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Abstract- Orthogonal Frequency Division Multiplexing
(OFDM) is a multicarrier transmission scheme. OFDM
transmits data by using a large number of narrow bandwidth
carriers. In an OFDM transmission system, each subcarrier is
attenuated individually under the frequency-selective and fast
fading channel if the same fixed transmission scheme is used
for all OFDM subcarriers thus it results in highest attenuation
and hence poor performance. The purpose of this paper is to
introduce the adaptive modulation to get an understanding of
the differences between fixed and adaptive modulations
schemes. In this work adaptive modulation is implemented by
dividing whole subcarriers into blocks of adjacent
subcarriers. Based on calculated average instantaneous signal
to noise (SNR) same modulation scheme is applied to all
subcarriers of same block. Here average bit error rate (BER)
performance of OFDM system under fixed modulation and
adaptive modulation is observed. Average BER performance
of these modulation techniques is observed with various
inverse fast Fourier transform (IFFT) size and using simpler
adaptive quadrature amplitude modulation (QAM) schemes.
The simulation results show that BER performance of OFDM
system using adaptive modulation is better than fixed
modulation.

Keywords- Adaptive modulation, orthogonal
division multiplexing (OFDM), bit error rate (BER).
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I. INTRODUCTION

OFDM based wireless systems are spectrally
efficient, but they are vulnerable to inter carrier interference
(ICI). In a wide area scenario, users will experience varying
signal strength due to different individual path loss and also
varying amount  of Doppler spread because of their
independent velocities. Therefore, the ICI among users will
vary over a wide range. Adaptive sub carrier bandwidth (ASB)
along with adaptive bit loading mitigates ICI in such
conditions, which will keep receivers simple while
maintaining maximum throughput in each situation. [1]
Adaptive modulation is introduced by presenting some of the
simpler adaptive quadrature amplitude modulation schemes
and their performance for both perfectly known and predicted
channels.[2]
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A sub-band spreading technique for
adaptive modulation (AM) in OFDM systems reduces
signalling overheads and averages frequency selective fading
channels causing different signal-to-noise ratio (SNR) values
for subcarriers in each subband. [3]The adaptive code-rate and
modulation OFDM system using punctured convolution code
and various constellation size maximizes total capacity and
adapt proper service for each user according to channel
conditions and transmit power  while maintaining
transmission’s quality of service (QoS) at the receiver.[4] The
system throughput of an OFDM system is enhanced by adding
turbo coding and adaptive modulation (AD). Each OFDM
block is individually modulated according to channel state
information acquired during the previous burst.[5]

This paper is organized as follows: The OFDM
system implementation is described in Section 2. Block
diagram of adaptive modulation is presented in Section 3.The
adaptation procedure and switching thresholds used in the
simulations are presented in Section 4.Simulation results of
the adaptive modulation systems is discussed in Section
5.Finally conclusions are made in section 6.

I1. OFDM SYSTEM

The concept of OFDM is the Orthogonality of
subcarriers. When sine wave is multiplied by another of
different frequency then area under sine wave multiplied by its
own harmonic is always zero.

If n and m are frequencies of sine waves then multiplied
sine waves is,

ft] = sinnwi 0 sinmwe {13
B simpls trieonometric s
('}"’]
{2

i o ;
ity — 20501 Ty wt — - cos(n + njwe

Thase two componsnts aresach a situseid, sothe
integral is aqual to zero overoneperiod

i) = i_[’-_'fn[.-l — miwt — _-_f cos{n + mwt (3
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whan sboveintzerals ars intepratad ovear range 0-2n
than

fti=0-0 (43
Wea conclude that when we multiply a sinuscid of

fraquency n by sines wave of frequency m then arza
under the product is zaro.

OFDM can be implemantad by FFT andIFFT. Lat

X —[Xp. X, X, ... X, ,]” denots input data after
serial to 1:1.5.1:.5]1=1 converter . Tha complex baseband
OFDM signal in time domain is given by

2() — = EUAX, e 0 <t S NT )

Wheara T is data period andyT is OFDM svmbol
duration sndyf _ #1’.5 the subcarriar spacing.

