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Real-Time Measurement and Analysis of 5G NR V2X Communication Performance
Based on a Passive-RTT Protocol

Woochang Seo - Hyun Woo - Eunju Yang - Bongseob Kim' - Kyungsu Yun

Strategic Planning Division, Korea Intelligent Automotive Parts Promotion Institute, Gukgasandanseo-ro 201, Guji-myeon,
Dalseong-gun, Daegu 43011, Republic of Korea
(Received 18 November 2025 / Revised 11 December 2025 / Accepted 13 December 2025)

Abstract : This paper presents a method of acquiring communication performance indicator data by continuously driving on
both proving grounds (test road and real roads equipped with SGNR-V2X communication infrastructure) using the
Passive-RTT approach. While existing demonstration services typically measure communication range or Packet Error Rate
(PER), the proposed method enables service-independent driving and simultaneously collects communication performance
indicators for 121, V2I, 12V, and V2V. This approach provides a means of measuring key vehicular communication
performance for cooperative autonomous driving under diverse real-road environments. By conducting simple repetitive
driving, the proposed method allows for essential performance evaluation while reducing the cost of demonstrations.

Key words : Fifth generation-new radio(5G NR), Vehicle to everything(V2X, X5F5-4]), Automated vehicle(XA&5),
Round trip time(RTT, jZ] FE- A|7H), Ultra-low latency(ZA X 1)
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Fig. 1 Daegu proving ground - autonomous vehicle test road
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Fig. 4 RF unit and small main control unit
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Table 1 5GNR-V2X unit specifications

Specifications OBU RSU
. 5G-V2X PC5 5G-V2X PC5
V2X Radio (3GPP Release 16) | (3GPP Release 16)
CPU Cortex-A72/A53 | Cortex-A72/A53
Memory 8 GB LPDDR4 8 GB LPDDR4
Ethernet 1 Port 1 Port
Anfennas 5GNR-V2X 2 Port | 5GNR-V2X 2 Port
GNSS 1 Port GNSS 1 Port
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Fig. 7 Passive-RTT(Round Trip Time) protocol overview
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Table 2 RF Parameters setting

Parameter Value
Tx power (dBm) 20
Frequency (MHz) 5,915
Spacing (kHz) 30
Subcarrier Start symbol 0
Length symbol 14
Size (MHz) 10
Sub channel Number 5
Start RB(Resource Block)
Time resource 2
PSCCH
. L Frequency resource 10
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Index 19
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Table 3 Throughput by distance

Throughput Min. Max. Average
Distance(m) (Mbps) (Mbps) (Mbps)
0 V21 33.346 34.004 33.694
2v 24.732 30.589 27.847

V21 33.235 33.918 33.650

100 2v 30.093 34.260 32.067
V21 33.342 34.405 33.781

130 2v 30.554 31.368 33.927
V21 33.543 34.243 33.745

20 2v 26.755 34.045 31.784
V21 8.673 33.901 26.960

300 2v 5.856 31.383 22.321

Table 4 RTT by communication mode

RTT Min. Max. Average
V2X Mode (msec) (msec) (msec)

RSUI-RSU2 10.790 239.032 34.025
121 RSU1-RSU3 11.051 157.604 37.695
RSU2-RSU3 11.016 225.698 45.840

RSU1 8.209 216.130 30.391
2v RSU2 7.966 211.156 30.448
RSU3 10.691 116.965 19.400
RSU1 8.222 112.585 20.908
A\ RSU2 9.000 148.716 23.659
RSU3 8.137 125.461 31.164

B4 BEo 2 RF ©2] 241 A A] 72 Table 59}
o, o]:= RF A&7} *@*éﬂ(ﬂ TFAIE = AR T
S ¥3keit) o KA A7 2.828 ~ 3.108 msec O] 2
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Table 5 Latency by communication mode

Hyun Woo - Eunju Yang - Bongseob Kim - Kyungsu Yun

Latency Min. Max. Average

V2X Mode (msec) (msec) (msec)
RSUI-RSU2 1.520 10.760 2.846
121 | RSUI1-RSU3 1.520 9.200 2.828
RSU2-RSU3 1.510 8.580 2.581
RSU1 1.530 7.450 3.050
2v RSU2 1.530 7.230 3.108
RSU3 1.520 6.990 3.079
RSU1 1.710 8.580 2.870
V2I RSU2 1.750 8.980 2.937
RSU3 1.780 9.360 2.987

2 S A 2 B AR U A 7] A do] JA RTT
©] 854 ~ 932 %= AHAEHE S & T vk =g s
GNR-V2X9| A A 44521 3 msec o|UHE AL =
k= 3o 2 SA ST

RTTS} LatencyS SA317] el 22 10709 7L
=0, g 7o) Abo]== 1,619 Byte® kT
o] | Dataratet= 7 F 1.867 ~ 3.939 Mbps & & AF=5]
At

Figs. 9~ 11> &4 = £33 5 A HE 7Hhe
2 Datarate®} LatencyS LI T2 =&3&}3 T} 121, V2I,
A2V B AR A/ & HolHE S5 7T
stk AS & ¢ Utk 53] 4 2=

RSUH SA4% -S4 A5l sl =L S gko] 2% A4

|\

Data Rate(Mbps)

rhe AL AT 5 JomE ST Wt Hlole)
o Ay % Ao -2 ST ATk A
P Tes AT S £P% B ARES
BAgle] ik B4l A% a4 REe EAsH:
ol s on, 55 A T4 FRE i F2
3 B4 FAED FHEE 45 ARtk A
1% 5 Ak

42 A2 Jlgb =3 A1 Y Exf

A e 20 RSUEE A B ERQ EAd}H] 5GNR-V2X
o] RF IEEHE HAsom, Table 29F )k
SGNR-RSU7} 735 A= 2o A= 202510 3Y €] 5€
7HA 59 G712 082 Faste] Al s A RE A
1P A (oF 544241 7hske] AT A E o
w2 T2 sl gk A S stk L H (64 ~ 14
A FH 1Y, LFFHFA3A ~204) FH 19, e <d
FEHA0A] ~ 184]) 3U = dA S Fsto] Fae}Th
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Yel/atel Falel e Al s 73 S e A
ol vl FA & A 183t = QU= kit 4.1
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Fig. 9 Chart of 121 datarate and latency by RSU
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Fig. 11 Chart of V2I datarate and latency by RSU
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Fig. 12 RCPI by distance (top), RCPI by speed (bottom)
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