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Simultaneous Information and Energy Transmission
in Gaussian Interference Channels with Feedback

Nizar Khalfet and Samir M. Perlaza

Abstract—In this paper, the fundamental limits of simultaneous
information and energy transmission in the two-user Gaussian
interference channel with feedback are fully characterized. More
specifically, an achievable and converse region in terms of
information and energy transmission rates (in bits per channel
use and energy-units per channel use, respectively) are presented.
The achievable region is obtained using a combination of rate
splitting, common randomness, superposition coding, power-
splitting, and block Markov decoding. Finally, the converse region
is obtained using some of the existing outer bounds on the
information transmission rates, as well as a new outer bound
on the energy transmission rate.

I. INTRODUCTION

Energy is a central resource in the process of data trans-
mission and in some cases, it is a costly and rare resource.
For instance, infrastructure-based communications are often
powered by the electrical grid and often reinforced with
sophisticated energy storage systems to increase reliability and
optimize the use of alternative energy sources, e.g, solar pan-
els, wind mills, etc. In this case, these networks can be thought
as networks powered by an infinite-capacity battery with
very low probability of power-shortage. Alternatively, mobile
devices and some office, industrial and medical instruments
are exclusively powered by batteries, which immediately sug-
gests that infrastructure-less networks are more vulnerable to
power shortages than infrastructure-based networks. When the
energy-capacity of the battery is small, battery recharging
and/or battery replacement must be regularly implemented.
This observation highlights two relevant questions in this type
of networks: (a) How to implement the battery recharging
process to minimize the probability of energy outage?; and
(b) How to efficiently burn the energy from the batteries to
guarantee reliable communication?. This paper focuses on the
first question assuming that energy can be harvested from radio
frequency (RF) signals sent by transmitters that are concerned
with this task. More specifically, the focus is on the analysis of
coding schemes for simultaneously transmitting information
to a receiver and energy to an energy harvester that must
guarantee a minimum energy rate, e.g., for battery recharging.
The second question is tackled in [1], [2], [3], [4], [5] and
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references therein. Both questions are jointly studied in a
specific configuration of the relay channel in [6].

The problem of wireless energy transmission traces back
to Tesla in the 20-th century [7]. However, the problem of
simultaneous information and energy transmission (SIET) has
been formalized recently in the point-to-point channel [8], [9],
[10]. The case of two transmitters, one receiver and one non-
colocated energy harvester (EH) has been studied in [11], and
[12]. A comprehensive review of existing results in SIET in
different multi-user channels is presented in [13].

This paper focuses on the case of the two-user Gaussian
interference channel (G-IC) with perfect output feedback.
The case without feedback has been studied in [14]. More
specifically, this paper studies the case of two point-to-point
channels subject to mutual interference with a non-colocated
EH. The objective of both transmitters is to simultaneously
transmit information to their corresponding intended receivers
and jointly guarantee a minimum energy rate at the EH. The
main result is twofold. First, a set of achievable information
and energy transmission rates is presented. That is, a subset
of the information-energy capacity region [12]. Second, a set
that contains the information capacity region. These two sets
are shown to be a constant gap approximation of the set of
triplets made of both information rates and the ratio between
the energy rate and the maximum feasible energy rate. In
this case, the gap is shown to be one bit in the information
dimensions and one-half in the energy dimension. Note that
the energy dimension does not have a unit as it is the ratio of
two energy rates.

II. GAUSSIAN INTERFERENCE CHANNEL WITH ENERGY
HARVESTER

Consider the G-IC with a non-colocated energy harvester
with feedback depicted in Fig. 1. Transmitter 7, with ¢ €
{1,2}, aims to execute two tasks: (a) an information trans-
mission task and (b) an energy transmission task.