In adaptive OFDM transmission, all subcarriers in an
AOFDM symbol are split into blocks of adjacent subcarriers.
The same modulation is employed for all subcarriers of the
same block [1][2]. The choice of the modulations to be used
by the transmitter for its next OFDM symbol is determined by
the channel quality estimate of the receiver based on the
current OFDM symbol. In this simulation the instantaneous
SNR of the subcarriers is measured at the receiver. The
channels quality varies across the different subcarriers for
frequency selective channels. The received signal at any
subcarrier can be expressed as:

Ry = HoXo+ W, (6)

Whera¥, is the channal coafficiant at anv subcarriar,
X, is the transmitted symboland Wy, is the Gaussian

noise sample. 3o the instantanacus SHE can ba
calenlated using

SNR = {7)

1.1.]1=1'=-'\ 1:th=nnts=tmam=

For a real signal, x{n), samplad at f5 Hz, the noise
bandwridth will ba half the sampline rats. Therafors, we
find the averags power of tha noiss by multiplving the
power spactral density of the noise by the noiss

bandwridth:
N, =2k (&)
i, -0Omessided power spectral dansity of noise
in W/Hz.

111. BLOCK DIAGRAM

The block diagram of this system is shown in Figl.
The channel estimation and modulation selection are done at
the receiver side and the information is sent to the transmitter
using a feedback channel [6]. In this modulation the
adaptation is done frame by frame. The channel estimator is
used to estimate the instantaneous SNR of the received signal.
Based on the instantaneous SNR calculated, the best
modulation will be chosen for the next transmission frame.
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This task is done by the modulation selector block. At the
transmitter the adaptive modulator block consists of different
modulators which are used to provide different modulation
modulations. The switching between these modulators will
depend on the instantaneous SNR.

Data g=namior Encodar Adaptiva
n:ndnhxn

Hmdm)mﬂhl Hm
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Selectar

Channel
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Data out

L
" Decoder |._l Ada]lmedmdnhmH Parallel tozerial [ | FFT |

Figure. 1. Block diagram of Adaptive OFDM System

IVV. ADAPTIVE MODULATION ALGORITHM

The following figure shows instantaneous SNR of received
symbol for fixed MQAM techniques . It shows that when
fixed 64QAM is applied to system the instantaneous SNR is
less than 0.2 dB. Similarly when fixed 32QAM is applied to
system the instantaneous SNR is in the range 0.2dB to 0.5dB.
Also for 16QAM instantaneous SNR is in the range 0.5dB to
0.75dB and for 4QAM instantaneous SNR is in the range
1.1dB to 1.75dB. For fixed 2QAM ,system response shows
that , instantaneous SNR is more than 1.75dB.

Hence, it is clear that for higher modulation
instantaneous SNR is less as compare to lower modulation and
therefore 64QAM is utilized when instantaneous SNR is
greater than 1.75dB.Hence, from these instantaneous SNR
values switching threshold are made for adaptive modulation
as shown in Table 1. When instantaneous SNR is good then
higher modulation scheme is applied and vice versa

rebmeos SHR = g | Ho

(i} 5 0 15 L i 20
B8E In 6B

Figure. 2. Instantaneous SNR of fixed modulation
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The switching threshold for activating different modulations
can be determined by extensive simulation of the fixed
modulation system. the switching algorithm used for the
adaptive modulation is presented in Table 1.

TABLE 1. SWITCHING THRESHOLD FOR ADAPTIVE

MODULATION
Thr=shald Modnlzsm
1 14B<3NR= 1758 32QAM
0.734B2R] 14B 160AM
0.5dB=SNR0.754B R QAM
0 2dB<SNR=0 548 4 QAM
SNE<) 2 4B 2 QAM
SNEz 1754E 40AM

Following figure shows flowchart of Adpative
Modulation. It takes OFDM symbol as an input to AWGN
Channel receiver. This adds White Guassian noise into OFDM
symbol. Then, instantaneous SNR of received symbol is
calculated. This instantaneous SNR is compared with the
switching threshold values , as shown in Table 1, where it
checks the each threshold value against respective modulation
scheme.

Once it found appropriate switching threshold range, It select
respect modulation scheme for next OFDM symbol.

