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Abstract

Vehicle to Everything (V2X) communication has been growing to enhance traffic safety by employing advanced wireless
communication systems. V2X communication is one core solution for governing and advancing future traffic safety and
mobility. In this paper, we design the system level simulator (SLS) of Long Term Evolution (LTE)-based V2X and
propose the adaptive transmission scheme for vehicle communication. The proposed scheme allocates the resource randomly
in time and frequency domain, and transmit the message according to probability of transmission. The performance
analysis is based on freeway case in periodic message transmission. Simulation results show that proposed scheme can

improve the cumulative distribution function (CDF) of packet reception ratio (PRR) and average PRR.
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Fig. 5. Wrap around model for freeway case.
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Table1.  Channel model parameters.
Parameter Urban case Freeway case
J 2. EA9 9 E2 74 WINNER+B1 .
Fig. 2. Road configuration for urban case. Pathloss Manhattan grid LOS in
model WINNER+ Bl
layout
Lane width: 4m Shadowing Log-norma Log—normal
B distribution
Shadowing | 3 dB for LOS and 3 B
std. 4 dB for NLOS
Decoorelation
2 . 10 25
o distance m m
023 IBZRo AR T2 A NLOS in Section A2.12.1.1 or A21212
Fig. 3. Road configuration for freeway case. Fast fading | in® with fixed large scale parameters
during the simulation.
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Fig. 4. Wrap around model for urban case.
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)= Fig. 7. Resource allocation for periodic traffic.
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Antenna 3 dBi 2. Bolde A1t 2 45 ZA
S B A A A W 2de] w2 A e 2
transmit | 23 dBm PRRol it A5& EA]gch
power
Number of
antermas 1 TX and 2 RX antennas Jb Rkl Al
Noi
fgwe | 9B A9 gl o e 19 59 o] mol 4y o
Number of lanes 3 in each direction Aol thate] Hlnl EAlo] o]Fo] Ar) 2 £ F1H)
Lane width 4m a2 2 zdel tiste] ARz ¥ HFF FE RB
Simulation area size Freeway length >= 2000 m. 2 AbeE A 23 H|o]9l: RB 45 Ale¥ RB 4=
Vehicle density 2.5 sec * absolute vehicle speed % 5~8% 2t}
e Aeaelel e 4se BASY T 2o A
m
2] 19 45 d3dH RB = 10002 A5 3= 4
Pathloss model LOS in WINNER+ BI e ;;T e E]T .
A 7} M o) =3 7} 73
Shadowing distribution | Log-normel 2, AHE RB 7 7V Eo F RB 47} 714
= o] AL BT} EN PN
Shadowing std 3 dB for LOS and 4 dB for NLOS 0. e 29 A T8 KB 5= 100°]32 As
deviation g 22, 7 g 19 vl AE357F S AHE
Decoorelation distance | 25 m ¥ RB 7} taste] $ES RB 471 7hbae] 1o
NLOS in Section A.2.1.21.1 or . - o o
Fast fading A2.1.2.1.25i161% yvith ﬁxed large scale ala] aeh As o ¢ vk FhElae] 33 49 A5
parameters during the simulation. e RB 7} 5008 7Hadte] = 8o Zv)s
Traffic Model Periodic traffic Auk 12 BEE A4S 51 &) uio =3 RB
Message size e e, escage ollowed by b e @ ARG ¢ 4 ATk @ e e 39 A%
A5 4, g 49 A% A5 22 AF A5t
Tk BojAge AEEE A 2 Fug A Aadte] wel AF8" RB 47F 7#HAaste] &3 RB
Fhelae] 1~4, 27 1~20] weh A7t 2 Fop 244 T AaT S & A
%ol AAEH H 33 49} 2t 2 W Ass A o 2k 21 29
Ae- g " ARy =
E 3 Zouy sie 1al 9 A A AR o 2 _(f)oo Bytes)s 1 inO
Table 3. Category for simulation. Bytes)= 271 13 Hlul g8 wf e Bzl &
= =1 A Q N == 2= )
Number of | Probability of | Number of 7b Zo] AAH oz ALEE RB 2 %5 RB 47} 24
Category | total RBs | Transmission | transmission g As & Ak
(V) (P,) R)
; g } ‘21 E 5 A AE: S 70kmh, E2A 1
3 = 2 1 Table5. Resource status: velocity 70km/h, condition 1.
4 50 1/2 2 Category | Collision RBs | Not used RBs | Used RBs
1 674 12.1 87.9
T 4. 2oy =A 2 379 30.4 69.6
Table4.  Condition for simulation. 3 316 83 417
Condition 1 2 4 19.6 13.3 36.7
Number of RBs 10 10
Number of E 6. A AE: £HE 140km/h, = 1
300 subframes 3 2 ’
Table 6. Resource status: velocity 140km/h, condition 1.
brtes Code rate 0.3030 0.5284 Category | Collision RBs | Not used RBs | Used RBs
(Modulation/ Z9) | (QPSK/5) (QPSK/B)
Nurber of RBs 10 10 ! 363 326 674
1% Number of ) ) 2 174 515 485
B subframes 3 20.8 14.1 359
ytes Code rate 0. 2879 05758 4 93 241 259
(Modulation/ I;59) | (QPSK/5) (QPSK/9)
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7. AR AMEN: 5 70kmh, = 2
Table7. Resource status: velocity 70km/h, condition 2.
Category | Collision RBs | Not used RBs | Used RBs
1 51 22.3 T
2 22.17 414 58.6
3 23.8 13.1 36.9
4 11.7 194 30.6
8 AR AEN: =5 140km/h, =A 2
Table8. Resource status: velocity 140km/h, condition 2.
Category | Collision RBs | Not used RBs | Used RBs
1 185 496 50.4
2 5.3 68.9 31.1
3 8.7 244 25.6
4 45 31.3 187
Periodic, Freeway 70km/h, Condition 1
1 : :
oofl g4
0.8 —®—Category 3| _ _ Jr 77777 4‘ 77777777777
—— Category 4 | |
5
Packet Receptlon Ratlo (PRR)
a8 9. PRRel CDF: & & 70km/h, =71 1
Fig. 9. CDF of PRR: velocity 70km/h, condition 1.
Periodic, Freeway 140km/h, Condition 1
1 : ‘ ‘
0ol —O—Cmégow 1
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0.8 —®— Category 3
—— Category 4
0.77 - - - - = T 777777777777777777
06— - -~ L
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01F - - -—- [ —
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0 0.2
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Fig.

