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Bandwidth Requirement Estimation Method for Future Wireless
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Abstract The Future Wireless Railway Communication System(FWRCS) has attracted attention for the various advan-
tages of such a system like efficient management, precise periodicity of operation and speedy travel. Related to it, the area
of bandwidth requirement estimation for the FWRCS is being researched actively because there is a great need for accurate
bandwidth distribution. In this paper, sophisticated bandwidth requirement estimation method for FWRCS is proposed by
modifying ITU-R M.1390. With this method, the expected frequency requirements for the present, for five years from now,
and for 10 years from now can be calculated by applying the data gathered from the actual field.
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1. Geographic Considerations
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Fig. 1 Spectrum requirement calculation process of ITU-R
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Fig. 2 Proposed spectrum requirement calculation process
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Table 1 Annual change in braking distance

Braking distance (m)
Train class
2012 (year) 2017 2022
Normal train 1400m 1283m 1166m
Urban metro 600m 550m 500m

Table 2 The number of trains within a cell(for one course)

Number of trains

Railway class

2012 (year) 2017 2022
Normal Train 2 2 2
Urban metro 0 4 5

Table 3 Annual change of the railroad line passing through
Seoul station

) The number of railway course
Railsay Class

2012 (year) 2017 2022
Normal Train 3 3 4
Urban metro 0 1
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Table S Types and characteristics of downlink services

Services classification Data rate . . . .
- - - Transmission period Delay time Priority
Service Detail of service (kbps)
. Transmission of train speed . .
Train Control 12 Real-time 35~280ms Vital
control
Safety support usin,
Video detection System Y Supp . & 500 Event of Train entering 0.5£0.1s Vital
platform video
Commander communication 45.6 Traffic generation basis 0.5+0.1s Vital
Operation & maintenance Station communication 45.6 Traffic generation basis 0.5+0.1s Vital
of train Portable communication 45.6 Traffic generation basis 0.5+0.1s Vital
Vehicle communication 45.6 Traffic generation basis 0.5£0.1s Vital
Railway customer service Vehicle passenger service 13.75 Real-time around the station 0.5+0.1s Non-vital
o ) Tracking cargo movement path 14 Real-time around the station 0.5+0.1s Non-Vital
Freight information on — -
Real-time information . .
management o 14 CY-site limited 0.5+0.1s Non-vital
confirmation in CY
) Crossing control information . . L .
Railroad crossings system 14 Crossing adjacent region limited 0.5+0.1s Vital
information system - - - - . -
Crossing observation system 2000 Crossing adjacent region limited 0.5£0.1s Vital
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Table 6 Types and characteristics of uplink services

Services classification Data rate . . . o
- - - Transmission period Delay time | Priority
Service Detail of service (kbps)
Train control Transmission of train location 12 Real-time 35~280ms Vital
Real-time train status monitoring 2000 Real-time 35~280ms Vital
Monlténng of e Railway infra monitoring 14 Real-time 35~280ms Vital
train status and - - — - -
. . Railway device monitoring 14 Real-time 35~280ms Vital
railway device
Railway safety device monitoring 14 Real-time Is Vital
Safet int i id
Ay malr.l e.nance using video 2000 Event of response absence 0.5£0.1s Vital
within the cab
Video detection system Safety maintenance using video 0(2012) . .
Real-time 0.5+0.1s Vital
within the vehicle 2000 (2017~)
Propagation at the event of accident 2000 Event of accident 0.5+0.1s Vital
Commander communication 45.6 Traffic generation basis 0.5£0.1s Vital
Operation & Station communication 45.6 Traffic generation basis 0.5+0.1s Vital
maintenance of train Portable communication 45.6 Traffic generation basis 0.5£0.1s Vital
Vehicle communication 45.6 Traffic generation basis 0.5+0.1s Vital
Railway customer service Vehicle passenger service 13.75 Real-time around the station 0.5+0.1s | Non-vital
o ) Tracking cargo movement path 14 Real-time around the station 0.5£0.1s | Non-vital
Freight information —
Real-time information T .
on management L 14 CY-site limited 0.5+0.1s | Non-vital
confirmation in CY
Railroad crossings . . . . . L .
. . Crossing control information system 14 Crossing adjacent region limited | 0.5+0.1s Vital
information system
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Table 7 Traffic characteristics and parameters of downlink data services (2012)

