimization problem as
. 2, o2
(P1) : max [CO(Ps|gl® +07) — (1 = (0 +0))Pal"  (7)

Sumit Gautam

LT subject to (C1) : ¢(R1 + R2) > (1 — (6 + ¢))Rs, (8)
Bjorn Ottersten (C2): (1 = (0+¢))Pa < Eg + Eex, (9)
(C3):(1—(0+¢))Rs >, (10)

(C4):0 < Ps < P, (11)

(C5):0<0+¢<1. (12)

» Here, the objective function of (P1) is the expression of the overall
Problem Formutation | 9 energy stored at the relay, (C1) ensures the requested data fulfill-
ment at the destination, (C2) safeguards the power management

at the relay, and (C3) denotes the QoS constraint.

» Clearly, this is a non-linear programming problem involving joint
computations of 6, ¢ and Pgr, which introduces intractability.

» Therefore, we propose to solve this problem using the Karush-
Kuhn-Tucker (KKT) conditions.
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Tang X v — X2 - H(0,6,PR) — As - 1(0,0,Pr) — s - J(0,0,Pr), (13)
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where
F(0,¢, Pr) = [CO(Ps|gf’ + o) — (1 — (0 + ¢))Pa]",  (14)

G(0,9,Pr) = (1 — (6 + ¢))log,(1 + 74 5)
- é[|092(1 + 75.9) +4r] <0, (19)

H(6, ¢, Pr) = (1 = (6 + ¢))Pa — ¢O(Ps|g|* + ofn)

o e

IEEE 10,6, Pr) = r — (1 — (0 + #))log,(1 + 79,0) <0, (17)

Lm J(0.6,Pr) = (0+¢)-1<0,  (18)
widu | with 75 , = P20 and -, , = ol

MBoUR
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Sumit Gautam
Thang X. Vu 0.2
i Ph=(v =15 (19)
o' = . (20)

"~ logo(1+ 74 5) + 61

1 1
0T =1—r + - (21)
(Iogz(1 +Yep) +Or log, (1 n Pﬁlhz>)

S H where
Civone v =exp (W(—Aexp(—log?(2)) + log(2)) + log®(2)) (22)
L Fonds NAH(C'J

e with A = In(2) - (% ) (In(2)|A12)(Ps|g[? + o3).
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Ria?féaéjﬁf,ﬁs /\2 # 0 — H(H (/)7 PF{) = O, )\3 ;ﬁ 0 — /(0‘ (/), PR) -0
S_Il_Jhmit G;u\t/am 2
ang X. Vu
Ph = (n =1zt (23)
¢ = ! : (24)
logy(1 +7s,) +0r
rPj — Eextlog, (1 + PRV”’\ )
= (25)

((Ps|gP? + o%)

Solution 12 where
n = Largest Root of[.A + log,(n) (B + Cn + Dlog,(n)) = 0],

withA:a-b~r,B:—a-b—b-r-(Wg)+a r,
C=b-r- <‘h‘22> and D = —b - Egy, Where
= ((Ps|gl? + 02,), and b = log, (1 + 7, ,) + 6.
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Information and » Remaining cases yields unacceptable solutions.
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ying Systems . L. . . .
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Algorithm. MSE-WC Algorithm

Input: The parameters g, h, §, r, and Egy;.
Output: The maximized value of energy stored at the relay: {Eg}.

1. : Initialize: ¢ € (0,1], Pr € (0,ePpax], 05 < e < 1,02, =1,and 02 = 1.

: Compute PL, #t, and 6t using (19), (20), and (21) respectively.

Solution 13

(1
: Define: £ = ¢0(Ps|g[? + 03) — (1 — (61 + ¢1)) P,
: Compute P, ¢*, and 6* using (23), (24), and (25) respectively.
) —

(1= (6" +¢%))Pg-

cEs= max(E;, E3).

2
3
4
5. : Define: E% = ¢0*(Ps|g|? + o2,
6
7. :return Eg.

rg
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Figure: 4. Energy stored at the relay versus total transmit power at the source (Ps) for
various values of Egy with § = 0.9 and r = 2 Mbps.

* The results show that the source transmit power has large impacts on the stored energy at the relay.

* Increasing the source’s transmit power by 2 dBW will double the stored energy at the relay.

* Increasing the external energy can significantly improve the stored energy at high Pg values.

* However, when Pg is small, increasing Egy; does not bring considerable improvement because at low Ps values, most
of the time is used for information transfer from the source to the relay.
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assuming Eeq = 31.62277 Joules and r = 2 Mbps.
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\ + The case with 6 = 0 implies that there is no caching at the relay.
2 * It is shown that caching helps to increase the saved energy at the relay for all Pg values.
I"" I“ 17 * And the increased stored energy are almost similar for different Pg due to the linear model of the caching system.
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Figure: 6. Energy stored at the relay versus the total transmit power at the source (Pg) for
JEEE different values of r with § = 0.2 and Egy = 31.62277 Joules.
L Fonds Nd“f;:‘@ii;.'c * Itis seen that the energy stored at the relay keeps increasing with increasing transmit power values at the source.

* On the other hand, it is clear that with increasing values of r, the energy stored at the relay decreases non-linearly.
* This is due to the fact that in order to meet the demand of requested rate at the destination, more energy would be
required for resource allocation at the relay which utilizes the harvested energy.
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We investigated a novel time switching based hybrid Wi-TIE
and caching communication system.

We addressed the problem of maximizing the energy stored
at the relay under constraints on minimum link throughput
between the relay and the destination, and on minimum
harvested energy at the relay.

Besides, we presented closed-form solutions for the pro-
posed relay system to enable Wi-TIE with caching in prac-
tice.

We illustrated via numerical results the effectiveness of the
proposed system.

This work can be further extended to many promising direc-
tions such as selection of the best relay out of given multiple
relays, multiuser and multicarrier scenario.
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