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Abstract LTE and Wi-Fi networks provide wireless communication services to passengers in subway where the
number of network access fluctuates according to passenger movement. While the number of network access increase,
LTE can provide stable communication service but Wi-Fi suffers temporal access delay to network. This paper
analyzes the increase in access delay of Wi-Fi network according to increasing user in subway section by making
mathematical modeling of Wi-Fi network and simulation study. The access delay characteristics of Wi-Fi network is
measured along an subway line and the results are compared to the theoretical study. These results can be applied
to the connection method to build an efficient network structure between LTE and Wi-Fi interworking network and
the future introduction of LTE-R.
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Fig. 1. Wireless communication networks for subway
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Table 1. Wi-Fi Parameters used in simulation
Parameter Value
Slot time 9 US
DIFS 34 1S
SIFS 16 US
CW X Slot time
Backoff Time
s
CWmin 15
CWmax 1023
Data Rate (MCS 0: BPSK, 1/2) 6.5Mbps
Management Frame MAC  overhead .
(MAC header + FCS) 224 bits
ACK packet 112 bits
Preamble Length (SISO case)
(Short Training Field + Long .
Training Fieldl + SIG(signal) +Long | 289 HS * 16bits
Training Field2 + Serfice field
Doubling limit (m) 498
Maximum Retry limit (K) m+10
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Table 2. Measurement of LTE and Wi-Fi network
performance in train (Mbps)

LTE DL LTE UL | Wi-Fi DL | Wi-Fi UL
526 50.4 16.7 11.4 38
tunnel 425 16.9 11.1 34
527 56.4 17.2 12.1 35
tunnel 49.1 16.0 11.1 3.0
528 51.6 16.8 13.0 4.1
tunnel 45.6 16.0 11.5 35
529 472 16.1 11.0 2.9
tunnel 435 15.9 10.6 24
530 52.4 16.7 112 3.6
tunnel 47.8 13.4 10.2 2.8
531 46.4 13.9 9.4 3.1
g 432 13.9 9.8 2.1
532 50.1 14.5 10.1 3.4
tunnel 474 14.0 10.0 2.7
533 523 14.1 10.8 24
tunnel 475 10.9 10.5 2.1
534 37.8 112 8.1 14
tunnel 311 9.2 8.7 0.9
535 34.1 10.5 8.5 1.3




A &eB =R A6d A5E, 2015

Table 3. Measurement results of LTE performance in train

measurement list value
Total measuring repetition 30 times
Net consumption of data 1112MB

Average speed of

. 4.82MB,
downloading data 38.5Mbps (4.8 /s)

Average speed of

13. 1.73MB,
uploading data 3-8Mbps (1.73MBYs)

Average access delay time 37.8ms

Average access delay time 0.00%

maximum speed of

downloading data 56-8Mbps (7.32MBYs)

Minimum speed of

downloading data 19.6Mbps (245MB/s)

maximum speed of

uploading data 20.5Mbps (2.75MB/s)

Minimum speed of

uploading data 9.16Mbps (1.14MB/s)

maximum access delay time 53.7ms
Minimum access delay time 33.0ms
maximum loss factor 0.00%
Minimum loss factor 0.00%

Table 4. Measurement results of Wi-Fi performance in train

Imeasurement list value
Total measuring repetition 30 times
Net consumption of data 664MB

Average speed of

downloading data

Average speed of
uploading data

19.2Mbps (2.40MB/s)

16.2Mbps (2.03MB/s)

56.9ms
3.47%

Average access delay time

Average loss factor

maximum speed of
downloading data
Minimum speed of
downloading data

75.0Mbps (9.37MB/s)

0.06Mbps (0.01MB/s)

maximum speed of
uploading data

Minimum speed of
uploading data

60.0Mbps(7.50MB/s)

0.90Mbps (0.11MB/s)

maximum access delay time 690ms
Minimum access delay time 2.75ms
maximum loss factor 51.0%
Minimum loss factor 0.00%
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