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Abstract. In this paper, we mainly study simultaneous wireless information
and power transfer (SWIPT) for the multiuser resource allocation. All subcar-
riers are divided into two parts, part of which are for information decoding and
another part are for energy harvesting. We optimize the subcarrier allocation and
power allocation to maximize the energy that collected by all users under the
target rate constraint. The original optimal problem is complicated, so it is hard
to find the optimal solution directly. By transforming the primal problem, we
finally solved the original problem by using the Lagrange dual method.
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1 Introduction

Simultaneous Wireless Information and Power Transfer (SWIPT) is a new type of
wireless communication that can transmit information and harvest energy simultane-
ously. More and more people are devoted to study this field [1-6]. Through this
technology, it is expected to realize the power supply and control of equipment in harsh
working environment. In addition, it has broad application prospects in the field of
biomedicine. The traditional research is mainly for one user. There are a lot of literature
on SWIPT in the aspect of single user performance analysis. [7] proposed two trans-
mission protocols, namely power splitting (PS) protocol and the transmission mode
adaptation (TMA) protocol. The authors studied amplify-and-forward (AF) and
decode-and-forward (DF) protocol in [8, 9]. Different from the traditional single-user
research, we studied the multiuser OFDM systems. There are also some scholars
studying multiuser systems, a subcarrier separation (SS) strategy in multiuser OFDM
systems was proposed in [10]. In [10], the authors put forward an optimization algo-
rithm that maximizes the total transmission rate. Unlike [10], in this article, we provide
a new optimization algorithm that maximizes the energy received by all users. The sum
energy optimization problem is a complex multivariable problem. Although the
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original problem is non-convex, after conversion, the original problem can be sim-
plified. Then, we use the Lagrange dual method to get the optimal solution.

The rest of paper is organized as follows. In Sect. 2, we introduce the system model
and provide optimization problem that maximizes the harvested energy. Section 3
solves this problem by the Lagrange dual method. The simulation results are presented
and discussed in Sect. 4. Finally, we summarized this article in Sect. 5.

2 System Model and Problem Formulation

We consider a multiuser OFDM system, in this system, there are N subcarriers and K
users. The set of subcarriers is represented as S = {1...N}, and all users are denoted as
K = {1...K}, as shown in Fig. 1.
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Fig. 1. System model

All subcarriers are divided into two parts, some subcarriers are used to harvest
energy (denoted by S for user k), while the others are used to decode information at
the same time (denoted by S! for user k). The channel power gain on each subcarrier is
assumed to be constant (expressed as hy , for user k over subcarrier n), let p; , denote
power allocated on user k over subcarrier n. And each subcarrier is only allowed for
one user to transmit information. We specify that each user has the minimum required
target rate (denoted by Ry for user k), and By represent the minimum required energy
for user k, if less than this minimum energy, it does not reach its sensitivity and does
not receive it. The sum power constraint of the whole system is expressed as P. So the
transmission rate 7y, achieved by user k on subcarrier n can be written as

hk,npk,n
S log(1 4 Bk (1)

nESi

where ¢? is denoted as noise power and the energy Q, harvested by user k on
subcarrier n can be expressed as
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Our target is to maximize the sum harvested energy, this optimization problem can
be given as

K
P1 : max Z Z (8hk,npk,n +O-2)

PrnsS{ k=1 nest

s, Y log(1+ Mobiny > Ry Wk =1,2,.. K

I
ﬂESk

S (ehinpin+0%) >Bi,Vk =1,2,...K

I'IESI[: (3)
K

> Zpk.,n =P
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Sinst = &

StUSE =N

where ¢ denote energy harvesting efficiency, in this article, we make it equal to 1 for the
sake of convenience.

3 Optimal Solution

Solving (3) is a difficult task because it is an optimization problem with multiple
variables. Our original idea was to get the optimal solution for each variable by the
exhaustive method. Then, by comparing the energy in all cases, the optimal solution is
selected and the optimal solution is determined. However, in practice this enumerative
method is too complex. So we choose to solve the problem (3) with the following
method.

In order to solve (3), first given Si and Sf, we only focus on the power for
information decoding and energy harvesting (p»(n € St), prn(n € St)). So the (3) can
be simplified as

K
P2: max Y > (ehgupin+ %)

PinsSy k=1 nest

s.t. 3 log(1+ Mebeny > Ry k= 1,2,...K

nesh (4)
Z (Shk,npk,n + 62) zBlka = 1; 2; ¢
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If the “timesharing” condition [11] can be satisfied, the duality gap of the non-
convex optimization problem is zero. So we can use the dual method to solve (4). The
Lagrange equation of P2 can be expressed as

Lp.p)= 3 5 (ohapi + )

nest
+ Z Bral 3 log(1 + 2Bty — Ry
k=1 nES’ (5)
+ kg Bosl( X (hinprn + 7)) — By

neSP

+ﬁ3[ Ezpkn] =1,2,---K

=1neN
where = {B s, Pos; B3}, Yk =1,2,3,-- K, By, >0, By, >0, f3 >0 are Lagrange

multipliers that are determined by the sub-gradient method below.

