Voo ullwl; Al O)lAA;: N Jl.w (B2 (swiikeo -l cul)Jl )lef (SWARR 9 (B3 (wdiheo i VY

iy s i

o oMc\.:J.:u u.:]))l?u (A u_'>‘).‘o
s i 5,1 K2l b

o (5 Breme g (Gt 1 pe gl e B9 e

OBl g (S Bpas SRl 4 oxie emes g 0l )by pes
Cubldy p e slaasld V] 29800 Connb )> e dlge 2l
byl AWET) s st (6558) il s dus &y sdas ysb 4y (g5
ooLst 085435 lbaSid 5 (SWIPT)® cleMbl 5 (550 lojan
osioyd § g5yl JUiSew WET 5 3598 oo s (WPCN)
&oold  [A] dad 0 Jhuyl (g55l oo nS 4 (65 olazsl]
& oditwyd jl Glojed g 4 Cledbl g (g5l JUSKw SWIPT
Ui gy 35 )5 WPCON (eloaSis 55 [4] 95 oo Jlo) 05,5
3 5l odlamal b o)l g o0 Jlo)) (li)8 @ eais 3 1 (6]
5B 50 odiiwyd 4 1y 393 SleMbl sla JuKw ¢ 3 51 )0 sadcuilyy
G b co,lS 55 WPCN (cloaSs [N+ ] s o o) gl
2205 (RFID)' 4lacs 5 gy jSous slaes 25l o5 (s
PF 50 Jud Slpbro 3 gyl 05l (gl )5 pismen L5l
de9 Lol (gl mile & pdle Slplie g Ll oyl sl
LYV] a4l
a8 odd 48 )5 a5 3 w0 0B A  Slpbre 4l S [VY] o
Sl @y 1y iyl i 5 039y 8IS gl HAPY o] s
I om Ol e S o Jlaoy] 4S5 gug b 56 > IS
138 o Jlo)) HAP (cly gusl 3 56 05 1) cleMbl g5l cusls
oy 5ygl8 5l o)l o SIS S el sl Giegi
2k 3y9e diee cawl 00 03litel (TDMA) loj pannits a5t
5 il Jlo)l 4 ead ool pavass ol (Sl iagh ol
Gaa b oledbl oyl gy )8 4 bl yeuass sl
e Jo g e (8,5 Jlas 3 b )5 £ ggetme (35 st
Wi b b aSed S Y] 50 ile | caelas jey — S35
Ol)_g)lf 9 u*j O Lgl)lb HAP &5 col o M)f )Jm 3O e
5 03,5 catldy g5y ) oS kel ol s Ll
5 iy sls ol S e Jloyl 1) 353 SleMbI s
3, 80as Doy G b9y ol O ol oad odlitwl oyl e
WS Syge plejd Coge 4 Gl lwg SlMbI Jlo)l gt

4. Wireless Energy Transfer

5. Simultaneous Wireless Information and Power Transfer
6. Wireless Powered Communication Networks

7. Radio Frequency Identification

8. Hybrid Access Point

9. Time Division Multiple Access

10. Doubly-Near-Far
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1. Wireless Power Transfer
2. Energy Harvesting
3. Radio Frequency
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4. Complex Circularly Symmetric Gaussian
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1. Space Division Multiple Access
2. Self-Interference Cancellation

3. Access Point



Voo ullwl; Al O)lAA;: AR Jl.w (B2 (swiikeo -l cul)Jl )’WK (SWARR 9 (B3 (wdiheo i VFY

