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ABSTRACT

Korea Railway is enhancing the railway wireless communication system from VHF and TRS which have been used
for 100 years to LTE-R starting with Ministry of Science and ICT’s allocation of Integrated Public Network Frequency
on December 2014. LTE-R has advantages on technology performance, also on ease of evolution based on
standardization compared to existing technologies. However there are few problems that need to be solved to provide
stable railway wireless services in the future. Due to national spectrum policy, LTE-R has frequency interference with
Integrated Public Networks (PS-LTE , LTE-M ) and UHD-TV which was commercialized in 2017. This paper
introduces performance changes caused by interferences which were founded from the test bed in Wonju~Gangneung
LTE-R project and the result of RAN-Sharing. In addition, this paper suggests the standard for LTE-R cell planning in
the case of sharing the Integrated Public Network Frequency by analyzing the changes of designed link-budget factor
based on the test result.
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Fig. 1 LAB Test Configuration

Table. 1 LAB Test Procedure

1) Keep DU OQutput 40 W
2) Test 2 cases of LTE-R signals received at UE
[RSRP : -60/-110 dBm] * Reference Signals Received Power
3) Drive UL-DL full traffic to PS-LTE UE
4) Set ATTEN(Attenuator) of PS-LTE signal in 5 dB steps
5) Measure voice, video and throughput by cases

o 7)Aol 4 PS-LTES] 745 S dA =
AP A 1A I AES AL

22 Algl 2zt

LTE-R RSRPE--110dBmo. 2 11 S PS-LTE A&
A7 Pest R4 LTER 24 2 94 A8e
Alastsc.

Table. 2 Voice and Video test result

No traffic Full traffic
RSRP GBR RSRP GBR
LTE-R|PS-LTE| , ) LTE-R|PS-LTE|,, .
(@Bm) | (dBm) | VOice | Video [ gl gy | Voice | Video
Call | Call
82 drop | drop -90 - -
Packet | Packet
110 88 | delay | delay 110 -9 - -
-100 | 3.6 - 100 | Call | Call
drop | drop
-105 | 37 - -105 | 3.6 -
110 | 35 [ - 110 | 37 | -

A AAT} 38 29} o] FRSE 2 A= PS-LTE 4l
S7FLTER Al%of vl 22dB & 3¢ 54 % 9
7 dlolg7t A=) AAseiaL, 28 dBol ]l 7
oll«= Call-Drope] 23} iet. -3} 2710 A<= PS-LTE
A&7} LTE-R A5t} 10 dB %= 7-9- Call-Dropo]
HPAYTE ol2fRt AHdE A LTE-R 4127 2 A <l
A5-ol= Akt A =& E ek LTE-R AubA|7] 7
Al Rl sl 1HdeEd LTE-R vt Al71E 2
%17|(-60 dBm), <FA|(-110 dBm) = -5t} AJH
Aleyatglct. LTE-R AkA]7]S - 60 dBmez 14a}
L PS-LTE HupA|7] 5 A 7hshe] 25 Ald S
A2y A3t 7 237} 2ol LTE-R Z1ubA| 7] 2 PS-LTE
Auk Al717F 5 4E B9 ASEHEs 22 Mbps7F 54
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Fig. 2 LTE-R RSRP -60 dBm fixed, PS-LTE RSRP
variation test(No traffic)
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Fig. 3 LTE-R RSRP -60 dBm fixed, PS-LTE RSRP
variation test(Full traffic)
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Fig. 4 LTE-R RSRP -110 dBm fixed, PS-LTE RSRP
variation test(No traffic)
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Fig. 5 LTE-R RSRP -110 dBm fixed, PS-LTE RSRP
variation test(Full traffic)
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Fig. 6 Field Test Configuration
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Table. 5 DL Throughput test result

