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LTE-Advanced E#|¢] A2Hl& 93 F& A2AE 9 A48 71H-& Azt AlQtshe
7ML BaFA 55 7N FEaE dugFo R, ek sl wid A Mult
-dimensional Multi-choice Knapsack Problem)2] HE|Z Aol@ e FAl 7]4+e] LTE-Advanced
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A o] Aol A o] Aol S8 ZAHE F s AEHoAE T3 Bt
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ABSTRACT

Mobile relay systems have been adopted by 4™ generation mobile systems as an alternative
method to extend cell coverage as well as to enhance the system throughput at cell-edges. In order
to achieve such performance gains, the mobile relay systems require path selection and resource
allocation schemes that are specifically designed for these systems which make use of additional radio
resources not needed in single-hop systems. This paper proposes an integrated path selection and
resource allocation scheme for LTE-Advanced relay systems using collaborative communication. We
first define the problem of maximizing the downlink throughput of LTE-Advanced relay systems
using collaborative communication and transform it into a multi-dimensional multi-choice
backpacking problem. The proposed Lagrange multiplier-based heuristic algorithm is then applied to
derive the approximate solution to the maximization problem. It is shown through simulations that
the approximate solution obtained by the proposed scheme can achieve a near-optimal performance.

Key words : LTE-Advanced, Relay system, Multi-dimensional Multi-choice Knapsack Problem,
Resource allocation, Path selection
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delo] Azgle A Yo SFAY st A"l M8 F7HE 918 IEEE 802.16j, IEEE 802.16m,
LTE-advanced®} 22 2HMH] o] 554l EF A &g A (Kanchei Loa and Chih-Chiang Wu, 2010)7} 213 =|
3 T} LTE-Advanced] ## o] A|2®l3} A7F 7H4d A|o] 7] (Coordinated Multiple Point transmission/reception;
CoMP)(3GPP RANI1, 2014)2 LTE-Advanced A|2=8l9] F8 7]E 2 IMT-Advanced®| S7AH}S TH5A]7)
71 13l =ol =]l dElo] 'S HEl g A AA X gde] AFE S g ER
LTE-Advanced Release 994 A= ATt LTE-Advanceddl] E=4E Edo] A2"S 71X 53 FA7] Aro]of
MEYPIE FASt] F4lo] Y H T LTE-Advanced Z#lo] Al2Ele] MEPI= B4 L& o]4317] o
ol 71A=¢] 7kt fA &9 A7 Bart glo] Hlg 8] H& Aol Ark v HA A
GR7F MEGAE 93] AHEHY] wiEol Eelo] A2l =9o mE ALELS HAsE] A7 AEF<
g daegol dasitt 3, Do) AlLE] EQjo % Q13 A F T4 AY ARFE A =-wT
1 ZF Sl Qo] SA7] F8o%, S B2 e} SEiit). wabs, AT TS F2AY EAl=
B o] tFojAof gt tjFE2] LTE-Advanced E#lo] A28 #d 7|& AFEL2 ALTZT H =2
A S@E 1A BT dE EH, FAEES} FARE Alo]o] Fro wat AR Y A &
ZFS 433 A E(Hamdi and EI-Khamy, 2012; Ma et al, 2009; Ma et al., 2011; Saleh et al., 2011)©] T} 17
U olgfgt AFEL A= AR e T4 A ARFES st &) el AA Al="e] HE&s

N

71E AT dfo] AlxEe] A2El HYE HUSE Al AL ARAEE Feste Ag A
& (Hwang, 2013)7} 2t} o] 7ol A= IEEE 802.16) WES oA A28l Az HU3S 13 MMKP 7]
o] 3 28 2 A2 A 7)HE AT 18y IEEE 802.169F LTE-Advanced @#0] A 2El 9]
zZy e 727} Adelstr] wZol LTE-Advanced Zelo] Al28lol 2&3t=t &A7} Ut 5, IEEE 802.16j
HE F gHo] AxEE 7AFH FA7Y HAE FY9o] TiH ZH Y FERE AREE] Wi AA 74
Qo] ARE U F (semi-static) &2 TFEF] TA 71 HE YH o7 AFRS= LTE-Advanced 2 #0] A
2dle] a2 A &3sh= Ao E7Fssith
AA, o] AN2Hl a8 S AT dFe HHE JIPHIL Utk I F FE5A 7HE V1A