S50 Suld 2 Jao -
& Btes cgugyd 6,3 pli oS lawgs oascuily (il elye o
BT e D e
[YY] 23,5 oo duwlxo (B) ubo cpli
P, =ntr{G QG } (o)

ol G pli )8 Sty lg ojl cops o< <N &S
el G351 pilyleS ple @ g pli )8 4 HAP jI UK

255y (6399 Ol 5| e <0lg5 03jk oy o dad Jae
2939 Ol 1 SS8h (293 ol 50> Colis 4 D5d e 4B )5 LS
(Jos jo &S odb L Jes o iolesl gls Ll ply las alayly -l
3 ol 4 )l (Jad )13, qamdly 5Pl Saahy bl
b by (295 5 @99 Ol Ay o5 $39)5 slagly
Jie (295 0l g 48y gLl @y jlae (39,9 Gy SRl L g 09
o855 ok ol ey aales (6 ke 4 (93955 Ol Oliee
298 Ao ) @l Jya> 4 pxie Cwl (S (b ) (dad Jue
oy ey silode sl il s il cla s [Y8] b [YY)
9 (39> (S Jho & (lyie o5 035 Al Sl - (6399
LYETB VY] 0,8 o)Ll 050555

Jo 5l Saslsy (dad e )18y (il Jie polate 4 cllio (pl 5
2 oM (Jae cpl 1y oS o odlaisl [YE] 5o ondadl)l  laded
oo 0 V] sl ayed Jes slmodly b oYL Ll ) e Sole
Sl () ©ygo  pli Sl (2955 9 5399 Ol datly (Je

. {77[13”,,-13”,,- <h,
nP,P  >P

th™ in,i th

)
O|93 P[n,[ “_5-\45 s J-\A 5 )ilj’b){ 9> O|93 P, O] 5 aS
sy glsl albwl By g (o5l by Gl o3jb 7 <399

255 o o (1) 4F) () 380 U o 535

» {nitr{GiQGi” 1r{G,0G"y < P, "

NLi —
B, tr{G.OG} > B,

Ao (54190 8 —£

o SIS 1@ (5551 oS (Sl ile o ]
so &y 7ol (mS) 9 SLi=),L LK ol cledbl
e cplply 29 dlode ()5 5 900 & 35 el (2lib

33)5 (o dalone (A) Bl (giluding
K
max  (\—7)log, I, + Y HSH/
7,02V} > P
st.O—)tr{S <Py, ,i=),...K ()
tr{Q < B,
ST

2 Ol basg o1 Jloyl (6551 4 Cunline ol 4 Jgl 8 o o oS
A8l gy 5B )3 el (35l solue b 5SesS Wb gl 5
ol b ilas 3 pgw a3 Cwl HAP ol (38350000 048 (pgd A3
ol 0 0jille 5 SG y gl B g gug)d (loj Egeme o Cunl (158
SRS ity Slgiie ©po &S gl 48 ) 4 a2 L
B sl g ol Case e (A) alie &S B S does g5 o el

N
..
;
-
M v
Y.y & L
Nd
] p—
uSpiol [ememimimim
h )
~
~ -
~ & .
~ N
R YooY

(6531 3y = - Ol L

MIMO 4 o5 5> WPCN Seslod Jio 1) S5

T =7 Sdo &y gwlyd 51 0 055k 0 HAP Jl)l W& 51 (45,
a1y ogs cleMbl ¢ 8 56 y0 sadbcadb y (o550 5l eolatwl b ol 8
5B by e ggezme) iuas ySlos 0y9d T 4GS 0 Lyl HAP
Loyl by T glgice culS 0oy caws Sl g g 0352 (59,8 5 9ol 3
d)5 i Sy

o)l pmple b x e O (g5l JiSems HAP gug)b 56
(V) Gk S Jo)) ol sy |y Efx”}=0 e
b cool plpy HAP by Jlo)l LB oles ST
Q) <P, o)

bogs Juo) B 5 5o By 55 oS sl ©
290 dslos (V) ko 1; € C
r.=Gx+n, (v)