This selected modulation scheme information goes
simultaneously to transmitter and receiver. In this way, flow-
chart defines selection of modulation scheme based upon
instantaneous SNR of received symbol.

In the next section — ‘V Simulation Results and

Discussion’, we will analyse the BER performance of adaptive
modulation based upon switching threshold values.
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Figure. 3. Adaptive Modulation flow-chart
V. SIMULATION RESULTS AND DISCUSSION

In this simulation, the performance of adaptive
modulation is investigated in terms of BER performance. To
highlight the advantages of adaptive modulation comparison is
made with fixed modulation system under various IFFT size.
BER is calculated using following formula

Number of errvor bils per transmission
BER

Number of bits per transmission

Here IFFT size is denoted by N. For IFFT size N=64,
128, 256,512 ,1024,2048 BER performance has shown below.

The average BER for 2QAM is 0.244035 for IFFT
size N=64 and it is 0.043715996 for N=2048.

For 64 QAM the average BER is 0.974035 for IFFT
size N=64 and it is 0.961319 for N=2048. For adaptive
modulation the average BER is 0.979106 for IFFT size N=64
and it is 0.29479604 for N=2048. For higher IFFT size
adaptive modulation has low average BER as compared to
higher MQAM techniques such as 64QAM, 32QAM, 16QAM
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TasLE D
AVERAGE BEF. OF 20AM
SNR N-64 N-128 N-156 N-512 N-1024 N-2048
[] 0.31393 0.20336 0.193584 0.18344 0.1769 0.17722
3 0.31179 0.13571 0.12116 0.11478 0.11667 0.11359
[ 026143 | 0.07875 0.073839 0.07183 0.066698 0.070839
9 023464 | 0.044821 0.036071 0.035312 0.039063 0.034933
12 ] 0.023393 0.020893 0.018304 0.019754 0.018817
15 ] 0.0125 0.009373 0.01008% 0.0098661 0.01077
18 0.225 0.0067857 0.0055357 | 0.0050446 | 0.0053348 0.0059487
11 0.21893 | 0.0030357 0.0028571 | 0.0033482 0.003192 0.002433
24 0.20821 | 0.0019643 0.0011607 | 0.0012054 | 0.0011161 0.0016406
17 0.215 0.00089286 | 0.00071429 | 0.00075893 | 0.00064732 | 0.00094866
AVGEBER | 0.244035 | 0051321256 | 0.046544579| 0.044411213 | 0.043523032 ( 0.043715996
TABLE 3.
AveRace EER oF 4QAN
SNE N-64 N-118 N-156 N-512 N-1024 N-1048
0 0.60714 0.47 0.44063 04258 041717 041816
3 0.54107 0.34786 0.32545 0.32129 0.31049 0.30884
[ 0.49464 0.22929 0.21536 0.20563 0.20333 0.19922
E 0.47036 0.1325 0.13259 0.11652 0.11652 0.12258
12 043179 | 0.079464 | 0071339 | 0.070223 | 0.064911 | 0.061864
5 0.4225 0.038036 0.04125 0.04087 0.037835 | 0.03783%
18 0.425 0.017857 | 0.020357 | 0.020045 0.0172% 0.017377
21 0.44607 | 0.011429 | 0.010446 | 00098661 | 0.0079688 | 0.0087612
14 040071 | 0.0046429 [0.0052679 | 0.0046429 | 0.0044643 | 0.0028839
27 0.41071 | 0.0014286 | 0.0028571 | 0.0026339 [ 0.0020982 | 0.0023772
AVGBER | 0.46499% | 0.13325075 | 0.1265547 | 0.12177209 | 0.11524863 | 0.11508983
TAELE 4.
AVERAGE BEE. OF 160QAM
N- N- N- N- N-
SNR | N-64| 128 | 256 [ 512 | 1024 | 2048
052 [0.906 | 0.903 [ 0.504 | 0.599 | 0.898
0 036 | 23 48 13 83 2
050 [ 0.587 | 0.B8Z | 0.885 | 0.882 | 0.584
3 964 | 68 77 g g6 2
050 [0.861 | 0.862 | 0.564 | 0.861 | 0.839
] 25 61 41 & g3 19
0FE |0.549 [ 0540 [ 0.835 [ 0536 | 0.534
9 679 | 19 g9 13 2 65
087 [0.8II| 0.80% | 0.514 [ 0.809 | 0.807
12 25 68 04 15 8 46
086 |0.8I3[0.797 | 0.788 | 0.788 | 0.788
15 14 | 93 59 71 g6 06
086 [0.791 [ 0773 [ 0.770 [ 0.770 [ 0771
18 643 | 79 63 g9 67 69
087 [0.791 [0.776 | 0.769 | 0.763 | 0.781
21 679 | 43 34 24 19 33
086 [0.765 [ 0761 | 0.761 [ 0.759 | 0.754
24 429 | 38 15 ig 55 73
086 0773 [0.756 | 0.734 [ 0.753
27 036 | 0783 73 07 73 2
AVG | 0.55 | 0.830| 0.518 [ 0.B15 | 0.51Z| 0.511
BER | 218 | 502 | 218 | 012 | 765 | &57
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TAELE 5.
AVERAGE BEF. OF 32QAM
N- N- N- N- N-
SNR | N-64 | 128 | 256 | 511 | 1024 | 2048 4

