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Design and Simulation of A Distributed Device-to-Device
Communication System

Student: Hsin-Feng Hsieh Advisor: Chia-Chi Huang

Institute of Communications Engineering
National Chiao Tung University

ABSTRACT

Recently, wireless networks encounter more and more traffic volume due to the rapid in-
crease in the amounts of user data. There are mote.and more traffic loads on a base station
accordingly. In order to alleviate the burden of the base station, device-to-device(D2D) com-
munication technology emerges as an efficient way to offload the data traffic. D2D communi-
cation technologies, which enable users to communicate directly without through base stations,
can coexist with LTE-Advanced networks. This thesis is based on the basic structure of the
FlashLinQ first proposed by Qualcomm. We redesign it on the aspects from peer discovery,
link-ID selection, priority setting, link scheduling, to data transfer. New methods are proposed

to achieve better system performance.
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%= ® FlashLinQ

2.1 FlashLinQ f§ 4

FlashLinQ(FLQ) [4][5] 4 &+ % 4 #f % 1 (Orthogonal frequency-division multiplexing, OFDM)

BAAHDE ks @ EE BEAE AR IR AT i A fe R EAT o S o

2.2 FlashLinQ % 'f#.

FLQ % #0393k 3+ & SMHz #9300 @ * 2.586GHz §i4 > 11 & 2 A4 5 1 5 Ak #
Hoo#r) KE LR AL ER LN PROFZETR A o - B &S HFLQ hF f#a 3
= B3 . (1) % (Synchronization) ~ (2) % 3 (Discovery) fri%3z (Paging) ~ (3) 7

iz%l (Data transfer) °

# JLPE G (Discovery slot) L7 14 5 5 #c i | Pl - M F 2 4 AL B 5 5 T4
e 8 4710 i (Single tone channel) » 7 fe 3 Rk P ¢ > #F R F Tk (Discovery channel

resource) #& 4 & 3F¥ % ¢ #3F I F R (Peer discovery resource) e

i 3¢ (Traffic Channel, TCCH) % fﬁt’ ¢ 70w B (1) A (Con-
nection scheduling) ~ (2) i Z # 42 (Rate scheduling) ~ (3) F # % £~ & %] (Data segment

transfer) ~ (4) #/£3:% (Acknowledge) °



Sync. Discovery & paging Data transfer

~2ms -20ms ~40ms
RCH MCCH MCCH TCCH TCCH
(1st) (10th) (1st) (20th)
~66.67ms

Bl 2.1: FlashLinQ &7 Superframe
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v
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2
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3.3.2 3&?‘5&)& (Shadowing Effect)
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P, 11
=K |= 33
no il v e
#(33) 11 dB £ 7 ¢
P,
F(dB) = 10log1o K — 10clogiod + Ygp (3.4)
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4.1 Superframe 7

# i s FLQ shsuperframe 7 H > #-fF P £ B 37 5 66.67 % f) » superframe ¢ 7 7 (1) F
# (Synchronization) ~ (2) i % & 5Li% B~ (Link-ID Selection) - ¢ #3 3. (Peer Discovery) -

(3) "L 4 3k 2_(Priority Setting) ~(4)-id 3 F§ £x (Traffic) o

Bl iEAEY o & PR SEE L N ER ORI R R b (T oo il BRBLE B
Rl R 7 @A ART o R Y Aple e SR EL e b FRRIIERY RRERE B FH F R
Wk oo HIFARAEFRS PAERGE L REI 2R - BREL
BAVER > BAEAVER A FRR A BREDUN ST A A RAEL AP
7T = b i SRAT o W MIFE R s i B4R (Link Scheduling) £2 3 4L @%J]‘bﬁ,\

(Data Transfer)

T R SR A T ISR T

ik

Fed A SR S T RN

~66.67ms

Sync. |Link-ID Selection Priority Traffic
& Peer Discoverj' Setting

~2ms ~5ms ~1ms ~ 55ms

B8] 4.1: superframe
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Traffic channel frame

Link Data transfer
schedu]jng

W1 4.2: 3 3033 %4

TRFEFENOR T A AR LFEFE R R E é_i%éfﬁﬁﬁ:i@%?lf’;;ig

2 o i{_?%}:ﬂ@ﬁy?_ﬁ; P AT OLFRFU ARG E R 2N F T R R

Lense B WP A VR R B e S ) Es (T o e B A

t

43 F RFRLEGERPES

b g B BREEB AR AP RT A S BA RS R BT PLR A

5 % - i R EL W Bl (1% Link-ID Block) ~ 1@ i% 4% 3 % 8. (T Discovery Block) ~ & f< %

I % H. (R, Discovery Block) ~ % = i 35 +E 55 % 3. (274 Link-ID Block) ~ % = @ B 5%
B. (3" Link-ID Block) » % - o % - s SHEEFHFHA 5 10 BELHFF B> Azt &