Packet Receptlon Ratlo (PRR)

140km/h, =2

10. CDF of PRR: veloo|ty 140km/h, condltion 1.
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3l 240 o] %o} Ak,

a9 99} 102 %A 194 27 28 £ % 70km/het
140km/hl 4] PRRS] CDFE vhebdich w=ak =29 113}
% 9% 24 1, A% 5 70km/holA 7 PRRS U
Ehfla, 29 129 ¥ 102 27 1, A% % 140km/h

oAl 33+ PRRS HERITE

Periodic, Freeway 70km/h, Condition 1

Average PRR

—@®— Category 4 [ |
—&— Category 3 | | |
]

0.65 | —*— Category 2 —+ — — — — — e -
—— Category 1 : : :
08— o S o 0 s
Distance [m]
a3 1. " PRR: &5 70km/h, =71 1
Fig. 11. Average PRR: velocity 70km/h, condition 1.
Periodic, Freeway 140km/h, Condition 1
1 ; ‘ ;
0.5 —————bL— -y —— -4 _"7F
1
0.9F —————bL—-———
PO s X (i
g
8 08F--——--b-—o oo
g | | | : }
L] e yTTT 1T T T 7
| | | |
0.7 —e—Category 4| l\ 77777 J\ 777777 : 77777 B
—&— Category 3 ! | |
0.65 i —&— Category 2| ~ ~ l‘ ””” 4‘ ””” : ””” -
—— Category 1 | | |
0'60 130 260 ;oo 460 500
Distance [m]
a2 12, Hd PRR: && 140km/h, =74 1
Fig. 12. Average PRR: velocity 140km/h, condition 1.
E 9 = PRR: =X 70kmh, =A 1
Table9. Average PRR: velocity 70km/h, condition 1.
Range (m) | Category 1 | Category 2 | Category 3 | Category 4
20~40 0.9778 0.9770 0.9941 0.9948
60~80 09673 0.9682 09912 0.9928
100~120 09538 0.9576 09877 0.9902
140~160 0.9365 0.9443 0.9830 0.9870
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180~200 09177 0.9291 09774 0.9829
220~240 0.8973 09111 09715 0.9781
260~280 0.8754 0.8920 0.9648 0.9729
300~320 0.8530 0.8700 0.9570 0.9666
340~360 0.8294 0.8482 0.9491 0.9596
380~400 0.8054 0.8245 0.9409 0.9520
420~440 0.7830 0.8013 0.9325 0.9441
460~500 0.7593 0.7787 0.9238 0.9359
500~520 0.7366 0.7566 0.9148 09273
E 10, o PRR: &£ 140km/h, =4 1
Table10. Average PRR: velocity 140km/h, condition 1.
Range (m) | Category 1 | Category 2 | Category 3 | Category 4
20~40 0.989% 0.9863 0.9975 0.9970
60~80 0.9822 0.9805 0.9958 0.9957
100~120 09736 09721 0.9938 0.9939
140~160 0.9617 0.9623 0.9911 0.9909
180~200 09472 0.9493 0.9876 0.9876
220~240 0.9298 0.9335 0.9833 0.9832
260~280 09102 09157 0.9776 0.9786
300~320 0.8904 0.8959 09722 09731
340~360 0.8686 0.8756 0.9658 0.9664
380~400 0.8464 0.8542 0.9585 0.9593
420~440 0.8257 0.8316 0.9506 0913
460~500 0.8029 0.8086 0.9419 0.9434
500~520 0.7797 0.7865 0.9336 0.9347
At 7ol AgH shelae] 33 49 A A &
Fo] Zagtel weh 14le] o] Zol PRRY] 450l
P As & vk ®=3 AF 374 G
2 1, 3ol 2 Fhelay 2, )2 748 ube} 7H4 <]
%33k3} SINR (Signal to Interference plus Noise Ratio)
o]5 Ato] trade off7} EA|geh. Ap=F Alo]l A7t 7}
7he W M9 3R SINR o] 50| Eof dF 3
T 4% A5 Aol FAEJL A Ato]l Art E
= ZHdel ko] SINR o] 5ET =o} dAF 3l 2
ol A Aol FdHh
% 133 14e =4 2004 72 A £ 70km/h