Service name Data rate (kbps) Session arrival rate Service activity Service priority
Train speed control 12.0 1.0000 1.0000 Vital
Service for passenger 13.8 0.0458 0.1250 Non-vital
Tracking cargo movement path 14.0 0.0417 0.0366 Non-vital
Real-time cargo handling information 14.0 0.0417 0.0366 Non-vital
Crossing control information 14.0 0.0153 0.1944 Vital




Table 8 Traffic characteristics and parameters of uplink data services (2012)

Service name Data rate (kbps) Session arrival rate Service activity Service priority
Transmission of train location 12.0 1.0000 1.0000 Vital
Railway infra monitoring 14.0 1.0000 0.3333 Vital
Service for passenger 13.8 0.0458 0.1250 Non-vital
Tracking cargo movement path 14.0 0.0417 0.0366 Non-vital
Real-time cargo handling information 14.0 0.0417 0.0366 Non-vital
Crossing control information 14.0 0.0153 0.1944 Vital
Electronic monitoring 14.0 0.0153 0.0269 Vital
Signal flag 14.0 0.0458 0.0017 Vital
Relay device 14.0 0.0153 0.0017 Vital
Induction device 14.0 0.0153 0.0017 Vital
Shunting signal 14.0 0.0153 0.0023 Vital
Shunting indication 14.0 0.0153 0.0017 Vital
Course indication 14.0 0.0153 0.0011 Vital
Railway switcher 14.0 0.0153 0.0017 Vital
Axle temp. detection 9.6 5.0000 0.1067 Vital
Obstacle detection 56.0 5.0000 0.0183 Vital
Drag detection 64.0 5.0000 0.0160 Vital
Weather monitoring 64.0 5.0000 0.0160 Vital
Rail temp. detection 64.0 5.0000 0.0160 Vital
Tunnel alarm 64.0 5.0000 0.0160 Vital
Line crossing detection 14.0 5.0000 0.0731 Vital
Track divergence device heating 14.0 5.0000 0.0731 Vital
Machine room monitoring 14.0 5.0000 0.0731 Vital
Safety switch 14.0 5.0000 0.0731 Vital
Earthquake monitoring 14.0 5.0000 0.0731 Vital
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Table 9 Source-Transmission datarate converting standard for
VOLTE service

VOLTE Data rate converting standard

Standard AMR-WB
Source data rate (kbps) 23.85kbps
Packet Tx Period (ms) 20ms
Tx dat: 1
» qata rale 41.44Kbps
(No encryption, kbps)
Tx data rat
oA 45.60kbps
(With Encryption, kbps)
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Table 10 Types and characteristics of uplink-downlink voice services

2012 2017 2022
. Voice activity Call
Service Data rate . Erlang/ . Num of Num of Num of
(Omni- blocking | Number i Number . Number .
Name (kbps) directi User required required required
irection) rate of UE of UE of UE
channel channel channel
C d
OmmAncer s 6 0.38 0.20 0.001 2 13 30 15 36 17
communication
Stati
auon 456 0.38 020 | 0.001 78 29 89 3 100 35
communication
Portabl.
ortavle 456 0.38 0.10 0.001 35 1 35 1 35 1
communication
Vehicle
o 45.6 0.38 0.10 0.001 66 13 90 17 108 19
communication
Railway police
. 45.6 0.38 0.10 0.001 5 5 5 5 5 5
device

Table 11 Types and characteristics of downlink video services

(2012)
Data Session . .
. . Service Service
Service name rate arrival vt forit
activi riori
(kbps) rate Y P Y
Video i
1deoin 500 10000 | 03333 Vital
platform
Crossi
TOSSINE 5000 | 00153 | 0.1944 Vital
observation

Jat
48 ehiz 9

e xﬂ%‘g o Al A
thEA AFE L DA 92> A H]iﬂ Session Arrival Rate
Table 12 Types and characteristics of uplink video services
(2012)
Data Session . .
. . Service Service
Service name rate arrival vt forit
activi riori
(kbps) rate Y P Y
Real-ti trai
catme Al 1) 600 | 02500 | 02000 | Vil
status monitoring
Safety vid
arety video 2,000 | 02500 | 0.1000 | Vital
within the cab
Video in platform | 2,000 0 1.0000 | Non-vital
Safety vid ithi Vital/
ACY VICCO W5 000 | 0.2500 | 05000 i
the vehicle Non-vital
P ti t the
ropagation &t e 109 0 1.0000 |  Vital
event of accident
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Table 13 Generated downlink traftic output (2012)

