“Grmlw g (Sog Sl wodlay” cole o pis
NY-IFR o AFAR s ¥ 0 ylad cpoiod Jluo

£y

RN —

oo

9 JUUS 33 sawasi ¢ 9,15 Aigm plgi Lawadts (s jlwding!

9508l OFDMA sbasuis 40 i owass
Ay . . #Y g . . \ N
Reopligd domdo o (U (fog (ol (o po o0
Jals o Biils (6,55 (g gamdsls =Y cdalis o8 ke Ol sae =Y sl AR50 Al (g gmiils =)

QAMNNY ol QA VRS 123l )

ouuS>

L o55eals (Glplre el S g9l 3 JUB jo 1, pls @50 Ol pavass 5 JUIS 15 paeass )5 Sy ale allie 0l
B ey 0550 y)S o Jlo )l Glg 2STas o) sgaze (2,8 L 5 (OFDMA) sslaite (oudlS 15 ot S0l 51 (goio0 0
C/_PL._.»‘)J‘)Qwlu\.\mﬁswﬁ.\uyﬁfJﬁ}ﬁm&s)wmgéw@oébuh..\.DOLSA
b ogi o a8lol Gon ol 4 aigje Oile SO g0 50 g oad hlule, alis slb piie (o9 At b b o] 0ged J> BB
(D.C) oz il g0 Jolis & jgoas Bas mli v Jo sl coles)o 098 redl ol Claz ;0 b st cpl (jogs diS
L el )jé ul.:l_w d}.w‘sn J.> 03 Lg)LMm.)Lu aliiwo [ISERC ‘5._1‘)—4 allo G.JJJJ U"‘s) )| oolawl L: O g 03 ‘SM.J}))I)

WS oo Jol 1) s 5 VL Slosle (Soummny Jood L 35290 0ul &l (sla Sl 4,

ol 13 4S5 oy 9K0dl slaaSis (g g JUIS 1 Lamasss « )l Wign alius (0 51guuds’

ol et s BaSd ol o o)l slaws (aalil e Jlie S5k 5o
5 5o 5 Wbt (il wleas ) oolinul sLolis a5l
3 Ole Cudgasme 5 (iS58 0l Sliy Cudgase (izren
el Jlwe 4 (2955l ol Rl Cge K0S 9
V] el sos Jolow ain sladaSds ;o puw o &l pbe
Sleslaiwl mols 8l o, 0,90 0 cad plodil sl s i
Slagbsy G| 45 el 5550 ol S Jsbo S bns
5 00 S Flpl e slaaSd gz ey 5L 5 Sledlbl Jols
1 stadln ;3 oS 5l 4 %ol (sl s pulie
sbiieary olaSal, @l o LIS (e a4 ol 53l Lo
o G g Sl (65978 Ol 9 Wb sl @lee 5L oolinul
53 Ol Sledbl JLEsSl 5 5 4 (59040 53 (2l
=l sla gl jocbls valgs sun] Joluw dix slaasss
slaased 0 gl pavass divs (pgas ;o ook Sl
Slallas ol jo acwlons asizls y snoe s Sl
Lo sl JUB ) 0ols Jlo)l gz 4y ity ilizee slo Sl
#3355 Gl e (liSe Blaal (rizes g gug
S5l )90 e St O3S S-S (JFIS o e aSs

doddo -

g olyod 85 Glp)5 (938059, Gl s 4 3t la Lo o
SLaaSd dngi (eSen (ol slaass slacysgame
950 b loollinl LS 50 ol )3 &5 eals Sl ke
SLeolil Jidgy 03guze )3 i 9)50e 4l ol (poiz
e jl0 395 40 Su35 IS (B0 g e 45 S Lol
ol o el a8 5 18 Sk sl Gl b addle
S0 3ok S @ alols Jds @ Jsho ad ()5 deasid
a2 |y et (Bl s S (Bee (Sadoze Sl
Oz g Dlead CoaS 0 YU sl Ll cpl jo aS so
sladsho (95 2 )5 5l dws (ol S5 aSs )L rals
OPSU oo Dl pbe (Jobo (sloaSed 0,5 (o0 )15 Sz5
P55 e 2l Lo 35 4 A e s ) s ez
bl la iy aiS oo (s g Jod g 1 ] 095 ilie
by S90S (Oly Cudgazme 5l (U daaSid ool (b 5o
Sl I o ol el JUS i g 55 052 iy

akhlaghi@shahed.ac.ir : Jgtue oot 55 asbibl, *



YA 5ol ¥ o louds pidid Jlu & (g mlw 9 (Soig Sl widlay” colde a4 pld

WA

Cmd b AlBAS pgas pe (GoaSl b dglie jo aslen U ailass
=2l sl e jo jshaie s 4y ailed ool (6 5L ilies g
((HetNets) oXanls sloaaS i yozod (ool ;08 slas,glid
AR S .
Sloihy) 9 pehie (o295 iz (639)9 Sz slads 2
LoaS s ol jo o 3,50 (MMWave) VL;)_:A‘_“_LQA
2 ol (528 a5 U Jeosiad o oSy Jois o o S
Azl §0 9 0 oo Wl b g Sle 4y (695,59 00ls po> yialS
VT 3900 Jol> 6 5VL 6551 690 00 9 (el 5h90 2