= 3]

¢

= EE FAVE o83 FY TS st to|HAIE o S(Diversity Gain)= 7] & AFHIU
£ E9], LTE-advanced E#|o] Al2H2 AY &8 I to|HAEE /NA87] ¢33 Intra-cell CoMP 7|4
o] FHEA 7L et al, 2012)0] A= ATk

£ =Fol| A= Intra-cell CoMP 7]%ke] ¥ F2lE o] 83} LTE-Advanced B# 0] Al28l9] staFda A
&S AYIE Y3 5T ALY 2 A=Y EAZ Hosta MMKP BA| 2 HEdit =3 21w
STE 7INOE = MMKP FE|28 41e5S o83t B3 A 89 9 A= AE 7|HE B8 &
AL s etk

B =R 748 the3} 2t} 2 Ao A= LTE-Advanced Z#0] A|2~8lo] B 3¢l Ay EAES tf
& MAE 13 7|EsiH, 3 AoMe 53 A 3-8 EAA S MMKP A4 2 HEshs Uy
< 7]€%th J8]3 MMKP FeEl2E duEES B8l 249 24 slE Febr] fg 7ol sk rl&
gk 4 BolAe AlEHAS B3l 55 A 83 2 AR AY 7o s B4 5 AoA B A
Tol A28 deg
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I. LTE-Advanced 2dlo] A £H#

LTE-Advanced®] @#o] A28l ol Ael& &3 AN G4, $3AY 4, A 71date] AE
2] s e s =Y= o] 3GPP LTE Release-9 2| A% EFo| E3F S Th LTE-Advanced?] o]
A|22®l2 3GPP LTE Release-9 ©|X TZEY AYES 93] MBSFEN(Multimedia Broadcast multicast service
Single Frequency Network) A|EZ#H Y-S ALg3te] WEHIE FA T LTE-Advanced o] A|=HS] &
2} 212 Type-13F Type29] 7 7FA] W21 08 Urofzith Type-1 @#o] W22 2k FA717t 7| A =3 o
£ Hx9 A IDE 7RItk gEe SAVIE SHAH 7AFTE st 7] A, dHH: AE, 27
=% AR 3 HARQ(Hybrid ARQ) ¥ =14
PID(Physical Cell ID)E Z+A] &1 @& FA7]19] EAE FFE UAASHA X3it) Type2 Eelole 71A=
74 PID 2 A Ao WAAE FFgeh wWEol| $A7]+= PDSCH(Physical Downlink Shared Channel)%Hs &
& 4 9)31 CRS(Cell Specific Reference Signal) 2! PDCCH(Physical Downlink Control Channel)s-2] | o] l'd-2
AFstA] 3ty Z2EE AT 7 bt FA7Y F/FE 7Y 7 Ut FAVe ZEEZ AS T
doll wel Ll(Layerl), 12, L3Z EF doh L1 FAZE A9 AZE FZdo] AdFses
amplify-and-forward®] 715& 3313 L2 FA7IE TAIE A5 E B33 3t M43 decode-and-forward
71%5& %tk L3 SAVIE 7A=Y U2 ¥R PIDE 21 7|AFo] MHlx 3= R Ve S
Do Al AFsH, AL 71ATH FYI TS FYs] Wil HEY Z2EF o] I8 it L2

FAZ% BFAVNE 2A%Y 715 F@ AR met ATo] 2AZHE £ FY AFF WA
2 5 FAV) SRdes pag BAoE 2AE9e £9 @ ¢ . B e 29029
2 8T AT FHBAE A3l AT 2AEY NS FAVIZEE 5 Bolof HAW Y PFY

=
= =
Yoz 2AEYe) A4S BHFAS A% WEe] Ju wHo] Wa Yok

A
Backhanl subframe Access subframe

3

a NB-UE,

=2 eNB-UE,, ©

g RN-UE,
[y eNBE-RN, (RN-UE)