Table 14 Generated uplink traffic output (2012)

. . Data traffic . . . Data traffic . L
UE Classification Service Priority UE Classification Service| Priority
(kbps) (kbps)
Train control 5315 Data Vital Train control 733.3 Data Vital
Train driver voice in dri i icati i i
er v 2253 Voice Vital Train driver voice communication 2253 Voice Vital
communication Platform video for train driver 1,200.0 | Video | Vital
Platform video for 36667 | Video Vital _ Voice 2253 | Voice | Non-vital
train driver Train crew - -
Video 52 Data | Non-vital
Voice 2253 Voice Non-vital - - -
Train crew Station crew 502.5 Voice | Non-vital
Data 5.2 Data Non-vital - - -
Maintenance crew 190.6 Voice | Non-vital
Station crew 502.5 Voice Non-vital - - -
Freight train 0.3 Data | Non-vital
Maintenance crew 190.6 Voice Non-vital : - -
Crossing device 0.04159 | Data Vital
Freight train 0.3 Data Non-vital - — -
- - Electronic monitoring 0.00574 | Data Vital
Crossing device 6.0 Data Vital - -
- - - Signal flag 0.04950 | Data Vital
. ) Voice 0 Video Non-vital
Railway police - - Relay device 0.00037 | Data Vital
Data 86.6 Voice Non-vital
Induction device 0.00183 | Data Vital
Total 5439.9
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Shunting signal 0.00684 | Data Vital

Shunting indication 0.01467 | Data Vital

Course indication 0.02151 Data Vital

Railway switcher 0.02823 | Data Vital

Earthquake monitoring 5.1 Data Vital
Axle temp. detection 5.1 Data Vital
Obstacle detection 5.1 Data Vital
Drag detection 10.2 Data Vital
Weather monitoring 5.1 Data Vital
Rail temp. detection 5.1 Data Vital
Tunnel alarm 30.7 Data Vital
Line crossing detection 5.1 Data Vital

Track divergence device heating 204.8 Data Vital

Machine room monitoring 10.2 Data Vital
Safety switch 81.9 Data Vital
_ ) Video 0.0 Video | Non-vital
Railway police - - -
Voice 86.6 Voice | Non-vital
video within the vehicle 0.0 Video Vital
CCTV around the station 0.0 Voice | Non-vital
Total 3537.9
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Table 15 Change of downlink traffic amount
Amount of traffic (kbps/cell)

Classification
2012 2017 2022
Data 542.9 744.0 897.9
Service Voice 1,230.3 1,386.2 1,507.5
Video 3,666.7 5,000.0 6,000.0
Total 5,439.9 7130.2 8405.4

Table 16 Change of uplink traffic amount
Amount of traffic (kbps/cell)

Classification
2012 2017 2022
Data 1,107.6 1,457.1 1,740.5
Service Voice 1,230.3 1,386.2 1,507.5
Video 1,200.0 9,500.0 11,600.0
Total 3,537.9 12,3434 14,848.0

Table 17 Expected changes of system spectral efticiency [10]

Spectral efficiency (bps/Hz)

System 2012 2017 2022
3G
0.49 1.10 1.10
(WCDMA)
4G
(LTEWIMAX) 1.46 1.56 232

Table 18 Downlink frequency requirement change of an
integrated wireless network

) Bandwidth requirement (MHz)
Classification
2012 2017 2022
Data 0.37 0.48 0.39
Service Voice 0.84 0.89 0.65
Video 2.51 3.21 2.59
Total 3.73 4.57 3.62

Table 19 Uplink frequency requirement change of an integrated
wireless network

Bandwidth requirement (MHz)
Classification
2012 2017 2022
Data 0.76 0.93 0.75
Service Voice 0.84 0.89 0.65
Video 0.82 6.09 5.00
Total 2.42 791 6.40

TEA, 712A R AR A AM-E st gl A
TEAE Ao)g goln), d, & e 64QAM
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A= M6 M6=(2013E 122) 549

Table 20 Total frequency requirement of the railway integrated
wireless network

Bandwidth requirement (bps/Hz)

Direction 2012 2017 2022
Downlink 3.73 4.57 3.62
Uplink 2.42 791 6.40
total 6.15 12.48 10.02
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