2o M, g odg pli g5 4 HAP 5l U sl G, ol &S
JBw Olg 4 G g8 OlF 29808 Jd> 4 sl oigden
3B 50 (VY] 29800 s Bro ] 5 65p] dmlne 55 Yono ¢ 8Ly
25 SleMbl (L8 51 j5 anbcddly gy g5, 5 ookl b oyl )18 cqul )
J,)l HAP & SDMA (5,5ls 5l eolaiwl b olojed &ygpo 4 1)
)l)){ 5“1{ rb‘l X)K ]4.»93 OMJL\A)‘ )b).g S[ ECNX\ )5‘ .J.;J.fL;o
K
y= szsz' +z (¥)

zNCN(',IM) 9 03¢ HAP 4 i ){)15 )1 Jblf uw)l'l.a Hl. oS
)l HAP NMS@ uo)B Cwl HAP 3 obguizes LS*‘"?? Ry )‘J).g
1S o oozl SleMb] 615,008 gl o pdie SIS s b,

[VV] 55,5 o0 anlne (¥) b (i) &5 500m0 «yg0

K
R=(-1)log |I, +> HSH ()

i=\

SleMbl oyl wiby)leS il S, =E{s;s} e CV" .l 5o
sl pli S

1. Successive Interference Cancellation



Vo

25

—o— Linear model
—&— Non linear model

20

Output power (mW)
>
T

o
T

| | I I I
5 10 15 20 25 30
Input power (mW)

bt g b d Jae b (g5l Sullag (295 5 g9y Ol USS

Sl 25 Syge 4 (M) 51 gl 48 ol b
(V= 7)[tr{S, ) + PC,i] <thy, (VY)

pgd Ad & (T caws p) s Ohle udaslsl b &S cuol msly
00,05 5 g5 o pis (S L g ol Lads dliie Ciow () dlie
2,8 ol o] s (glp ¥ S 5 sasasl)

S s -0

@rjlodnd (oliin gy 28es () slp (i ol
dagilwans pload 3 5 Cul 000,85 ploul i slags)bus
2le e ol pli 8 Sdlby olg ool 77, =2 V0=, K
Ay bl (Sabgme by Jitwe Gy 4 b JUIS g -0+ dBm L
sl g Y<d <YV HAP b lp)5 adlold [YY] Sloas 48,5
ol BM &S ] Re) cul o bld Py =Vemw Saiby glusl
(29,85

g kb g Sl b iyl Saihy (pep g 92959 P Hlges
odal daldl )3 a5 olags b 0 piomed .l odel ¥ S las
w8 )S 2oL

3 S o o (las) (5 b Jao 1 Sty o S o 23
Sl 4 Aol caws p HAP buwgs sad Jls)l olg jhges F S0
ol bbd pae g (o ) Jos Jlo LI L P =—V-,+,)-dB
Do o odalie S 434S el len .l 00l maw y (las o)
SIHAP 095 blod (sl dlis (o [ Siiby glail 5l &S S5y00 4o
Cygo 50 S e odlatwl (6550 Jsl gl Jleyl LB ol @Sl
FSesS HAP Jlo)l 4l o b i po [ Siih y glasl 31 bled
oS 2wl gyeb JUB Cunsy ST 0y dales Sl g golue b
Uil & e w8 o oS 1) Jlyl ol HAP gy glail 4y (Saily
Gl a5 3 g )5 Lawgt eascuily g5 ol 2 5 o
FoS Jolgd P =—VdB (gly e job 4 il anless &4
JHAP oyl ols dolsd ol 53 dois 53 3950 gbedl & L
s 4 e il i Jolgd d cwl S P =-V-dB
g 039 gludl do 1 meST Sdlyy o oaddl ) g8 e CaumdS

L;I»)..c LS))" )i.a::l.)))bw@ o..\.udv..\x; @‘ﬁbuwub]flo ul)mﬁtb)“

SRV

o pldl g = v

g b=V ca=x gl byl adgl a3l ()
o=a+db—a) 5 7, =b—g(b—a) s ) (¥
Iy R(z,) 5 R(z) 5 oS5 Jo 1y (V) dbiwe 7=7, 9 7=7, &lp (¥

=T, Sygo oyl pé 9 b7, oy 3 R(z)<R(z) SI(f
295 1Sen [b—a| b oS S5, ¥ LY sl (0

, Q*=¥ J:b:“ S dulie blin oy 4 |, dinge olie (5
8= Y .
\—T
s A B 5 3 St sl o il et S5 g ¥ S5
IYY] Satlsy s