0.936 | 0939 0.957 | 0.936 [ 0933
0 43 9 0.96 63 96 48
0.958 0947 | 0948 | 0931 | 0.94E
3 37 0.95 41 17 32 81
0948 [ 0945 0944 | 0543 | 0541 | 0941
f 93 71 2 33 16 33
0948 [ 0.936 | 0.935 | 0.931 | 0.929 [ 0.930
g 21 43 18 23 73 g1
0941 [ 0922 0917 | 0.914 | 0.916 [ 0.916
12 43 5 7 87 29 14
0937 (0911 | 0910 | 0905 | 0.906 | 0.903
15 5 43 43 98 52 11

0.93%9 [ 0910 0.897 | 0.894 | 0.893 | 0.893
18 29 89 32 82 7 44
0899 0.890 [ 0.B86 | 0.BE> [ 0.BE4
21 0.92 82 71 21 85 84
0.928 | 0.893 [ 0.B87 | 0.B83 | 0.BEI | 0.BEZ
14 21 37 41 71 92 96
0.939 ) 0.893 | 0.884 | 0.880 | 0.879 [ 0.578
27 29 39 46 8 71 21

AVG | 0541 | 0,922 | 0.917 | 0,914 | 0.914 | 0.5813

For IFFT size N- 64, 128, 256, 512, 1024 ,2048
theSNR vs BER graph has shown below for all MQAM
techniques and adaptive modulation. At SNR=0 dB and N-
2048, 2QAM has BER 0.17722 and 4QAM has BER 0.41816,
for 8QAM BER is 0.77773. At SNR=0 dB and N-2048
16QAM has BER 0.89892 and 32QAM hasBER 0.95548,
for 64QAM BER is 0.97994. Thus it has been observed that as
SNR varies from 0 to 27 dB , for lower modulation
techniques such as 2QAM

|BER|TBE|3H3|491|69T|41]3|545|

TAELE §.
AVERAGE BEER. OF 640AM
N- N- N- N- N-
SNE | N-64 128 156 512 | 1024 | 2048
0986 | 0982 | 0982 | 098 (05979 | 0979

0 43 iz 14 076 | 69 24
0.981 | 0976 [ 0980 | 097 [ 0978 [ 0978
3 a7 79 89 817 | 37 73
0.976 | 0976 [ 0973 | 097 (0976 [ 0974
f a7 07 43 451 03 83
0979 1 0973 [ 0973 | 097 0971 [ 0.970
g 29 18 3 165 [ 81 46
08973 1 0967 [ 0968 | 0.96 [ 0.964 [ 0.963
12 37 3 84 619 | 38 63

0.970 | 0962 [ 09539 | 0.96 [ 0.960 [ 0.938
91 031 38 48
09530 [ 0.95( 0.933 [ 0.952
36 35 77 06
0949 [ 094 [ 0.245 [ 0.947
11 911 33 08
0945 [ 054 [ 0943 [ 0944
27 29 71 33
0.967 | 0946 [ 0941 [ 093 | 0.942 | 0.941
27 14 213 79 665 [ 34 63
AVG | 0974 0.965 | 0.962 | 0.96 | 0.961 | 0.961
BER | 035 | 643 06 162 | 541 1%
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TABLE 7.