1) DU (Samsung) : FDD 10 MHz 2T2R 12 cell RSRP (dBm) Downlink-
2) RRU(Samsung) : Output Power - 40 W/2path LTE-RIPS-LTE '—TEj§>PS'LTE Thr'&téghput Redu;;tlo Notes
3) UE : 4 Smartphone type devices - PTT(Rel10) (rerence (L225) L raolo
4) Antenna -82.70| -89.50 7 41.822 3.6%
G G e o -80.25| -86.03 6 41.505 4.3%
ector eam wi
Category AT Antenna -79.50| -84.38 5 41.637 4%
Frequency 718~783MHz | 718~783 MHz LT | BT = £ N
Gain 14 dBi 13 dBi -80.31| -83.25 3 40.697 6.2% | Reduction
i i - - 0,
Honzontal/\_/ertl 65°/15° 359/35° 81.13| -83.13 2 39.855 8.1%
cal beam width -82.88 | -83.79 1 38226 | 11.9%
-83.79| -83.75 0 37.854 12.8%
32 A Azt
o _ . o = = Table. 6 UL Throughput test result
£ 9 B NBATHE AYAFL) A9 24 ks e _
& ABAHZIY Wlel Aokl omE FHA(-60 B e
L } o LTE-R|Ps-LTE| LTE:R>PS-LTE | Throughput Notes
dBm) °FAA|(-110 dBm) & Lheo] Al At A3 et difference (Mbps)
3 AR Tel 9535 I ARACIA 2 7L [8739] 8341 4 22029
531 RSRP W90l A Algg Weloict LTE-R7 | 8872/ 8377 5 21.959
- - Event
- o] Az =2 ylzoa QR-JFE 1y o o y
PS-LTES] AFA7|AE 7|Fo2 UF~75 7 A 89.56 | -83.60 6 21975 SETETE L)
A9 AP ARG AP ARAR gE e s [T T R
3 A AubrhA AL 1St 7HI RS of| =ak 2~ R e ) : occurrence(UL 0)
oL ol Ayl 7+S w23k 2 99 4 J g Event
Re= Q] Q= A S =& 4 ATk 91.55 | -83.59 8 20761 | o cumence(UL 0)
Event
-92.66 | -83.83 -9 16.326
Table. 4 Voice and Video test result occurrence(UL 0)
- - Event
Quality degradation threshold -93.36| -83.33 -10 20194 | ecurrence(UL 0)
Category (LTE-R>PS-LTE difference) Event
Field test result LAB test result -93.50( -82.69 L ez occurrence(UL 0)
-60 ~-90 dBm 0dB -10dB
RAN-Sharing2 7|25 247142 5323 +
I 49} o] AP AT AT APE BUAS A sk FEAG 0hE 45 ol 214 F 28} gere

ZHLTE-R} PS-LTE A% A47]2})¢1 10 dBL}=
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H| 2= e AR A AldR At 3 59
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AAZI=7} PS-LTES] +3 dBolstd -9~ 5}3KDL:
Down Link) 44w %8} dAlo| d#|sH WAl
& ATk ARHUL: Up Link) FEF AlgollA=
3 63} Zro] LTE-R AA 7=} PS-LTE 74415 KT}
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Table. 7 DL link budget change factors

Down link old - New :
item value st value Ul iz
Based on
BS Tx Power | 41.8 | dBm 46 dBm | Wonju~Ga
ngneung
BS Tx Cable 2-way
Loss 1 B 4 de applied
. Based on
UE I\'lﬁ:ese 3 dB 8 dB |commercial
Y network
Based on
SINR Wonju~Ga
Requirement 2 dB 2 dB ngneung
access
Based on
Fading Margin| 15 dB 11.6 dB  |commercial
network
Interference Newly
Margin : dB © e inserted
. Train
Penfgsstlon - dB 15 dB | penetration
loss
Table. 8 UL link budget change factors
L old - New -
Up link item BlE Unit s Unit Notes
Based on
UE Tx Antena Wonju~Ga
Gain 3.15 | dBm -1 dBm ngneung
access
Based on
UE '[)és(;able 1 dB 0 dB |commercial
network
. Based on
BFSi ’:IJ?E'!S - dB 3 dB  |commercial
9 network
Based on
BS Rx - . | Wonju~Ga
Antenna Gain ) dBi 15 dBi ngneung
access
Based on
SINR Wonju~Ga
Requirement 2 dB 0.7 dB ngneung
access
Based on
Fading Margin| 15 dB 11.6 dB |commercial
network
Interference Newly
Margin ) dB & dB inserted
. Train
PenEtratlon - dB 15 dB | penetration
0ss loss
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Table. 9 DL link budget re-calculation