30 pLl ) 205 (oo uiie s cotome Altne S 4 ]
W=r
° ; (*)
V.=(0-7)8,,i=),...
Cusl (il JB (V1) ©yg0 4 (V) W =70 piie s Jloel b
Nt {GWG " \&wr{GWG" <P, o)
ntP,r{GWG"} > P,

K

P, =

NL,i —
358 b (W) prd 4 ol 1y 368 alal,
Py, =1, min{tr{GWG}.oF, } (W)

Q)?AD 4€ I) ‘\k.u.m ‘I/i =(\_T)Si,i=\,...,K )..».4;.:.»0 ).f-:-a l{ J‘->
oS oo (533l (VY)

max_ (\-7)log, |1, S HyH"
BRI V=T
s.t.tr{V;} <mmin{tr{GWG },zP,} ,i=»,...,K (\Y)
tr{W}<7Ph,,
<7

phe @l G Omme Cute i ple S (line i o) @B 15
(VI 4 o om0 9 0392 (e Caste (uayile (lise 5 o)
e (ol don 3 g oS 93 perine o Culy G Sl
5 £ A8 Cal Caee Jol 43 I Lol acgene culply [YV] sl
BB i blue J> (glp oylliwl (sl g, 5 eolatwl b g 039
sl o Gl o8 4 i b s ol o sl el o
Y JS8) o ) 5 Syl 5 (stan )5
b oalie (bgy) oL 3,5 caal gy 3l edlatel b 7 awsbe ()
(Y] 3 onedl)) s,
slaylpl 5l eslaiel b) 7 pecul (58 L (VYY) diwe o (¥
(YA]CVX 1l oo yluws I 6y 5,1k
ool 005 4N ¥ S 3 (oaloitiy pi sl Lules
Lo brae 35l 2psln Sl 3l 0353y Gl 155
@ pli 8 (Bpae 3Pl By Lpll p)5 (Bpas ply opbolis
Conl (il BB pj g0

E, :(\_T)tr{si}"‘(\_f)Pa (W')



Voo ullwl.» Al c)l.o..\ﬁ AR Jl.w (B2 (swiikeo -l GUI)JI )’9““[5 (SWARR 9 (B3 (wdiheo i \\rd

65 I ‘ ‘
—»—P__=10dB
max d
o —a—P =0dB |
max
o—P =-10dB
max
_55F |
N
T
e
o
B 50
z
o)
9
® a5f
€
>
(%]
40
35+
30
2
0.2
_e_PM:-IDdB Proposed
-8 =P, =-1048,[2]
018 —O—PM: 10dB, Proposed
-6 =P =108, (2]
016 T
0141
=
01zt i 4
] -
- -T
Z - L
01t -’ A
” -
", P e
-
0.08 e
- - - -
L
0.06 :
2 3 4 5 6 7 8 ? °
d (m)

Aols s gl B g g9y ploj panass VSIS

Joges g ggeome p HAP ponSlo (g (I8l Sl () 2 ol
FUSS ) By ==V ) dB il @ dlols s 255 ggeone
b P litl 0gd o samliv 45 job les .l 0l ppw
2 9de €5 oRIPl Carge g 395 gludl 4l d)ly sl oS
b ity 3lse i 3 sl 1S s Cins 4 obigS ol
121955 ¢ ggeme p S0 P GRIPI xS 2 g 29,000 gl
il crge o B & =Y+ dB ) Lilsdl ity eolgd 5 cudliS
bl ony B> 4 o4 90 saaliie (5o einen Sede £
sl Q2315 5 pyarme 3 sl A+ dB &+ dB I P il
Sl & alol cus o7 guld g gwgd o ) parass
ol Bl pas g (s ) Glos Juo LLI L B, =—)-,)-dB
odnliv &S job lad Caol 0l paawy ¥V ISE 0 ([YY] lad Jao)
aols Ll b 1y el il ilhl 3 7 calols Lils8l L g
5 Sl Rl 0nyS 3 (Bl (G oB e hnd 38l
(8) culpl g 2bee GRIEN Ml Jlo)l sl p3Y 55l o2
Conl guly Cpizman ool 0yl gwg)d > (51 JUl ol oles
3 390 oloj (395 gl & Sty o8 o> b) B pljEl L oS
gl S Bld geimen b oo (RalS (6551 b/ Sl 4l
by 65l s ol o Ly el ond T il el (sl