Time

<Fig. 1> Structure of LTE-Advanced Relay System Frame

ot
{u
i)
P
ot
u
L
offt
e
N
o
BN
il

9} o} = g o](outband relay)E TEET} W= Leol=

Type-1 Do) WL W& g9l AN 2 F7} AHESe Fo4 Yo wie} Q= P& o)(inband relay)
LIRS
=

13_'
oA s2sta, o= deols MEYAS} M2 FArt g Fuk telA AT ofxiis 9
dols ME Fa9t A2 Fa Aole] AL TSR] FAR AWE Lofo Bla] Fukg e ARG
HEo] Hojxitk. = eol= W& s} dA =Y Abo]o] ZHdo] MAsly] wEo] F JA Abel 9
Aol Ao Eel FHojok sHANE Fubr el HE&2 obxWl= "ol Hle] =T 3GPP LTE
Release-9°ll A= IWI= defolo] AHZAE si2st7] s MBSFN AEZg S HEFA= AT T
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A71E MBSEN A Bxgq] F3ol|A vt 7|25 02 FE HolEHE $4 wg + 1, ol A7) 1H4 A
< WA sl A= BelA HelHE HE 4 gt MBSFN° AL 5 Qe ABEZH Y
T AdEF A6 wet DRl SA7E 7AF 2R H4EHE PDCCHE 74 B8 4= ql7] &
o LTE Release-10 ol A& FA47]12 93 Aoz dsl R-PDCCH—% ARE-3ITE Type-1 ZelololA S238hs g
A 7IA=IH SAH7] AFel9] Intracell COMPE T3l FRE. TA77F =41 B2 HolHE Dol
AES v 71250l FL ARt FY ALe o] &3] THoA HolEE Filste] FHFAUE TR

M. 4249 3 2983 714

12.

7NE AT

LTE-Advanced®] @#o] A28 G822 A AHES 93 A=Y Addddo] tig A+ tadt
AHIZE Tk A A, shue] AE T e dEo]lE wjX et AxH &% AW FFE B
do]o] T8-S FEstr] A 718184 x| 9} SINR(Signal-to-Noise-plus_Interference Ratio) +4] 2
|2"o] &5 BAS Sl AV ALE o 288 U1 AdS 1E3 FA2AA 71 Ma et al, 2009)
T 2y A7 YA wet A= Adde] AFrt A FHojok sk ZAVF Atk F WA,
& A4S $135 SINR 76k AZE A" 7|HT} ~HE® & S(spectral efficiency) 7|5 7S A3}
2 JE 7] Ma et al, 2011)S AL 2HEYT &S A= F4olt SINRE MCS(Modulation
Coding Scheme) H|o| &0l w3l Atatdtt. 18y A 25 Hesta gt 24 9§29 2k g9d& &+
atr] wioll Al2E A HEE AsiAe F7H Al & 71l e A7 Bastth Al ¥
A, 887 A" AT HstE Az 71A=H SA7 tigk Al2E Y g 7] (Saleh et al,
2011)& ATF3tAT) o] AT Ad @S A3l vlE F3H A (proportional fairess)< 7|HEO. 2 S H A3}
TAE Aostal &a8A sF o83 dugEs Tl 24 e ekt BulE AdE 7ASH F
AZI7F 23402 Atk AdEe AdddS 44 Fdst] A2 EREE Qo HA A<
A 2 S aEste] 4TS et @] "ol Az HEE&s Aozt &+ sle
ok Ul HA, FA7] AR FF o] 83 WMEG T O] Al 7 WS et AN~ T WEHE 1
B3t AL 71H(de Moraes et al., 2012)°] A|QH AT} T} HAZ AElo] tigk 7ol 1EHEXA %
ol F7HAQ A7 Basith oAl WA, EEAQ AAAREH AREARS] QoS EAS 9% WEH A9
W E

1

N

ro
)

>~

fr ne do
ol & re

ZJo ] 7440]

A9 &G 7)¥(Hwang, 2013)°] ALFIUTE, o] AFAAE ALgAS] AR 8T Agol wek 7 e )
2 e AR $AHH 0T AATTE FASIAT FATIE AHEIE AEAY B ADANE
Deld Ao MEYS o §3 ANVFS Sl MEYIY TES ¥ 21U MEYA) AU
G 27l FAZ} Saste] AN s ALE TEHA 97 wEe] Axd HeRe AUHE @

~

wo| £t Xt

[Ho
ot

oF O HE MEH

o X< [ S |

2 =wolA i AstaAt sk EA= Type-1 IME WA 0.2 F25h= LTE-Advance delo] A 289| &t
FF A AP &S HAislete ZAolth ol & Hal 71AFH @ Aole] AR e Addd FAE Fst
o gt £ =&dA 1#s= LTE-Advance B#©] Al2~®l B2 <Fig. 2>9 2t shue] 7|A=
(eNodeB)Z+ A/71] FA7](Relay Node), V702l T (User Equipment)S L& 3T} 71X =2 TdolA 2H