A. Information Transmission Task

From the information transmission standpoint, the goal of
transmitter ¢ is to convey an independent message index
W; € W; to receiver ¢+ using N channel input symbols
Xi1,X;2,...,X; n. The channel coefficient from transmitter
k to receiver 4, with k € {1,2}, is denoted by h;; € R4. At
receiver 4, during channel use n, input symbol X ,, is observed
at receiver ¢ subject to the interference produced by the symbol
X, sent by transmitter j, with j € {1,2} \ {¢}, and a real
additive Gaussian noise Z; ,, with zero mean and variance o2
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Hence, the channel output at receiver ¢ during channel use n,
denoted by Y j,, is

Yin =hiuXin +hij Xjn+ Zin. (1)

At each channel use n, the symbol X ,, sent by transmitter ¢
depends on the message index W;, a randomly generated index
2 € N, and all previous channel-outputs Y; 1, Y; 2,...,Y; n_q,
with d € IN the feedback delay. In the following, it is assumed
that d = 1 channel use, without any loss of generality. The
first channel input symbol X; ; depends only on the message
index W; and €2 € IN. More specifically, fi(’]lv) Wy xN—= R
and for all n € {2,3,...,N}, fIN) : W, x NxR"' — R
are the encoding functions such that:

Xia=13 (Wi, Q) )

Z?

and for all n € {2,..., N},

X’L,n: Z(,Jy\[) (W’La Qa Ylv e ,Y’nfl)' (3)

The random index {2 is assumed to be independent of both W,
and W5 and known by all transmitters and receivers. Channel
input symbols X; 1, X;2,..., X; y are subject to an average
power constraint of the form

N

1

¥ 2 EXL <P “)
n=1

where P; denotes the average transmit power of transmitter
1 in energy units per channel use. The expectation in (4)
is taken with respect to W;, €0, and the previous channel
outputs Y7,...,Y,_1. Note that W; and 2 are assumed to
be uniformly distributed over their corresponding sets.

Let T € IN be fixed and assume that during a given
communication, 7" blocks of N channel uses are transmit-
ted. The decoder of receiver ¢ observes the channel outputs
Yi1,Yi2,...,Y; 7 and uses a decoding function

¢i: Nx RN - {1,2,... 28T, 5)

to get an estimate of the message indices:

— (1) —(2
(Wi(),Wi(),...

—(T)

,Wi ) :¢l (975/;,17}/7;;27""}/;71\[’11)7

(6)
(¢
where Wi( ) is an estimate of the message index sent during
block ¢ € {1,2,...,T}. The decoding error probability during
block t of a codebook of block-length IV, denoted by Pe(t) (N),
is given by
PY(N)

—(t —(t
= max (Pr {Wl( ) + Wl(t)} ,Pr {WQ( ) 4 WQ(”} ) 7)
The signal to noise ratio (SNR) at receiver ¢ is denoted by

_ T 8)

Receiver 1| W,

Receiver 2 W,
>

Energy
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Fig. 1. Two-user Gaussian interference channel with a non-collocated energy
harvester.

The interference to noise ratio (INR) at receiver ¢ is denoted

by

hi; PPy .

#, with j # 1. )
o

%

INR; =

B. Energy Transmission Task

Let hg; € R4 be the channel coefficient from transmitter
1 to the energy harvester (EH). The symbols sent by the
transmitters are observed by the EH subject to an additive
Gaussian noise Z3 ,, with zero mean and variance o3 . More
specifically, the channel output at the EH, denoted by Y3 ,,, is

Y3, = hs1 X+ hgoXopn + 23 5. (10)

From the energy transmission standpoint, the goal of both
transmitters is to jointly guarantee an average energy rate at
the EH. Let b > 0 denote the minimum average energy rate
that must be guaranteed at the input of the EH. Let also B(X")
be the average energy rate (in energy-units per channel use)
at the end of N channel uses. That is,

N
BN L i E Y2
N 3m

(1)
n=1
The SNR of transmitter ¢ at the EH is denoted by
hai 2P
SNR3; = % (12)
93

Note that the maximum average energy rate Bp,.x 1S

Brax = 03 (14 SNRa1 + SNRsz + 2¢/SNR3 SNR3z ) .