- rs O

10 T T A4 T

- & =P =10dB, (22
—g—F . =10dB, Proposed
- _szﬂdB [22] I
—gp—F . =0dB, Proposed
-9 =P 1048, (27

—g—PF ,=10dB, Proposed
Ok = == =-- - N === - == = = = = = = =

Transmitted power of HAP (dB)

d (m)
Aols Cas  HAP lawgs odds Jlo)l olgs jlages :F S

Sum rate (bits/s/Hz)

35

d (m)
LB =VdB dljl a alold sy F 5 gaemne i IS

Sl 28 ol Sl JTHAP culply 9500 gl 4 )Sails
Jds 4 &S sg0s oamlive o o pited Gl 035 eolatwl )l
)L.‘B) Ll L 4‘5‘5 s 5 u)‘)JLJ ol dlas (uw))g dy90 J»o199
Ld L B =)V+dB (gljl 4 alold s 2 25 ggemme jgel
01 e (VY] (s o) o] Bl pas 5 (s 8) (los Jao
b 1y gl g gwoyd o arasS g gn (2SS Sbm il
Ol Jlosl (g5 s 9 a0 ploml ¥ USS 53 39290 )55
Iy Jeol> TP Eye g ooy ,l,8 LQ(J oddcudldy ol ojlul & |,
TP Eoeome pdise odalie JSB 3 &S job plod oriS (o0 dnule
Lugio yob 4 0 JSb (g2l ;0 @iglds ol 35,5 (o)) Ll
BB e b slag 5 o oo b S canl +0 bits/s/Hz Ll
Oly i hgy > &5 il drg b Dgd e Job (a2
yol ol ol @Bl ]38l Sl F 5 yialS HAP lawg o Jlo)
& sl Sl diue giluJde o 538 Jao 0, Sbd s o
Pgd e o Lulyd )3 Jols g, 3 )Slas dgu0 41 joxie



VYWY

—a—M=N=K=2, Pmax =-10dB
—e—M=N=K=4, Pmax =-10dB
o |—¢—M=N=K=2, Pmax =10dB
—p—M=N=K=4, Pmax =10dB

Transmitted power of HAP (dB)

20 I I I I I I I
2 3 4 5 6 7 8 9 10

d (m)
oglize 53l ass (s Alols cans  HAP ol s Joses A S

& 5 o 1

2 o) prw e oM (Spbe e S dlie ol

ol Az 4 S g S5 Al Bl (o 5 S ab 4B S b
SiP Sy lajlie o Jas clls > aS pl s 4 s jee
@ B eldl a5l 5YL (93959 Slagly sl g W)l (las )13,
S5 Sl Je 5l i (939)9 Ol b calize (5351 il
Cr Egome (S diudn Bun b «dls pl 3 003 eolatwl ladgd
oSS g Sl (Al 4 g 03565 (30903 | dliuse (o)
g9 9 g8 S8 & olaidl ploj S 5 )8 Cledbl (5l
Jdo bl Cygo j3 &S muld LS o gilwanss 1 ookl b puidld g

ggome g il Jloyl (6550 (Bly cls > (les Jao) (o> e
b o ol 2

&l

[1] T. A. Zewde and M. C. Gursoy, "Energy-efficient time allocation
for wireless energy harvesting communication networks," in Proc.
IEEE Globecom Workshops, 6 pp., Washington, DC, USA, 2-4
Dec. 2016.