214 OUAFTSYR=E 7| 173, M6=2(2018H 129)



ok

o3 S4lS 0|8% LTE-Advanced Zzfo] AIARS 93t 5t&Rl3 Sat Ateldd ¥ 228 7Y

dolElE BilAY EE FAV1E A4she A28 £o told A4 $AE 5 Aok AR=H g Ao]
o HolE A4e shtel ARE FAML +UY 4 UL, LTBAdance®) Typel deflo] Azele

non-transparent =.E=2 5’5}3]'7] ol 7IA=H A FAS TS fle wdo] EA4%T. Zy ¢
el 7t glas E5L shte] o AT AREE L, St &5

(bit/resource block)-> CQI(Channel Quality Indicator) {192
= A}ou MCS aﬂﬂé/l 01‘3—17\9} 5%}:} MCS #Ee] 2l

7 < ol AT volEe
AAE CQl Y2 $4l wEs} A
g2 59 a9 oA WekA Ptk

<Fig. 2> LTE-Advanced Relay System

TAS AHESHAl 9 LTE-Advance R0 A 28l9] st = Aele Hthsle= 4 (D-(5)9 2ol &

M+2 N
max ¥, Y, R T (1)
i=1j=1
st x,; €0, L1, M+2], jE LM (2)
M+2
E.T“—l,,je[L[V] 3)
N M+2 ¢ T
(Tlﬂju + E Z;v . ) < RB,, 0w (4)
j=1 1i
N M+2
E (TZJxQJ + E rzszj < R‘Ba(cfss (5)

ji=j,..,N)& B2 Adxg ou]d, 71%1%4 o Atolef A3 EN 2 ““1‘3]5'-94’ owli%ﬂ

FollM FE = 7] f2el HE FAE T AFl= i =12 o8I Q=G AE T AFoA
=22 FEHAT 2 )9 R,E 9 j7} gite] @73he B dlolE HAEEo m R & 9 j7}
ofd AZE A= B Foloksy] wlel A& Adlo) Aspel RHEth 1w AR Aol B of
A g2 0 B 19 g2 2t 7IATAA @2z toly dEe shte] F2we o848 5 7 o
2ol 4 =

GolA B2 2 Eale RE AR o] U@ 1,9 F& 10] Ak £4 R 7} 54
JOUA HoEE W4T u) Bad e B2 50Tk BB, BBy, & W&} M 282
oA AEE & olE Has BRY Ao 58 U T,E 2las B2 SE olasiel 41 i)
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Step 1. 713}
A0, k€ [1,2]
P—0,k<=[1,2]
vy 0,1 € [1,M], jE[1,N]

While (€ i, joll t3}4) do
7ARo FH& vuste 7HE e AR 9 g jAH
v R—e || G 7FAGE F e AR 9 HelH dAFsE 275

if (59 49 B2 EASE A9
VI e e
g <—¢e e
end
Le—argmax(v;),jE [N, i€ [1,M | GF jo 27NE= 23

j AAEE BEo g A AR pLRAL

hY hY
1 2
P E T[/J/ BB ygpaus Po<— E TI/J/ BB s
Jj=1 Jj=1

Step 2. AlFx7A $utk ¢35}
K =argmax(P,), k< [1,2]
For (j=1:N)
For (i=1:M+2)

KK
0,5 = v[ﬂ 7 E /\k T[,] Tij /(ng*rij)

§ VA A 8 e B 9 AR /Y
).

o~
i'j =argmin(¢;;),j € [1, N, i € [1, M]

)‘k-'(;/\k’—i_(sj'j’ /| B2FA 5 784
PP — (ry; | W) + (1 | W) j RAE A2 Uitk A AR A g
i | T jo ARE [E {07 WA

Step 3. A% /MA
For (j=1:N)
For (i=1:M+2)
FO1E ARE 2 WANE Agzde nEITd )

(S..:q}..—q}.
i Lj
R R o e ER

i'j =argmax(é;),j € [1, M,i € [1, M]