(13)

The probability of energy outage, given an average energy rate
B, is defined as follows:

PN (B) EPr[BM) < B — ],

outage

(14)

for all B > b and some ¢ > 0.



C. Simultaneous Information and Energy Transmission (SIET)

Given a minimum energy rate b to be satisfied at the EH, the
system is said to be operating at the information-energy rate
triplet (R, R2, B) € R3 when both transmitter-receiver pairs
use a transmit-receive configurations such that: (i) reliable
communication at information rates /21 and R is ensured; and
(ii) reliable energy transmission at energy rate B is ensured.
A formal definition is given below.

Definition 1 (Achievable Rates): The triplet (R1, Ro, B) €
]Ri is achievable if for all i € {1,2}, there exists a sequence
of encoding functions f(N) i(gv)j ceey i(J]\\[,) and a decoding
function ¢; such that both the averaée error probability
Pe(t)(N), for all t € {1,2,...,T}, and the energy-outage
probability Pélﬁ:g)e( ) tend to zero as the block-length N

tends to infinity. That is,

lim sup Pe(N) =0, and (15)
N—o0
lim sup P(Ei\tr;g)e =0. (16)
N—oo

Using Definition 1, the fundamental limits of simultaneous in-
formation and energy transmission in the Gaussian interference
channel can be described by the information-energy capacity
region, defined as follows.

Definition 2 (Information-Energy Capacity Region):  The
information-energy capacity region given a minimum energy
rate b, denoted by EF, corresponds to the closure of all
achievable information-energy rate triplets (Ry, Ra, B).

III. MAIN RESULTS

The main result consists of a description of the information-
energy capacity region &, for a given b > 0. Such a
description is presented in the form of an approximation in
the sense of the definition hereunder.

Definition 3 (Approximation of a Set): Letn € IN be fixed.
A closed and convex region X C R} is approximated by the
sets X and X if X C X C X and Vx = (z1,...,7,) €
X then ((x1—&)F, (o1 —&)F, .o (0 —&)T) € X, for
some (£1,62,...,&) € R
The following sections show that the information-energy ca-
pacity region £}, with b any positive real number, is approx-

imated by the regions §bF (Theorem 1) and E? (Theorem 2).

A. Achievability

The following theorem describes a set of rate-tuples that are
achievable (Definition 1).

Theorem 1: Let b be a fixed positive real. Then, the
information-energy capacity region &, contains all the rate
tuples (R1, Ra, B) that satisfy for all i € {1,2} and j €

{1, 23\{i}-

R < 110 (1+(1 Aie)SNR;+(1-). ) INR;+2p1/SNR; INR)
‘= 1+, INR;
(17a)
R < 11og (1 +(1-(p+ )\ie))INRj)
2 1+ \ipINR;
1 14+ XipSNR; + A, INR;
! (L 2SR Ny ) 7
Tgee 1+ A, INR; (175)

14 AipSNR; + )\ijNRi)

1
Ri+Ry<:-1 (
pH i s g loe 1+ ), INR;

L (1+(1 Aje)SNR+(1-\;0)INR,+2p,/SNR, INR)
5 %8 1+, INR;

(17¢)
b<B< 0’§ (1 + SNR3; + SNR3so + 2p+/ SNR31SNR39

+2\/)\1€SNR31)\QSSNR31>7 (17d)

where (p, Nip, Nie) € [0,1]3, such that p+ Xip + Xie < 1.
Proof: The proof of Theorem 1 is presented in [14] and

in the following section only a sketch of proof is described.