[2] G. Yang, C. K. Ho, R. Zhang, and Y. L. Guan, "Throughput
optimization for massive MIMO systems powered by wireless
energy transfer," IEEE J. on Selected Areas in Communications,
vol. 33, no. &, pp. 1640-1650, Aug. 2015.

[3] M. Zheng, W. Liang, and H. Yu, "Utility-based resource allocation
in wireless-powered communication networks," [EEE Systems J.,
vol. 12, no. 4, pp. 3881-3884, Dec. 2018.

[4] H. Kim, H. Lee, S. Jang, J. Moon, and I. Lee, "Maximization of
minimum rate for wireless powered communication networks in
interference channel," IEEE Communications Letters, vol. 22, no. 8,
pp. 1648-1651, Aug. 2018.

[5] Z. Yang, W. Xu, Y. Pan, C. Pan, and M. Chen, "Optimal fairness-
aware time and power allocation in wireless powered communication
networks," IEEE Trans. on Communications, vol. 66, no. 7,
pp. 3122-3135, Jul. 2018.

[6] X. Lu, P. Wang, D. Niyato, D. I. Kim, and Z. Han, "Wireless
networks with RF energy harvesting: a contemporary survey," [EEE
Communications Surveys & Tutorials, vol. 17, no. 2, pp. 757-789,
Second Quarter. 2014.

[7] 1. Ahmed, M. M. Butt, C. Psomas, A. Mohamed, I. Krikidis, and
M. Guizani, "Survey on energy harvesting wireless communications:
challenges and opportunities for radio resource allocation,"
Computer Networks, vol. 88, pp. 234-248, Sept. 2015.

[8] T. C. Rao and K. Geetha, "Categories, standards and recent trends in
wireless power transfer: a survey," Indian J. of Science and
Technology, vol. 9, no. 20, pp. 1-11, May 2016.

u_la>)..€- LS))" )i“‘:’l‘))’bf"‘“’d D..\.»:Jdv..\u @‘ﬁbuwubl).lo ub&n&bgtb)‘n

70 T T T
—a— M=N=K=2, P =-10dB
max
6ok —e— M=N=K=4, Pmax =-10dB |
—g— M=N=K=2, Pmax =10dB
—6—M=N=K=4, Pmax =10dB
£ 50
@
2
5,
© 4
©
£
& 3or ®
¥
20 - b
4
10 L L I L L L I a
2 3 4 5 6 7 8 9 10
d(m)
IV odlaitinr og) (sl 4l sl Gloj SSle Y Jgo
M=K=Y M=K=¥ -
M=K=N=) u*" Slass
N =) N =)
¥5s YAs Ve¥s &gy oo,
\‘/0 S \G/ﬁ S \'/\ N [YY] &>

55995 488 i 3 i Jaa Szdlsy (sl sl (s § 8
Db on yuder (6551 b [yl sl p3Y (o o

g 4t g A G SS )l ol IRl BT el
il 4 aol cue p HAP Jlo)l (6551 5 25 ggeome Jlages
ol 03 oy M=N=K=Y,¥ &, P_=-)-)-dB
s oyl ol il Bl b g e sdmlie A JS5 )0 &5 jeb olen
Ol b men e GRIBI 2 ggeme g bt ol Sla
elsl Jdo 4 &S b 3) HAP bawg sad oyl (6550 (o] slaws
3 o5 35 (9o el P S ol b Jlo) Sty
old Sl i sl el eyl sl il3al b a8 ol 3 4 oY
3950 a5 5V €83 gy o] o izt i