A HBY RAPIE (T 50 AR BRI D] { B gt 8 F R ot
& (Signal to interference, SIR) « @ # i Fe 3y &P EHE s 2] > 2 2 {5 o] TR
TH GG EG F il SRR % A F 43 0 5 B B el s ey
i@ BRELREIAPN BEH IR O RE R REERNEAFEFES I E

R AT PR R T o LR AR R R R Y
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BEF AT (F Ao E) 0 SEI A T gL o

~20us X 10 ~4ms ~20us X 10 y ~20Us
1| ] o7 (R | | | o7 (RN o [ | | o7
w
S 2 2 2 i 2
é_
SANET 128 | 32 125 | 32 128 | 32 128 | 32 128
1*link-ID block T, discovery block R, discovery block 27 link-ID block 3™ link-ID block
B 4.3: I 8 R B ELEP R
- HBEERHE AP B LR ERRACE BEF 5P FE 0 BB AP
sl R BT B b 0t FAEN VU AT b Mg LAl B eh B i e 22l B R gL

A o Rrbe » MR EHEBEFRBIPN BEFRNGAF P oo il % o JE
Jergdr bk AR EFRFH I FRAT 28w B BANRAL AR TR EILL
@@J«iv o B B R BE AT N NEICEH B R v b F o A AR ¥R il R B L
F o R BB RAE AFE R RN B B LA B ECB LIFAR

B EIREBNESH SUEt R S o 0 T

B - BATR O hBES FA VR FALTF Y - AREERA S A0 P F

- B AR N ETAAEAFR Y T SRS do kR BRELT U > A B

)|

RHHAF > THR-EBE- BFRAFAAAHNRGEEDRIR Y > BF AR FRF
BT AR o 4o % A # B P B e B a0 BfS % = i BRREEL R B

BT RIFEL 0 do% F B R] R Bl A Tl g A o

Pt - Be ,;\,;4L~Lf~$4m,§@«:h s U,\_,,EJL ﬁla’—‘j **«E%{,&% ﬁjﬂ%\l__
T BT P F R P ET BREE E A LAY > Rk BRET UL
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Monitors 1% link-ID
block

Receives
an ACK?

Link-ID is

available?

block

| Yes |_
Sends a discovery

signal in T, discovery R
Bl permission
I signal?
Listensto R, discovery | Yes
block DZD [ink establishes
completely and becomes
an active D2D link

> End
B 443740 d1diE o o AR 0B)

Monitors 2™ link-ID
block

Sends a permission
signal in 3" link-ID
block

End

Bl 4.5 ¢ 23 aE 2 B enid iz 25T AR B

HAE R E > 7R R E SR A S R dof 2T

FIRAME R BN AR T RAFAPN PR SESERR Y > 2 8 A%

,
I
i

SRR RHA L BEF o FME 0 B S 2R SR RR R LFRE ) Ao

—=
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Listensto T, 2

discovery block

Listensto 3™ link-ID
block

discovery
si gnal ?
Yes

Sends an ACK signal in
R, discovery block

permission

signal?
J Yes

D2D link establishes

completely and becomes
an active D2D link

Sends an IPE in 2=
link-ID block

End
Bl 4.6: F-AiE eyl heAR B

Bofs e i B Mgk el o= £ e ® )‘I‘u{éfi - BERERHLY 5B

R b U AR R R LR K

Sends an IPE in 1% link-ID
block

Ay

End

Bl 4.7 ¢ F 2 22 g i 2R

BT AAPMH- Bl BIEERRA BRENEAFR Y b o b BT 0 i
B (Linkl) AL 5 @ # ¢ =@ 2 @ 2= (Link2) P £.374c » i B i# % 12l 5 -

oo i R EL o Bt N R Y R S B
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P sk Sa
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B 4.8: £4F & * i R B
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min , > SITRihresho 4.1
(PChBC’ Pahan threshold (4.1)
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HEREIE
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2 SRR > o R BT LFMEL s By NGB s o

RO E LR BREAE S AP PR AETALE BRR A BT RE AL
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L

LA A B F R R E B AU F T
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s
R
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P
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BIEAFWEDL )RR ERBREREET - BRLEER o

~20ps X 10 ~20ps X 10 ~20ps X 10

.
=

4
v
N

—

22| G |[ i 1 33 | 65 | 97 1 33 | 65 | 97

(3]
[
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;% & 7 1 To calculate and adjust power for its D2D link
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iexact — hii

m=1,m%#i
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if i>j then

Py = Py
else
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end if
end for

N is the number of all links
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P;.q 1s adjusted power
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PARAMETER Value
Area 100 - 100(m?)
Max transmit power S00(mw)
Noise power -112(dBm)
Discovery thresholdSTR s 5dB
Link-ID reuse threshold SIR; p 20dB
Link scheduling thresholdS7 Ry 5dB
Path Loss factor 4
Shadow fading: Lognormal st. dev: 8 dB
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