3.1 Dual Variables Optimizing

The dual function of the optimization problem in (5) can be expressed as

8(p) = max L{p, f) (6)

and the dual optimization problem is

min
1in g () o
st.fp==0
According to [12], we can get sub-gradient easily given as
hknpkn

Aﬁlkleo —) — R (8)

ney
APy = Z(Shk,npk,n +0%) — By )

nESf

Ay =P — Z > Pr (10)

=1 neN

Denote AR = (AB1, A1y, -+ APy k3 APyis AB, -+ - APy k3 AB). The dual vari-

ables are updated as g1 = B + 5 AB, where ") denote step size. Using the step
size following the diminishing step size policy in [12], the optimal dual variable f* can
be converged by this sub-gradient method.
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3.2 Optimizing Primal Variables with Given Dual Variables

Next we will divide into two steps to find the optimal power allocation and the optimal
subcarrier sets.

(1) Deriving the optimal power for fixed subcarrier sets:

Take the derivatives of L(p, ) with py,(n € St), pxa(n € S¥), respectively, so we
can obtain

OL B ihien ;
= _Puts 11
apk,n a2 + hk,npk,n ﬁ?n (n < Sk) ( )
OL
o = (ehin + &Brshin) — B3, (n € SY) (12)

According to Karush-Kuhn-Tucker (KKT) conditions [13], let (11), (12) be equal to
zero, so we can obtain optimal py,(n € St), pr.(n € SY), respectively.

ﬂl,k . o?

* + 4
= ,(nes§ 13
pin= (G =) e s) (13)
* Pmax, (Shk.ﬂ + Sﬁz,khk.n) > ﬁ3 P
Dkn = {pmina otherwise (€5 (14)

where pmax and ppi, represent the peak and lowest power constraints, and
K" £ max{0, x}.

(2) Deriving the optimal Subcarrier sets:

Substituting the optimal py,(n € St), pra(n € St) into (5), so (5) can be rewritten
as (15) and (16)

K
Lp,p) = kzl ) [(ehi P, + a*) + Bax(ehenpy , + )
= neSk
hea, K heabf,
—Biplog(l+ =)+ > > [Bixlog(l+ —)] (15)

k=1neN

K K

=22 2 Bapin + BP — X2 (BiiRe + PoyBi),
k=1neN k=1

k=1,2,-.-K

L) =3 5 For 3 5 [Brilog(1+ "2l

k=1 nes? k=1neN
K K (16)
=22 > Bapint BsP — X (BiaRi+ BoyBr),
=1 neN k=1
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where

Fk = (8hk,ilp:,il + 0-2) + ﬁZ,k(Shk,np;;n + 62)

B log(1 + "2 "
so the optimal subcarrier set Sf * can be obtained to maximize Fy, i.e.
SE* :argmaxZFk (18)
nest
and the optimal S§* can be derived as
St =N —sP* (19)

In this way, we obtain the optimal power allocation and the optimal subcarrier sets,
and the above algorithm can be described as the following Algorithm 1.

Algorithm 1  Resource Allocation Algorithm for the Problem(3)
1 : initialize Lagrange multipliers { £, 8,,L B ;B> BnsL Box: By}
2 : repeat

3 :  Compute the optimal power allocation p,m*(n es’), pk’n* (nesS,”)in(13) and
(14).

4 Getting the optimal subcarrier allocation sets S,", S,”" in (18) and (19).

5: Update 8 by the sub-gradient method in (8), (9) and (10).

6 : until S converge.

4 Simulation Results

In the simulation, we use Rice fading channel, the number of subcarriers set to 32,
energy conversion efficiency ¢ set to 1. Minimum required target rate of each user is set
to uniform simplicity, Similarly, the minimum required energy is also set to the same.

Figure 2 compares the performance of our proposed algorithm with an algorithm
shown as follows.

Algorithm 1: Each subcarrier is assigned the same power for information decoding
and energy harvesting.

It can be seen from Fig. 2 that our proposed algorithm is superior to Algorithm 1.
And we note that as the target rate increases, the amount of sum harvested energy
decreases. This is because when the sum power (P = 0.5 W) and the minimum required
energy (B, = 0.2 mW) remain unchanged, as the target rate increases, the power used
to decode the information increases, so the power used to harvest energy decreases.
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Fig. 2. The target rate versus sum harvested energy
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Fig. 3. Sum harvested energy versus sum power

Figure 3 presents that as the total transmission power increases, the sum energy
also increases. The reason is that when the target rate and the minimum required energy
remain unchanged (B; = 0.2 mW), as the total power increases, the power used to
decode information remains unchanged, so more power are used to harvest energy.
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Also, the value of a curve in Fig. 3 is 0, indicated that the sum harvested energy is O,
this is because the sum transmit power is too small, the total energy collected by each
user is lower than the minimum required energy.

From Fig. 4 we can see that when the minimum required energy increases, the sum
harvested energy decreases.
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Fig. 4. Sum harvested energy versus sum power

5 Conclusion

In this article, we propose an algorithm that maximizes the sum harvested energy with a
minimum harvested energy constraint and a minimum target rate constraint. The initial
optimization problem cannot get the optimal solution directly, by transforming the
original problem, we use Lagrange dual method to get the optimal power allocation and
the optimal subcarrier sets.
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