bogio {YV] () 53 oleiuday wia)oSl Slwloo )b (o) Sl
03> LS Y Jada 5 g dulee 0068l 93 (gl 4l gl o
s doyn &S d9d o odalie odel Cuwd 4 @l Gub .l ol
Sass S oo by I g Sl S bbige I3l gy
5 adpe O aly il b Sle dwbre s SO clids
M 3y5e i RAM cul ouds a3 Jlai 0 P =V-dB
YV GHz _uil5 13 |, CORE i¥ 135 350 s CPU 5 0353 15 GB
sk Aliane o gl (ol5] ©layd alas (1T slaws iol38l b il e
b il 9dioe s 58 (V9 A JSB) i 3 Sles doxii 53 9 003
oy 9 993 0o iy 59 s lslome )l el olass G581 L
235 o )l B el (Sllne S g i 3 )Slas Gl slasdlan
e B Sl ilodiy dins )3 Jobs 48 dsgerme (rionen
&P Epome il )3 g o3y yieS B b > 48 dsgecme
o 5aS By cllo > ol 5 ogun b 555 35 ol
gledl & g alols [l b g8 0 oaalin A S5 )5 &S jobo plen
(b Jl edie g5 LRIl A e B QRIS gSail by
Joo5 BB J315 (lise g ot B olg5 gy 4 (Jlo)l (g5 wernSTe
D)1y (S yobre (la JUS )] Lawgs osbalou]



Voo ullwl.» Al c)l.o..\ﬁ AR Jl.w (B2 (swiikeo -l cul)Jl )’9““[5 (SWARR 9 (B3 (wdiheo i YFA

IEEE Trans. on Vehicular Technology, vol. 65, no. 11, pp. 9420-
9424, Nov. 2016.

[23] M. Maleki, A. M. D. Hoseini, and M. Masjedi, "Performance
analysis of SWIPT relay systems over Nakagami-m fading channels
with non-linear energy harvester and hybrid protocol," in Proc.
Iranian Conf. on Electrical Engineering, ICEE'lS, pp. 610-615,
Mashhad, Iran, 8-10 May 2018.

[24] S. Pejoski, Z. Hadzi-Velkov, and R. Schober, "Optimal power and
time allocation for WPCNs with piece-wise linear EH model," I[EEE
Wireless Communications Letters, vol. 7, no. 3, pp. 364-367,
Jun. 2017.

[25] E. Boshkovska, D. W. K. Ng, N. Zlatanov, and R. Schober,
"Practical non-linear energy harvesting model and resource
allocation for SWIPT systems," IEEE Communications Letters,
vol. 19, no. 12, pp. 2082-2085, Dec. 2015.

[26] Y. Dong, M. J. Hossain, and J. Cheng, "Performance of wireless
powered amplify and forward relaying over Nakagami-m fading
channels with nonlinear energy harvester," [EEE Communications
Letters, vol. 20, no. 4, pp. 672-675, Apr. 2016.

[27] S. Boyd and L. Vandenberghe, Convex Optimization, Cambridge
University Press, 2004.

[28] M. Grant and S. Boyd, CVX: Matlab Sofiware for Disciplined
Convex Programming, Version 2.1,2014.

I Solsn B (wsine (wlid)lS Side WAL Jlo 3 gl gme igi k0
u‘yl}u B2 (e ..\.\f:)‘ ML.\ZJ)K J).Lo yyaa Jl.w Ny uLe(mol )9) IDL) olSuisly
BMe 3)50 sale slaalie) Sgai Bl plalio Jlo sl auge I 1) 25
2o golybe (2gpdn @hguein Slpbe l wSle el

LS))JI L;Lta)i';;‘;l.)ﬁ

olid)8 g Dlplre iz (olid)5 gblie )3 1) 355 CMuass (uomme 12 yo
osly ;3 WAL 5 WAY bl 10 iy a4 s Slpbro awdine L)
4 ol flod 50 9 WA Jlo )0 Gy (ewdize 38 ghaie ;3 g il xio
IS by 1l asyle lis) a8Me 5yg0 Sliiios sladiw) Cul sdibwy oLl

.)IJ‘) L5l.tbr‘,1m.w) 9 e s u‘).»bu ‘@‘)}bu dltbw Bhl

5 Sl wdige (olid )8 ablie 3 1) 068 CMuass (Sluo ol 8000w
olsly ;3 WWYA 5 WWVY sl 0 sy 4 Slpliee owdipe L)l il )lS
4 oL flod 50 9 WAS Lo )0 Gy (ewdize (38 ghaie ;3 g il inio
5 00,5 culd 4 Jgrdio ool ol&isly 3 VWWAY Jlo 1 ol ol osilusy LL
390 (Sl gladiwe] bl o ol oyl awdige (8 00 Hluiih eiSTen

