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ABSTRACT

In this paper, we examine the principle and signal processing method of orthogonal frequency division
multiplexing with index modulation (OFDM-IM). And then we evaluate throughput improvement of OFDM-IM
system according to user distribution in mobile communication and wireless local area network (WLAN)
environment and compare it with existing OFDM system. In OFDM-IM system, the tradeoff characteristic
between performance and efficiency is determined by setting the number of subcarriers used in the subblock. In
this paper, we present quantitatively the spectral efficiency of the OFDM-IM system using a range of digital
modulations. We also evaluate the throughput of the OFDM-IM system according to three user distribution
scenarios in mobile communication and WLAN environment, respectively, and compare it with the existing
OFDM system. Simulation results show that the OFDM-IM system achieves higher throughput than the OFDM
system in all environments. Especially, it is confirmed that the throughput improvement of the OFDM-IM system
is higher in the WLAN environment using the low-order modulation and in the scenario where the user is

concentrated at the edge of the cell.
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A sub-block consists of K subcarriers.
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Fig. 1. Block diagram of OFDM-IM transmitter.
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Fig. 2. Spectral efficiency of OFDM-IM system using
BPSK modulation.
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Fig. 6. Spectral efficiency of OFDM-IM system using
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Table 1. The considered modulations and code rates for
the mobile communication environment (256-QAM, 64-QAM)

Modulation 256-QAM 64-QAM
Code tate |092]0-86[0.77[0.6910.85]0.75[0.65[0.55]0.45
0de Tale | 58134 (83 | 43| 25|39 | 04 | 37 | 51

B 2. °olFsAl HE Sf&l we" wWxe) R
(16-QAM, 4-QAM, BPSK)

Table 2. The considered modulations and code rates for
the mobile communication environment (16-QAM, 4-QAM,
BPSK)

Modulation|  16-QAM 4-QAM BPSK
0.60/0.47|0.36|0.43|0.18]0.07|0.07|0.03|0.01

16 | 85|91 |8 |85 |62 |62| 81|91

Code rate
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Value
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Modulation
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Roll-off 035

factor

Cell radius Mobile environment : 1000m
U | WLAN environment : 100m

Mobile environment : 300+700=1000
- distribution by path loss : 300

# of total - distribution by channel condition : 700
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- distribution by channel condition : 70
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Table 5. The user distribution scenarios according to distance between base station and user in the mobile communication

environment (total 300 users).

Distance between
base station and 55.6 111.1 166.7 222.2 277.8 333.3 388.9 444 .4 500
user (m)
Modulation 256-QAM 64-QAM
Code rate 0.9258 0.8634 0.7783 0.6943 0.8525 0.7539 0.6504 0.5537 0.4551
Scenario #1 55 47 39 33 27 23 19 15 12
Scenario #2 7 9 11 13 16 19 23 28 33
Scenario #3 1 2 2 3 3 4 6 8 10
Distance between
base station and 555.6 611.1 666.7 722.2 777.8 833.3 888.9 944 4 1000
user (m)
Modulation 16-QAM 4-QAM BPSK
Code rate 0.6016 0.4785 0.3691 0.4385 0.1885 0.0762 0.0762 0.0381 0.0191
Scenario #1 9 7 5 3 2 2 1 1 0
Scenario #2 32 26 22 18 14 11 8 6 4
Scenario #3 11 14 18 22 26 32 38 46 54
957
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Table 7. The user distribution scenario according to
distance between base station and user in the WLAN
environment (total 30 users).

Distance
between base
station and
user (m)
Modulation 64-QAM | 16-QAM | 4-QAM | BPSK
Code rate 3/412/33/4]1/2]3/4]1/2]3/4]|1/2
# of users

for scenario #1

12.5| 25 |37.5| 50 |62.5| 75 |87.5| 100

11185 ]3 |2 110]O0

# of users
for scenario #2

# of users
for scenario #3
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Table 8. The user distribution according to distance
between base station and user in the mobile
communication environment (total 70 users).

s

Distance
between base
station and user

(m)

12.5 | 25 |37.5| 50 |62.5| 75 |87.5/100

Modulation Random selection [4-QAM or BPSK]
# of users

for scenario 9 91910, 9|8 ] 8] 8
#1~#3
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able 6. The user distribution with poor channel conditions in the mobile communication environment (total 700 users).

Distance between base

. 55.6 111.1 166.7
station and user (m)

2222 277.8 3333 388.9 444 .4 500

Modulation

Random selection [4-QAM or BPSK]

# of users

for scenario #1~#3 » 8 37

37 39 40 4 45

Distance between base

. 555.6 611.1 666.7
station and user (m)

722.2 771.8 833.3 888.9 944.4 1000

Modulation

Random selection [4-QAM or BPSK]

# of users

for scenario #1~#3 4 41 39

36 36 36 37 38
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Fig. 7. System throughput according to user distribution
model in the mobile communication environment.
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Fig. 8. System throughput according to user distribution
model in the WLAN environment.
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Table 9. System throughput comparisons of OFDM and OFDM-IM system in the mobile communication and WLAN

environments.
System Mobile communication environment WLAN environment
throughput Scenario #1 Scenario #2 Scenario #3 Scenario #1 Scenario #2 Scenario #3
OFDM 26422.77Mbps 15714.22Mbps 6802.08Mbps 2546.98Mbps 2018Mbps 1526.46Mbps
OFDM-IM 26807.57Mbps 16148.56Mbps 7275.79Mbps 2779.35Mbps 2276.38Mbps 1836.22Mbps
Throughput
nouE DU 384.8Mbps 43434Mbps | 473.71Mbps | 232.37Mbps | 258.39Mbps | 309.75Mbps
difference
Throughput
enhancement 1.46% 2.76% 6.96% 9.12% 12.8% 20.29%
ratio
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