1838

No Up link item Value | Unit Notes
No | Down link item Value | Unit Notes ThermalNoise KTB=1.38*10-23*
0 | Target Data Rate 2 Mbps 4 Density -1740 | dBm (273+temperature)
1 BS Tx Power 46.0 | dBm Output 40W Thermal Noise Thermal Noise
2 BS Tx Antenna 15.0 dBi 8 Power -109.7 | dBm Density * BW
Gain 9 | BSNoiseFigure | 30 | dB
3 |BSTxCable Loss| 4.0 dB P
. Noise Figure +
4 | BSTXERP | 570 | dBm | [1+[2]13] 10 | BSNoise Floor | -106.7 | dBM | oo oise
5 |Subcarrier Spacing| 15.0 kHz 11 |SINR Requirement| 0.7 dB
6 Used RB 50 12 Sensitivity -106.0 | dBm [10]+[11]
7 Used BW 9.0 MHz 13 BS Rx Antenna 15.0 dBi
8 Thermal Noise | -, | ygm | KTB=138*10-23* Gain '
Density : (273+temperature) 14 | BS Tx Cable Loss | 1.0 dB
9 Therpmal Noise 1045 | dBm 15 | Fading Margin 11.6 dB
o 16 | Imterference 4 | dB | 4dBor10dB
10 | UE Noise Figure 8.0 dB Margin or
. Noise Figure + . Assume in-train
11 | UE Noise Floor | -96.5 | dBm Thermal noise 17 | Penetration Loss 15 dB Use
12 |SINR Requirement| 2.0 dB 18 Max Allowable 111.4 dB [4]-[12)+[13]-[14]
13 Sensitivity 945 | dBm [11]+[12] Path Loss ' -[15]-[16]-[17]
19 Frequenc 700 MHz
14 | UE RéAntenna 10 4B q y.
ain 20 BSAntennaHeight 5 m
15 | Fading Margin 116 dB (HB)
Interference 21 UEAntenna 3 m
. Assume in-train Antenna Height Medium sized
17 | Penetration Loss | 15 dB use 22| Correction Factor | 7 cities and suburbs
Max Allowable [4-{13]+[14]-{15]- 23 Coverage 033 | Km |Okumura-HATA
18 Path Loss 1199 dB [16]-[17] 9 Model applied
19 Frequency 700 MHz
BSAntennaHeight
20 (HB) 5 m
21 UEAntennaHeight 3 m V_ 7Ed E
(hv)
2 Antenna Height 37 Medium sized
Correction Factor ‘ cities and suburbs B35t A Z2ulhE s ARSI Y Akl
23 Coverage 054 | Km O&%ﬂ:{iﬁpﬁ‘;ﬁ E4AS 1T o LTE-RS X835 35 d= o
A Q) At 54l ARlaE AlEsh] HeliM=
' _ FolEc) LTE-RT} PS-LTE 9 LTE-MZF AFS Aak7t
Table. 10 UL link budget re-calculation A S| a7t 0-A A Blojof st o] 2 o]a] U=E~7F2 A]
No Up link item Value | Unit Notes Bl L& W 7Y AAE E5) YA Rl IS
0 | Target Data Rate 1 Mbps 0% 2= 9)le “7bA 0] 9w RS wEatirh, Ut
1 UE Tx Power 23.0 dBm | 200mW for UE _ =
Mz o g olgt LTE-R AulA Awelr] g4 5
2 UE Tx Antenna 10 dBi
Gain - ' 7| A= 7ol whE oAt S7F B A upA] s axiehel
3 | UE Tx Cable Loss | 0.0 dB RAN-Sharing 5+& A] 7|3 71 A& Efulol, E35]
4 UE Tx EIRP 22.0 dBm [11+[2]-[3] UHD TV ] Zules 7H 271 & £3t 2aw a2
: Ssej :\i 215; — 83} LTE-R, PS-LTE & LTE-M 29372 7} okl
se . z
T A2 A% s g 71ust ¥ WAt Ua
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