Sl g Sl (665 «sslel sl i bl 3] 45k Ll M

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

S. Leng, D. W. K. Ng, N. Zlatanov, and R. Schober, "Multi-objective
beamforming for energy-efficient SWIPT systems," in Proc. Int.
Conf. on Computing, Networking and Communications, ICNC'I6,
7 pp., Kauai, HI, USA, 15-18 Feb. 2016.

H. Lee, K. J. Lee, H. Kim, B. Clerckx, and 1. Lee, "Resource
allocation techniques for wireless powered communication
networks," in Proc. IEEE Int. Conf. on Communications, ICC'16,
6 pp., Kuala Lumpur, Malaysia, 22-27 May 2016.

D. K. P. Asiedu, H. Lee, and K. J. Lee, "Transmit power
minimization for a multi-hop SWIPT decode-and-forward sensor
network," in Proc IEEE 90th Vehicular Technology Conf., VTC'19,
5 pp., Honolulu, HI, USA, 22-25 Sept. 2019.

H. Ju and R. Zhang, "Throughput maximization in wireless
powered communication networks," [EEE Trans. on Wireless
Communications, vol. 13, no. 1, pp. 418-428, Jan. 2013.

L. Liu, R. Zhang, and K. C. Chua, "Multi-antenna wireless powered
communication with energy beamforming," [EEE Trans. on
Communications, vol. 62, no. 12, pp. 4349-4361, Dec. 2014.

X. Kang, C. K. Ho, and S. Sun, "Full-duplex wireless-powered
communication network with energy causality," IEEE Trans. on
Wireless Communications, vol. 14, no. 10, pp. 5539-5551, Oct. 2015.
H. Ju and R. Zhang, "Optimal resource allocation in full-duplex
wireless-powered communication network," I[EEE Trans. on
Communications, vol. 62, no. 10, pp. 3528-3540, Oct. 2014.

Z. Hadzi-Velkov, 1. Nikoloska, G. K. Karagiannidis, and T. Q.
Duong, "Wireless networks with energy harvesting and power
transfer: joint power and time allocation," IEEE Signal Processing
Letters, vol. 23, no. 1, pp. 50-54, Jan. 2015.

F. Zhao, L. Wei, and H. Chen, "Optimal time allocation for wireless
information and power transfer in wireless powered communication
systems," [EEE Trans. on Vehicular Technology, vol. 65, no. 3,
pp. 1830-1835, Mar. 2015.

E. Boshkovska, D. W. K. Ng, N. Zlatanov, A. Koelpin, and R.
Schober, "Robust resource allocation for MIMO wireless powered
communication networks based on a non-linear EH model," /EEE
Trans. on Communications, vol. 65, no. 5, pp. 1984-1999,
May 2017.

D. K. P. Asiedu, S. Mahama, C. Song, D. Kim, and K. J. Lee,
"Beamforming and resource allocation for multiuser full-duplex
wireless-powered communications in IoT networks," /EEE Internet
of Things J., vol. 7, no. 12, pp. 11355-11370, Dec. 2020.

I. Hameed, P. V. Tuan, M. R. Camana, and I. Koo, "Optimal energy
beamforming to minimize transmit power in a multi-antenna wireless
powered communication network," Electronics, vol. 10, no. 4,
pp- 2079-9292, 2021.

P. Ramezani and A. Jamalipour, "Two-way dual-hop WPCN with a
practical energy harvesting model," [EEE Trans. on Vehicular
Technology, vol. 69, no. 7, pp. 8013-8017, Jul. 2020.

H. Lee, K. J. Lee, H. B. Kong, and I. Lee, "Sum-rate maximization
for multiuser MIMO wireless powered communication networks,"



