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Student : Tsung-Han Chiang Advisor : Prof. Jyh-Cheng Chen

Institute of Computer Science Engineering
National Chiao Tung University

Abstract

In recent years, proximity-based applications have become increasingly popular. One
of the major purposes is to discover the devices installed the same applications such
that information can be exchanged between these devices. Some communication
technologies, such as Bluetooth and WiFi Direct, can support suchapplications.
However, there are some weaknesses such as short communication distance, low
transmission rate and susceptible to interference. Therefore, the 3GPP is now actively
discussing on how to provide proximity-based services (ProSe) by using LTE. How-
ever, the throughput of cellular users will be affected when a large number of D2D
users join to the networks because of the limited spectrum. Therefore, this thesis aims
to explore the impact of different number of D2D users for cellular users. In this
thesis, we propose an effective algorithm to solve this problem. The simulation results
show that the proposed algorithm can guarantee the cellular user’s throughput to a
certain degree. The results also indicate that the forgetting factor has a significant im-

pact on the fairness of resource allocation.

Key words: LTE Direct Communications, LTE Device-to-Device (D2D) Communica-

tions, Proximity Communications, Proximity-based Services
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] 2 Direct path mode

SGW/PGW

B 3 Locally routed mode

LTE ® #3€ 2 (LTE direct communications » LTE Device-to-Device Communi-
cations » LTE D2D)" £ 48 154 1 (Proximity Communications) =i * # fl ~ 32 7 2
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Long Term Evolution (LTE)&_% = & i¥45 2+ % (3rd Generation Partners
hip Project » f§ £ 3GPP) &2 e s wirsm 2 ke chdr— Rl s iR » 2 iR
E_d Universal Mobile Telecommunications System (UMTS)iw it @ % » &% &4
%> 3GPP Release 8 - # 4 & P {5407 [2] :

1. ®3F 2% ?ﬂ‘:i@@?lfﬁ (Peak Data Rate) - 2 7 s & AKX #3 3 .ﬁ“\.'rﬁPRﬁM%

oo Blde AR GE ~ (TR RARE > Y A 20MHz g R P A dg i F T

i* 100Mbps » * @ 50Mbps =% 4 @;ﬁi;lsy Ei
2. "E it B W 4 G gyl A (C-plane) it & fe i * o5 & 5 (U-plane) st &3] -

& G mﬁx@{#ﬂ UE j¢€_idle & dormant ;& 35 *» %ffﬁ | active 7k fi o1 7= p i

B?fﬁ'? » 2B AR p RSk idle kg 7 3% 31 active K fs HT - cpE P RE T 100ms

I27F > K- dormant sk s S 3 5 active ik g rie B e PR T 50ms T i

* =k o mbi@ajﬁ 7 oldt e 8 _UE @ﬁiﬁf' 17 oo e e ¢ PR AR R ag (Serving

gateway) & F_iE JR 7% i 1E @;ﬁif]ﬂ UE #7i= 7 enps i > o i A & d PRI 5

F(QoS) %1 ik
3. it FREME g T iR UE 1?1‘*’:&?&3‘1}"1@6%%%@&5%
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Lo
4. FANEE VAN E < ) IR E o B2 F] 5 &% OFDM

e LTEV £ 14~3~5~10- 15 2 2 20MHz 9F % o
5, AHEPBFHER:PWFI R EHF T pre-LTE il > bl4r 1 GSM ~

UMTS » 12 3 non-3GPP eh4e % » &)4c @ WiFi ~ WIMAX » LTE # % # 3GPP

PFgfonon-3GPP A FF & T HJEUE L it do i o

N F e iE > 3GPP j¢_Release 10 B 44 2_## & ITU IMT-Advanced 3
$ e LTE-Advanced (LTE-A) - 3| B % 5 1k » LTE-A @ 54z24%7 ITU IMT-Advan
ced @ £ F| ITU-R et 7 K o 4p >0 LTE 0 4x4 i€ i $jiF » LTE-A 2 MIMO
P& Mo Hr o % B 5 8x8 MIMO DL > ~ %&{8 BTEgE oz 4

x4 MIMO UL >~ 3£ 2 4 it @l eniv 4 > 7§ @i 57 & 7] 1Gbps > 1+ @
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f@ﬁi%J%ii Z v 1% 1) 500Mbps » 3 # » #-% 4 » Release 11 7 % f;}é@ﬁ%lﬁ\%#vj(Co
-ordinated Multi-point Transmission » ¥ CoMP)£r 3GPP Release 8 *fj= v i
@?J(Relays):é e o