|

B. Sketch of Proof of Achievability
The achievability scheme presented in this section
is built upon random coding arguments using rate-

splitting [15], super-position coding, backward decoding
[16], common randomness and power-spliting [12]. Let
w® e {1,2...,2NR} and Q € {1,2...,2VE=} be
the message index and the common random index at
transmitter ¢ during the ¢-th block. Following a rate-splitting
argument, the index Wi(t) is divided into two sub-indices
wh e {1,2...,2NRr} and W'Y e {1,2... 2NRc},
where Ric + Rip = R;. At the end of block ¢, the
message indices Wz(g and WZ.(}), must be decoded by receiver

i, whereas Wi(tc)‘ must be decoded by receiver j, and by
transmitter j via feedback. Therefore at the beginning of
block ¢, each transmltter possesses the knowledge of the
indices T/V1 C and Wz(fc In the case of the first block

t = 1, the indices Wl(oé and WQ(Oé correspond to two indices
assumed to be known by all transmitters and receivers. The
codebook generation at transmitter ¢ follows a four-level
superposition coding scheme. The first-layer codebook is
common and consists of 2Vf£ codewords of length N
symbols, denoted by v(1), v(2),..., v(|2V®=|). Note that
both transmitters know (2, hence they are able to choose
the same codeword v()) from the first-layer codebook. The
index € as well as the codeword v({2) are also known at
the receivers, which highlights that the role of this codebook
is not information transmission but energy transmission.
For each codeword in the first-layer codebook, transmitters
possesses a sub-codebook of 2N(fictR2c)  codewords.
The codewords superposed on codeword v(f2) are denoted



by U(Q’ 1, 1)3 ’LL(Q, L, 2)7 s U(Qv LQNRLCL L2NR2'CJ)'
The resulting [2VRe| . [2NFic| . |2NRz2c| codewords
are referred to as the second-layer codebook. For each
codeword in the second-layer codebook there is a sub-
codebook of 2NFic  codewords in the codebook of
transmitter-receiver pair ¢. The codewords superposed
on codeword (2, Wl(tcf b, Wg(tg Y) are denoted by
wi( QWD WG ), @G Wit 2),
u,; (9, Wl(’tc_l), Wz(fc_l), |2V i), The resulting
|2NVEBe | . |2NBue| . |2NRac| . |2NRic|  codewords
are referred to as the third-layer code. Note that this layer is
particular at each transmitter-receiver pair. For each codeword
in the third-layer codebook of transmitter-receiver pair ¢ there
is a sub-codebook of 2N%ir codewords. The codewords
superposed on codeword u;(f2, Wl(tg b, Wz(tg b, Wl(tc))
are denoted by sZ(Q,Wl(tC_ 1), WQ(tC_ 1>,VVZ-(,tC)7 ),
Si(Qa Wl(fc_l)a WQ(tc_l)a Wl(tc)ﬂ 2)7 sty

8;(9, Wl(fc_l), WQ(fc_l), Wz(g, |2NBiP|). The  resulting
[2NVBe | [2NFLe|. |2NR2.c|.|2NRic | |2NRir | codewords
are referred to as the four layer code and as the previous code
layer, this layer is particular to each transmitter-receiver pair.
For transmitting the triplet (€2, Wl(tc_ 1), WQ(tc_ 1), Wz(tc)v, Wl(tll)
from transmitter ¢, the channel input-symbol X,
at channel use n € {1,2,...,N} is a deterministic
function of the n-th components of the codewords v(2),
w(@ WSV WD), w(@wG) Wit wil)  and
s (9, Wl(t(; 1), Wg(tg 1), ng, Wl(t])g) The information rates
(R1, Ry) that are achievable by the code described above
satisfy the following inequalities.

Lemma 1: The set of achievable information rate pairs
(R1, Ry) satisfies the following inequalities for all i € {1,2}
and j € {1,2}\{i}:

Ri < I(U, X;, U Yi|V), (18a)
R, < (U3 Y;|U, X;, V)
+I1(X;;Y5|U;, U5, U, V), (18b)
R+ Ry < I(XHYHUM Uijv V)
+I(V,U;, X33 Ys), (18c)

for a given joint distribution Pyyy,u,s, 8, (U, U, 1, Ua, 81, S2)
that  factorizes as Py (v) Py (ulv) Py, oy (ui|uv)
Py, jov(ueluv)  Ps,juu,v(s1luuiv)  Ps,juu,v(se|uuzv)
and X; = 0, (V,U,U;, S;), with 01 and 05 injective functions.