PP = (ry; | W) + (g [ W) | BAY AR E A a2nF A
L | 2 j o] BRE 15 2072 WA
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AR iol W3 o 7 AT AE F 7P A ghe g 9 ot WAEE AR S s B2
7S ARI 2718 DANA 7P wlolE AEE0] w2 BRE 27] ARZE ARSI wiEel dA)
dlol8 &2 ol 7P =2 Aeioltt mEed A4 Aege A2E T3 AEES] A/ W HE= g,
£ Adste] J2E M3 A2E WAT dE 3 AR o] A8 HYE 5,8 o838t BagA a5
= YUlolE 3t} A= Y W7 shal WEY A0 AlFRd Y dA A0 Akxs Fjlst] 24 9
g ghs} 9AE whEste] ST

AR e A e A HO 7] Wl AdEEE WA Rohs wEe] EAT 4 gk 4
o] ALTYE WA Fdh= A5 B Hsl A AREFo] 00]aL 7HA|7E 0% HE AEE =Yt
Aotz ghst dAlAM AEE ¢ JEF S0

Aok it &3t T Y F AeE FAREG 5L JHHE THAEA BE2 WA Al Algzds At
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<Table 1> Simulation Parameter

Parameter Value
Center frequency 2 GHz
Channel bandwidth 10 MHz
Transmission mode mode 1
Number of base station transmit antennas 1
Number of repeater transmit antennas 1
Number of repeater receiving antennas 2
Antenna Gain of MS(Mobile Station) -1 dBi
Maximum transmit power of MS 7 dBm
MS Altitude (antenna height) 2m
Antenna Gain of RS 8 dBi
Maximum transmit power of RS 20 dBm
RS Altitude (antenna height) 20m
Antenna Gain of BS 14 dBi
Maximum transmit power of BS 27 dBm
BS Altitude (antenna height) 20m
Back-hole subframe rate 5/ 10
Access subframe rate 5/ 10

AReA FAZE 71A=T oF 400m Aol AXBHH 6o FAVIE VATS FHOE AKA4PoR
Fe| 2 X sl th AHET SA7] Atole] AglE oF 400molth. ©Ee] vixlE= 7]|A=3 900m A ool
F29 2 ol Age 9o £ 9, 18, 27, 36, 45 F7F A171H WAk @ 7) 45702 AlvEl L
oA 71X =3} Tk Abole] Ag o wpe} wixE Hot v EEE <Fig 4>9F ZU} <Fig 5> @ A4
H3lo| w2 A ~Eo) A2]&S YeElH Exhaustive, MMKP, LQB 712 A%& nlwsiich Aol AL
H e o ol me Zh2F g2 s/l Adel s A A gre] Hiolth e £t 9, 18, 27, 36,
45 ¢ W LQB 7]H-& 20.8 Mbps, 21.6 Mbps, 23.8 Mbps, 25.6 Mbps, 28 Mbps 2| A5S 2Tt MMKP 7|
& 22.4 Mbps, 25.6 Mbps, 29.6 Mbps, 34.4Mbps, 37.6 Mbps2] 452 2o LQB 71l Blo] Hd 596 Mbps
T e B, &2 47t 7SS LOB 71l v 73 AeS Btk Exhaustive 7|2
23.2 Mbps, 26.4 Mbps, 30.4 Mbps, 36 Mbps, 39.2 Mbps] A5< Ho LQB 7|HET B+ 7.08 Mbps =1L
MMKP 7|2} F¢ 1.12 Mbps 52 A%S BAth 23 A3 MMKP 71 & Exhaustive 7]% o] 33 A
TS Btk LOB 7IMe A&7 AR E Hi WA =HA @7] il E&A Al A & gl
ol MMKP 71" 7} Exhaustive 7190l H3)] W2 F5S Btk FHFAE o8 49 MMKP 719 9] A
55 232 Mbps, 26.4 Mbps, 30 Mbps, 35.2 Mbps, 38.4 MbpsZ HEHFAS o] &3l7] ARt} g 0.74 Mbps
o] A% s ATk

2
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<Fig. 4> Terminal Distribution based on base station and <Fig. 5> Comparison of total system throughput by different
terminal distance schemes, ie. LQB, MMKP and Exhaustive

with/without cooperative communication

<Fig. 6> TA7I1E 7473 dlolElE 4 W s 4% £4& fd8 gd2ES 71457 600m ©]/d
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<Fig. 6> System throughput of terminals located 600m to
900m from base station
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