2.2 LTE s st 4

LTE # <= &4 5 = %4 @ Evolved Universal Terrestrial Radio Access Net
work (E-UTRAN) %2 Evolved Packet Core (EPC) - EPC & 2 IP 2 A #n % &
FEP Rk R EYEF T L AE - PR ? B LE (7 3GPP g2 2 non
-3GPP e j:[5] » 4 & & d # &= ¥ 3L F 48 (mobility management entity - MME -~ &
7% R i (serving gateway » S-GW) ~ #icg 3t = R i (packet data network gateway -
PDN-GW) ™ & §Je* = 7 fR % (home subscriber servers HSS)#rie = » f # # &

72 (mobility management) ~ X ¥ ¢ I (policy management) ~ % > |+ (security)
% # i ; E-UTRAN ¢ £ 5 evolved NodeB (eNodeB)- i ~ i*[5] » #-& » & UT
RAN ¥ NodeB {r & st & P F 4] % (radio network controller-RNC)EE & % — 4= >
fF AMT T REe R (radio resource allocation) » #7id 4 e i3 B g » Tkl 4t & ¢h

ﬁﬁ%ﬁﬁné °

Internet

3GPP EPC (Operator's IP Services)

eNodeB

eNodeB

4 LTE & & % £

23 LTE @44
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(OFDMA) i ﬁ%];btﬁ% » 2 1 /1 70 Time-Division Multiple Access (TDMA)[6]4+
Code-Division Multiple Access (CDMA)[7] & ﬁ%ﬁiiﬂﬁ o A f B 7&{? e
B3t cCDMA TR Z 2@ * F R R 41* 7 %8 @ TDMA &k
BPREREY LR i —"ﬂ‘ AR B (T @ﬁig?l ; m OFDMA v3F 5 i= ¢ * —"Ff e
%ﬁ@?nkﬁéfﬁéﬁﬁﬁwkiUEﬂ’?%%ﬁmmeWwwwMWm
A i A ] m’;fq‘iuﬁ,ﬁi%lﬁ o T - BFRFHAT S R F R o
FDD-LTE[9] & & » v & — iP5 f§ (time slot) &2 i e 12 @ 3 §Lik #re = > @
- BF PR F LG I5kHZ £ - 5 A7 R SR Tk ST hT R R SR [10]
6 27 OFDMA @ g /i T fie F B b 45 4 (2 * & o)+ o

PRB
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TE # * Single-Carrier Frequency-Division Multiple Acce
ss (SC-FDMA) i &5 C A& i Fl 4 OFDMA i# % £ 4 Peak-to-Avera
ge Power ratio (PAPR)FR 4Z[8] > #i % £ ﬂ‘ SR
Z i Fxx g o m SC-FDMA % OFDMA 3F 7 3844 3k A s PF'FEL’E’)? L e

PAPR > itm 2t £ UE g s i@ * pFRF o 2 d *?Ef;‘ﬁ»?ﬁi}%'fi’ (Fa *‘[5‘ PRy i
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EFBREFRINFTRFHRAMRG —iﬁw P B E 2 Bl a s R
eNodeB & Jf & 4rif & it * H #4715 TR F Hom R & 5k (radio channel
condition)[12] » #l4e ¢ & LTE * f74dE 7 » & ig * 48 ¢ 3 32 470p) 54 5L
(Sounding reference signals, SRS)> * % § ¥i i & 45 %,E%»(channel quality indicator »
CQN» 2 ERBPITFEZAIR  2F T §+ 5 LBFFTRAREIF-HLL
gtk o A F B TR EAT S T E L9 2 %2 %48 = 5 (modulation and
coding scheme > MCS)i&-3_» @ 3 % 22 %z = N 2 d if 5143 % %8 Hit(adaptive
modulation and coding » AMC) i 5 3L i 1 i #74- Z o FIEE & * H 4 50 R R b
CQI ¥ - ZH R W™ R ZRRF R B J0 TR

User Equipment eNodeB
¢ e \I
( Start (every 1ms) ( Start (every 1ms)
h h 4
Check Packet Queue UE Records Scheduler
FY
h 4 h 4
Update Info Priority List /
- Y
—{: ls allocated? Allocate Resource Blocks
Y
v v
N Transfer Packets Inform Allocated Result
h 4 h 4
Ve B el
L End \ ( End

) 8 UE - eNodeB = #: ;i 4215

)
B8 A s BprEH UE freNodeB 3 # /542 B " UE ¢ &% BRFFH & 4
FRFPFHREDE Aok FHREEFBEEL reNodeBF 50 FHE
9

;’]a

s



lm\’