Proof: The proof of Lemma 1 uses standard random
coding arguments and is presented in [14]. ]
For all k € {1,2} and a fixed tuple (p, Agc, Akp, Ake) € [0, 1]
such that p4 Arc 4+ Agp + Age = 1, consider the following ran-
dom variables: V ~ N (0,1); U ~ N (0, p); Up ~ N (0, Age);
and Sy ~ N(0,\gp), which are independent of each other.
Let the channel input of transmitter k& be

X =V PU~+/PpSk +  PuUk + V/ Are PLV.

19)

The choice of this input distribution yields

1 1o (1+(1—)\16)SNer—(l—)\je)INRlﬂ-Qp\/ SNRJNRZ>
9 %8 1+ A, INR; ’
(202)
1Y) = Lo (LU=t Ry
10, X, U YY) = 3 log (FH0 R ) o
. 1. (1+2,SNR; + )\ijNRi>
I(X3 ViU, U3 Uy, V) = 3 log (+225 ey
(20c)

Finally, plugging (20) into (18) completes the proof of (17a)
- (17¢).

The average received energy rate 53 achieved by using the
code described above is given by

B=E[Y{,]
=h3, E[X7 ] + h3,E[X3 ] 4 2hs1hsa B[ X1 5 X2 ] + 03
<h3 Py + h2,Po + 2|hay||haz| / PLPa(p + v/ AieAee) + 03
=02 (1 + SNR31 + SNRgo

+2+4/SNR31SNR3» (p + v/ )\le/\Ze)) .

From the weak law of large numbers [17], it holds that Ve > 0,

lim Pr (B(N) <B- e) = 0.

N—oc0

21

From (21), it holds that for any energy rate B that satisfies
0 < B < B, it holds that

lim Pr (B<N> <B- e) =0,

N—o00

(22)

which proves (17d) and completes the sketch of proof.

C. Converse

The following theorem describes a converse region denoted
—F

by &, .
Theorem 2: Let b be a fixed positive real. Then, the

information-energy capacity region 55 is contained into the set
of all the rate tuples (R1, Ro, B) that satisfy for all i € {1,2}



and j € {1,2}\{i}:

1

(23a)
1 Bi(1 - p?))SNR,; )
P
i< log (1 TTT A PINR,
+% log (1 41— pz)INRj), (23b)
1 Bi(1 - p%))SNR, )
< —
Ry + R2_2 log (1 + 1+ (1 — p?)INR,
-l-%log (1+5j SNR,+3,INR;+2p\/B;SNR, @-INRJ),
(23¢)

B<o? (1+SNR31+SNR32+2p\/ﬂlsNR31 B2SNR39

+21/(1 = B1)SNRg: (1 — 52)SNR32>, (23d)
with (81, B2) € [0, 1]2.

Proof: The proof of Theorem 2 is presented in [14] and

in the following section only a sketch of proof is described.

|

D. Sketch of Proof of the Converse

Fix an information-energy rate triplet (R;, Ry, B) achiev-
able with a given coding scheme (Definition 1). Denote by
X1 and X5 the channel inputs resulting from transmitting the
independent messages (W71, §2) and (W5, Q) using such coding
scheme. Denote by Y'; and Y5 the corresponding channel
outputs. Define the following random variables:

S1 = hoa1 X1 + Z», and
So = h12Xo + 73,

where, Z; and Z5 are real Gaussian random variables inde-
pendent of each other with zero means and variances o7 and
o3, respectively. Using assumption (15) and Fano’s inequality
and following similar steps as in [16], it can be shown that
the information rates R; and Ry must satisfy the following
inequalities for all ¢ € {1,2} and j € {1,2}\{i}:

] =

NR; [h(Yin) = M(Zin)] +0(N),  (24a)
n=1
N
NR; <) [M(Yjn)Xjn) = h(Zjn)
n=1
+ ( 7 71‘X_7 ny Sz n) - (Z7,n)] + O(N)a
(24b)
N
N(Ry + Rp) <> [h(Yin|Siims Xjon)
n=1
—(Zin) + WYjn) = h(Zjn)] + o(N),
(24¢)
where O(N) tends to zero as N tends to infinity.

Using assumption (16), for a given ey > 0 and an n > 0,
there exist Ny(n) such that for any N > Ny(n) it holds that

Pr(BM) < B—ey) <n. 25)
Equivalently,
Pr (B<N> >B— EN) >1-—1. (26)
From Markov’s inequality, the following holds:
(B —en)Pr (BUV) <B- eN) <EBM™]. @7
Combining (26) and (27) yields
(B —en)(1—n) < E[BM], (28)
which can be written as
(B —dn) < E[BM], (29)

for some d > exn and a sufficiently large V.

In the following, for all n € N, the bounds in (24) and (29)
are evaluated assuming that the channel inputs X ,, and X3,
are arbitrary correlated random variables with

A
Hin = E[X'L,nL (30)
,72'2777, = Var[X; ], (31)
An 2 Cov[ X1, Xan]. (32)

The input sequences must satisfy the input power constraint
(4) which can be written for i € {1,2}, as

1 1, 1L,
NZ: N;%’” + N;Mi,n < b
(33)

Using these elements, the terms in the right-hand side of (24)
can be upper-bounded as follows:

1
h(Yin) < 5 logs (2me(hi? nthi Vi nt2hishijAnto7))

(34a)
2
_ i) hﬂ)
VinVin' 0F

2 2
2 1— An hi;
’Vz,n( ~2 'yf.”)o?

2
i) 24
YinVin’ T

(34c)

1
BVl Xjm) < 5 log (1 F2a(1

1
+3 log(2mea? ), and (34b)

1+

1
h(YPi,n|Xj,na Sz,n) < = IOg

2

L+97,(1 -

1
+§ log(2mea?).

The expectation of the average received energy rate is given
by

N
E[B™)] = ZYefn
N " 1 N
< Zvln+uln>+h§2<

=1

N
+2h31h32 ( Z()\n +M1,nM2,n)> + 3.
=1

72n+//"2n>

(35)



Using Cauchy-Schwarz inequality, the energy rate in (35) can
be upper-bounded as follows:

N
+(v2 )
2 N272n+ﬂ2n
n=1
1 N N 1/2 1 N 1/2
o) (7

2h31h32

(36)

Combining (29) and (36) yields the following upper-bound on
the energy rate B:

h?
\J§+AZ vln—’_:u‘ln

=1

. L 1/2 L 1/2
2hs1h =) Mt = 3 — 2
311132 ’an_:l +<N§M1,n> <N;N2,n>
+on.
Consider the following definitions, for all ¢ € {1,2}:
Al Y
2 & 2
m= N ; Him (382)
Al Y
2 & 2
W= 5 ;yn and (38b)
s (38¢)
T P/L .
N
1
2 n=l / (38d)
1l el

Plugging (34) in (24) and after some manipulations using the
definitions in (38) yields:

1 hi; s hihdvis
R; < ilog 07 ;2] +2p # ,(39a)
1 h3;
R; < §1og (1 + ﬁ’yf (1- pz))
J
h2
1 (1= p?) o4
+§ log| 1+ - (39b)
1220 - pt)

2 12 4242
hj hﬂ%%
J,

(37

h2
Vi (1 —p )07?
h2.
_pQ)#gl
B < o3 +h3,(7F + 1) + h3a (73 + p3)

+h35(v3 + 13) + 2hsihsa (lp| [yillve] + lpallpz]), (39d)
B>, (39e)

1
+—log [ 1+ (39¢)

2 1+7(1

for some 1,72, 42 and p3 that saturate the power constraint
(33). Some trivial manipulations using the definitions of SNRs

and INRs on (39) complete the sketch of proof.