w3,

9} 140km/hel Al PRR®] CDFE vhehwich. 19
159 ¥ 11& 27 2, %% %% 70km/hol A B PRR
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Fig. 13. PRR2l CDF: velocity 70km/h, condition 2.

0.8 1

Periodic, Freeway 140km/h, Condition 2

1 T - -
I I I
—&— Category 1 | | |
0.9 —&—Category2| ~ T~~~ "7 777 (Y
| | |
08k +Category377+ 77777 o __ —___% |
—®— Category 4 | | |
e I___%&_
07 | | | |
| | | |
06 ———~-~ [ T AT [ -
| | | |
& 05F--—-- Lo ____ 4o 4 [P S
o | | | |
| | | |
L e e [ S
| | | |
03F----- - 4= === 4-————-- |- — —
| | | |
L __4_____d______ \F__ o _|
02 ] | |
| | | |
01F-=—--=-- T~ T~ a7 T 17 -7
| | |
0 0.2 0.4 0.6 0.8 1

Packet Reception Ratio (PRR)

2% 14, PRRel CDF: & X 140km/h, =A 2
Fig. 14. PRRel CDF: velocity 140km/h, condition 2.
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Fig. 15. Average PRR: velocity 70km/h, condition 2.
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¥ 1. & PRR: £& 70km/h, =A 2
Table11. Average PRR: velocity 70km/h, condition 2.

Range (m) | Category 1 | Category 2 | Category 3 | Category 4
20~40 0.9330 0.9335 0.9828 0.9830
60~80 09159 0.9184 09759 09771

100~120 | 0.8892 0.8949 0.9679 0.9697
140~160 | 0.8611 0.8696 0.9589 0.9615
180~200 | 0.8317 0.8442 0.9484 0.9521
220~240 |  0.8003 0.8174 0.9333 0.9420
260~280 | 0.7704 0.7902 0.9273 0.9316
300~320 | 0.7423 0.7631 0.9149 0.9201
340~360 | 0.7151 0.7367 0.9030 0.9091
380~400 | 0.6834 0.7106 0.8916 0.8972
420~440 | 06647 0.6853 0.879% 0.8856
460~500 | 06425 0.6603 0.8686 0.8742
500~520 | 06212 0.6339 0.8582 0.8633

N

Periodic, Freeway 140km/h, Condition 2

o
8&‘

Average PRR
e & ©

°
o

I e e R

o
3

[ | —@— Category 4
—&— Category 3

0.65-| —a&— Category 2|~ ~

0.6 =————
0

Distance [m]

a2 16, H PRR: £ 140km/h, =4 2
Fig. 16. Average PRR: velocity 140km/h, condition 2.

¥ 12 B¢ PRR: &% 140km/h, = 2
Table12. Average PRR: velocity 140km/h, condition 2.

Range (m) | Category 1 | Category 2 | Category 3 | Category 4
20~40 0.9535 0.9474 0.9877 0.9876
60~80 0.9351 0.9300 0.9821 0.9824

100~120 | 09148 0.9078 0.9748 09762
140~160 | 0.8882 0.8845 0.9665 0.9688
180~200 | 0.8595 0.8568 0.9579 0.9605
220~240 | 0.8336 0.8305 0.9482 0.9517
260~280 | 0.8040 0.8034 0.9373 0.9406
300~320 | 0.7780 0.7760 0.9247 0.9285
340~360 | 0.7480 0.7488 09117 0.9165
380~400 | 0.7225 0.7220 0.8989 0.9055
420~440 | 0.6956 0.6936 0.8860 0.8940
460~500 | 06716 0.6746 0.8753 0.8821
500~520 | 0.6504 0.6537 0.8629 0.8703
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