ZRERBERFEEEAL - B RAFR LR CH RS R L H F’“ﬂﬁpﬁo
FilRF Ao B3 UE 0% L RELFRFAC = 2k I3 > Rifd
7% UEfe® ehi % » UE € R A I F R w0l 2 E 8 0 82 %5
TRPENTNGENTRE FE G UE AR RRETTREL § &
TRERRL LA - K B 0 B DR KA RS L o

FTORA LA BEL P rTF B2 CRound-Robin £ FTiE B 0 2 L 0 e

T PEFIF B S
3.1 Round-Robin Scheduling

Round-Robin (RR) 55 &2 8 5 L A cnFig i 22 - > v ¢ Winpe s F
LRSS Vo o B RN RS b & b

-
RR £ 5T 5 i & ﬁawﬁ EE IS

A E C D E
Time Eequest Transfer Eedquest Transfer Eerquest Transfer Eecuest Transfer Eequest Transfer
0 4] 0 0 ] 0 0 0 0 0 0
1 100 100 0 4] 0 0 130 0 X 0
2 100 0 0 0 140 100 260 0 40 0
3 200 0 10 0 110 0 290 100 0 0
4 300 20 20 4] 180 0 420 0 s8] ]
5 280 20 0 A 250 0 550 0 X 0

%] 9 Example - RR #3155 & ;2

R RMEA A 1000 3 5@ * *A-B-C-D -EA®BLT B
L& £ 100-10~70~130~20 B F iR 0 m B A % 3 BRER B B 4n 8 Ko

cB AR g MRS AT R - AR Rae R R e U AT R
N Fo A GREEER T FERAGERPT REL T BT BT - R
?ﬁ%%ﬁﬁ’ﬁﬁ%ﬁuﬁaﬁ$/3$:ﬁ%ﬁiﬁiﬁﬁﬁj%%iﬁ%
% g #L’Tf@;%ﬁ&gz‘yzgngwﬁj— FEE A AARNA SRR
270 LBEA AP R LR FDTRFAKE D TARER A
B P Tt Chy s BREFRC GREE T R R DT R
FeH THERERLART A DRpRE AR H By BREREER L
FRoTREFCEFZROB S RFEI ST BB §ARARIIT AR
hEEREETEMF R a2 & o i@ " i throughput © Flp RR 5L
B Fh meape Y W o E ST R ER
L SERREVvsIRIAET - e dab|F 9 o #% F B FEI RREFF S
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fel -t § BT RBH A CEPRE R F 50V R Y ¥ B
& * 2R

3. i ithroughput : RR 517 52 ¥ 23 ¥ g I 3 S ehfiin > Ft ki
shthroughput § 15 i & 7 Eenig * @ < 34

3.2 Proportional Fair Scheduling

V] N o T R ST B F (proportional fair scheduling @ PFS)£_p 50 & LTE ¥ #
BRI FURE E 2 - U EF &Lk e throughput sle PR & AT R H ﬁ

3G - TRRRGPRAEER - [12]8 rf(f) LA P LR R F il F
R e B b’ﬂ‘iii?]ﬁ?@ﬁ%liifﬁ e () TR AR LR, RT R E A

C
Cﬁa%_‘fﬁéé i I XS = 1R A F 0 AT R TR
- Mol L rc(t) SRR S Aok B AT() 7 PRApiE o 4 %};{fé BT
FH*rThwEhcBEDRELE 25 40T ¢

FoLO ®

29 Ri(t) &&EZ MBS L RYFTPIORRES o g X505

Ri(t+1)=[(1-p)* RO+ [B*1;(D)] )
Hd B &R R+ (forgetting factor) > m(6) 5 # * & 0 pri muwﬂ‘ o ]
Jl,l. y L f;lj‘\ \_’L;}ikfr/ﬁa/zﬁg ‘/)gjgpig‘mg Jfa'..gir»'r :
max Y,; Y x; (£) A (6) 3)

ik P oo A rf(e) mai o s fj*u%'gi i F FiRwAC
“rivE P @R SR - R Bt 27(0) BRI Ri() ol o @i
B3R » i ok & A SC-FDMA @%J«ttﬁtrﬂ AN L A | ﬁj HHE Fen
FTiRF RG] o 10T LG S T RST B E s fe F R R Bk
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A B C
Time Request Transfer Avg. Rate Recquest Transfer Avg, Rate Recuest Transfer fAve, Rate
0 0 0 il 0 0 1 0 0 1
1 100 100 100099 0 0 1 0 0 1
2 100 0 990.9601 0 0 1 140 100 -
3 200 0 B1.070299 10 10 100.99 110 0
4 300 0 971.2595% 10 10 199.9801 180 0 9B1.070299
5 400 0 |ieeusal| 10 10 |20798w0| 2% 0 |971.2505%
D E
Recuest Transfer Ave, Rale Recuest Transfer Ave, Rate
0 0 1 0 0 1
130 0 1 20 0 1
20 ] 1 40 0 1
30 a0 900.99 60 0 1
430 10 H 20 80 800.99
550 0 $52.060299 20 20 9929801