E. Approximation of the Information-Energy Capacity Region

Using the inner region §§ and the outer region E?,
described respectively by Theorem 1 and Theorem 2, the
information-energy capacity region £ can be approximated
in the sense of Definition 3.

Theorem 3 (Approximation of Ef):  Let §£ C Ri and
Ef C ]R‘i be the sets of tuples (R1, Ro, B) described by
Theorem 1 and Theorem 2, respectively. Then,

& ce cE,
and for all (Ry, Rs, B) € &, it follows that (R, —1)*
1)+ (B — b)) e gF.

Proof: Following similar steps as in [16], it can be shown
that for all (R, R2,0) € Ef it follows that ((R1 —1)T, (R —
1)T,0) € &;. Note also that for all (Ry,Ry,B) € EbF
and for all (Ry, Ry, B') € &, there always exists a tuple
(ﬁl, B2, Ae, Aoe, p) such that:

(40)
) (R2 -

B-B
Brax
_ 2lhs1||haa|vPL P (v/(T = B1) (T = Ba) + pv/Bifa)
o O'g—‘rh%lpl+h§2P2+2|h31||h32‘\/P1P2
< 24/SNR31SNR32
— 1+ SNRg3; + SNR32 + 24/SNR31SNR39
< 24/SNR31SNR32 < 1
~ 1+ 44/SNR31SNR3s — 2’

which completes the proof. [ ]

IV. EXAMPLE

Consider a Gaussian interference channel with feedback and
an external EH with parameters SNR; = SNRy, = 20 dB,
INR; = INRy; = SNR3; = SNR3; = 10 dB and 03 = 1
Figure 2 and Figure 3 show £, and &, respectively, with
b = 0. Figure 4 shows both £, and &, in the same axes.
Note that for all B € [0,1 + SNR3; + SNR3s], transmitting
information with independent codewords is enough to satisfy
the energy rate constraints. This implies that 8; = 82 = 1 is
optimal in this regime. Alternatively, for all B € [1+SNRg; +
SNR32, Bimax), transmitters deal with a trade-off between the
information and energy rate. More specifically, increasing B
reduces the information region and makes the information-
energy capacity region shrink.
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Fig. 2. 3-D representation of £F, with parameters SNR; = SNRy = 20
dB, INR; = INR2 = SNR3; = SNR32 = 10 dB and 02 = 1.
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Fig. 3.  3-D representation of Ef with parameters SNR; = SNRg = 20
dB, INR; = INR2 = SNR3; = SNR32 = 10 dB and 02 = 1.
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Fig. 4. 3-D superposition of §£ and EbF, with parameters SNR; = SNRy =
20 dB, INRl = INR,Q = SNR31 = SNR32 =10 dB and 0'32) =1.

V. CONCLUSIONS

The fundamental limits of simultaneous information and
energy transmission in the two-user Gaussian interference

channel with perfect output feedback have been approximated.
This approximation consists of an achievable region and a
converse region. The achievable region is obtained using
random coding arguments and techniques that are already
known, e.g., rate splitting, common randomness, superposi-
tion coding, power-splitting and block Markov decoding. The
novelty of this achievability scheme lies in the superposition
of the information-carrying layers (second, third and fourth
layers) over the energy-carrying code-layer (first layer). The
converse region is obtained using Fano’s inequality, cut-set
bounds and genie aided scenarios to obtain the bounds on the
information rates. As for the upper-bound on the energy rate,
the ingredients are simply the weak law of large numbers and
Chebyshev’s inequality.
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