3l 6 yglid 5l 5 Byt o2 Sl e (glaailelis o
sl oSyl 4y aylise LS Y £ b ool Jinl caga cond
o=l Gz oo 48,8 Ly o Sl 4 aS wed Jate cunlie
Ol dmue Sl slaallals 0 08 oo €S s e
Ot 3o 5l s s A Lo jls sy () S sl OB
S JULS ;5 walizie 4l slaolKim! 1o o930 ol sla JUIS ;5
s alin apas egy 0l 51 i peSe Jlis o 1) cenlie Lyl L
S Sigm (B sl 09 o0 plwl S s (Jolw o S
‘:M..M:}a 09gdo 4O FLGW LS")J)[S 6‘)‘ 6)3M4)‘54A L
39 ot S LS Agn W le 13 il o] Sl iy
S5 ilwdolaio 5 6551 690 0 il 9000 Olie
S s kS il ppizman S o Lyl a5y agly (cloolSiny)
Er S Lz w8 o 38 o] 55 ol 2 coateine 4l oK)
Se 4 s Ol Sl 5l ol (psRenl 4l S 3 )8
bsgs )5 eongley e (JUB 25 e g5, 2 aly oS
)" ] Q‘ﬁ)u 4z é:l.m ua....a;:? 0970 (e g 4414 olil.w_l‘
LS g it slaby) ey 55 (5 ke DS o)
a3 s el sraSes s [AY] ol plosl > 4o
k)|5_’ )..5‘..\_> > LSAM.A.A ).,)lf 6‘)" dul) oli..m.x‘ uL’?v_..sl du)&bl)
O55eals slaasiss o Sal, ol Lol .ol (Max-RSS)' il o
o bsg ;S 5 b g SLo syl (g3 ST |35 s anslin
5 3551 s oKl Wi bl & 8 it hleS 4 e
Lol (B,b 5l o sales aSl )b (il co 4z o
sialgs Aol )L o)) )15 a0 Sless &8l pae gz 4 S¢S Al
el s ol STam 08 LS s oIS 0l b ablie gy o
Gl an aiejls o)l LS ol jo aS 55l e eoliiul (5 Sl
Gob ol 5l e U sl SiarsS asly gloolSiay! b wigey
Syl Coledys 5 (BOmg e Sk g S g (Sl
TAT ols slas )l 1y asCils

oo slgiis ) LS Wigm jle blette b 3] & e 4o

2 Massive Multiple-Input Multiple-Output

% Millimeter Wave Techniques (mmWave)

4 Maximum Receive Signal Strength (Max-RSS)
® Biased User Association
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! Fractional Programming
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4 Non-Convex
4 Successive Convex Approximation (SCA)
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! Channel to Noise Ratio (CNR)
2 Karush Kukh Tucker (KKT)
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! Back-Haul Connectivity

2 Co-Channel Deployment (CCD)
® Multi-Association

4 Channel Faiding

® Frequency Selective Channel

® Flat Fading Channel
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! Mixed Integer Non-Linear Problem (MINLP)
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ABSTRACT

This paper investigates joint user association, sub-channel assignment, and power allocation in the uplink
of multi-user orthogonal frequency division multiple access (OFDMA) of a heterogeneous network (HetNet)
where users are subject to maximum transmission power constraints. It is shown that the underlying
problem is a highly non-convex mixed integer non-linear problem. To tackle the problem, the integer
variables are relaxed and a penalty function is added to the objective function to make sure that the relaxed
variables take binary values. Finally, the objective function is rewritten as the difference of two convex
(D.C.) functions and the resulting problem is addressed through using the successive convex approximation
method. It is worth mentioning that, to the best of the author’s knowledge, the problem of joint user
association, sub-channel allocation, and power control in the uplink of a heterogeneous network has not
been addressed in the literature till now. Simulation results demonstrate the superiority of the proposed
method over existing works in terms of achieving higher throughput despite exhibiting a higher complexity.

Keywords: User-Association, Subchannel and Power Allocation, Heterogeneous Networks (HetNets),
Uplink Network.

* Corresponding Author Email: akhlaghi@shahed.ac.ir



	Blank Page