¥ 10 Example - ¢ H] 3t o T pLETE 6 2

eiTEH|F ¢ 0B %009 & ll%Bi‘F'“%h"Lrpa%?*—*Z—*rsg HE o g
FookiBE e 2 BERTHUEES LI LIRS F,@ T B R L
ARCIEVECINE A SR IR 5%_}%3 E A IR %i@_ » H A s d ’555
il kB 1K o

HFEP g3 PRET XB %= BREFEAFid § &2 73
fa miiﬂf§¢%~ T hoMn RARESE TIRFR I T e R X ;
Birit * FE G KRB H W@ * F0odes FOWE fy L Fiso

Flot R R b AT R B Rkl TR RS o fle
HF R F A @k EASC D4 -

3.3 Proposed PES with Boundary between D2D and

non-D2D Users

BEAROL ]38 O T RTTF f, oL e A = i * Aty D2D i —‘ﬁm
¥ ¢ ’ﬂlﬁzfﬂﬁ_%?%’{" < ¥ D2D i %ﬁ’ﬁ »J‘:%ﬁ‘r.?.#‘»ﬂif’cellularfé?ﬁ?
FoBRREREAAREIITRRALE B F L0 - ke T R
'37\,)—(\];’—;11,(. lilj \ _I;fikfl'/ﬁﬂ;z s ¥ R K kb l/)'"J)(\‘ \l#kfrlﬁﬂ/z‘%ﬁ n':‘n} 3L

"RES fA "%TZ“L B - RARR GPRIREF 0 T AR Mg B
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1. Select D2D users to schedule
. Calculate PF metric value for all D2D users on each RB

3. Allocate RBs to corresponding users. The maximum amount of assigned
RBs is (1 — «) * total RBs, where a is guaranty factor.
Select cellular users to schedule

5. Calculate PF metric value for all cellular users on each RB

6. Allocate remaining RBs to corresponding users. The maximum amount of
assigned RBs is number of total RBs.

d 3t #-cellular i@ % &2 D2D & A FIF L B3 0 T REFLE B T e
FEFF o Ft g3 2 E DD R*FGEF Rzt 4 copF iz > cellular
S A - RIRIE R o AL iR B dpen Uik cellular # % ﬂi &
FAIOTREHT MR > D2D & F 0 ¢ F] Lie REFS A AR U A
AT RFRT BT o gL D2D i * Hing : 0 chpriz ocellular @ *
PR RIOTRFH Y IR TN REA PR R TS b
& cellular i # F’"’ ¥ fipom-D2D @ * T’g;‘ﬁiﬂﬁu SR 7 B EEE T S K

n*—;
- 8 Aocellular @ * FiEEga s @ D2D & * HiF Lg] OpEiE 0 7R T
34 B - BLo
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41 BIRFEE B SR €

fehghe d oo A u NS-2 $A[20]5 (7 AR R A 497 b iR 5hD2D R ¢ K
0 cellular i@ * 4 e S 5 Mg 0 S B 2 B R A Gt B 0 T s
el g o

3¢ i it . 3GPP TR22.803 @ % i fi7 locally routed. # i 1i3% 2% 4 4o 3
oo T AR Y o Rk AR 20MHz R R R & -k ke 100
FRE M > TR eNodeB F fyk 5 7 2 A2 100Mb i B b T hE I
Utz § 7 MAIZ 100kb hF AL R e B0 HEAZR  BRAREY EXHE BTR
T&iﬁumilﬁr‘%?’”ﬁfii- Feo 43 AT S BT 78 s 'F"g‘\“ B i E R
B E BT LR kb TR .

53k & eNodeB & T § 100 i cellular & * % »D2D f * = j& 0 {5 +: 7| 200

f
o I E R e S ek

3 BwAEME
Bandwidth 20MH:z
Resource Blocks 100
System Capacity 100Mbps
Amount of data on each FB 1Kb
Cellular Users 100
D2D Users 0~200
Avg_ Cellular Packet Size 5Kb
Avg D2D Packet Size 2 5Kb, 5Kb, 10Kb
Packet Arrival Rate (Poisson) 100
o (guaranteed factor) 02.04 06 08
p (forgetting factor) 0.0

%2 WOHR SR T

14



4.2 WA 5

PTAPHEED BB FFK G 0.01 27 > D2D # * Heh R <o) G
cellular & * %705 % ~ 1% ~2 efim
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