AVERAGE BER. OF ADAFTIVE MODULATICN

O.0EL | 0.0H05 | 0.0821 | 0.0B20 | D.0B2S | 0.9827
[ 43 4 4 3 T 3
0.370 | 03121 | 03210 | 03108 | 0.3156 | 03143
3 64 [ 3 T 3 3
01515 | 0.2500 | 0.2588 | D.2357 | 02361
£ |e3ss| 2 i 4 4 E
0.205 | 0.1862 | 0.1000 | 0.1033 | O.1800
3 7l i [ i i 0.1008
0.261 0.1256 | 0.1276 | 0.1266 | 0.1300
12 o7 | oiams| 2 i L ¥
0.248 | 0.0606 | 0.0750 | 0.0766 | D.0760 | C.0820
15 o3 43 B2 o6 71 £5
0.226 | 0.0376 | 0.0400 | 0.0400 | 0.0366 | 00411
15 ] 70 5D 38 o7 i
0.243 | 0.0207 | 0.0215 | 00221 | D.0135 | 0.0230
11 11 14 30 7 71 o6
0.251 | 0.0110 | 0.0107 | 0.0122 | D.OI26 | 0.01308
2 o7 71 14 7 i) [
D217 | O.0046 | 0.0065 | U.DDGE | D.OD61 | 0.0062
7 g6 | 420 | 3m3 304 | 607 | 054
AVG | 0344 | 07007 | 02025 | 0.2041 | 02035 | 02041
EER | 071 | 4900 | 1333 | 2584 | 6787 | 5564

4QAM,8QAM has less BER as

modulation such as 32QAM,64QAM.

compared to higher

Graphical results

matches with theoretical results for high value of IFFT
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Following results shows that at IFFT size N-1024
adaptive modulation has average BER 0.36013139 and
64QAM has 0.961941 ,for 32QAM average BER is 0.914403
and 2QAM has 0.043923932 average BER.

Figuel{l. BEEF. vz S, raph of adaptivae and fixed modulation & M-
1024

To further enhance adavantage of adaptive
modulation over fixed modulation average BER comparison is
made with IFFT size N=2048. Following analysis shows that
average BER of adaptive modulation is still less at higher
IFFT size but with fixed modulation average BER remains
still high remain..

TAZLED.
AVERAGE BEF. OF ADAPTTVE & FINED MODULATION AT M-
1024&2048
Modulation N-1024 N-2045
QAN 0043524 0043716
QAN 0118240 0.11800
BQAN 0605454 0602622
16QAM 0812765 0.811557
IIQAN 0914403 0.813543
E4QAN 0961841 0861318
ADAFTIVE T.I03565 [RELENE
= I:
= EN-1048
=
= 04 A M-2048
T 1
P e
Modulation

Figug= 11. Averaee BEEF. comparizon betwesn adaptive and fized
modulation
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In QAM modulation technique, by moving to a
higher- order constellation, it is possible to transmit more bits
per symbol. However, if the mean energy of the constellation
is to remain the same , the points must be closer together and
are thus more susceptible to noise and other corruption; this
results in a higher bit error rate and so higher-order QAM can
deliver more data less reliably than lower-order QAM, for
constant mean constellation energy. In order for the OFDM
carriers to remain orthogonal to each other, the channel
response must be approximately flat over the bandwidth of
each subcarrier For OFDM to operate effectively, the
frequency response must be approximately flat over the
bandwidth of a subcarrier. If insufficient subcarriers are used
then the frequency response changes too rapidly, leading to
degraded performance.

VI. CONCLUSION

In adaptive modulation, modulation rate changes
based upon value of an instantaneous SNR. The BER
performance comparison between fixed and adaptive
modulation shows that BER performance for all modulation
techniques is better, when IFFT size is greater than 512. For
all values of IFFT sizes, average BER of Adaptive modulation
is approximately 0.203568 and for higher order fixed
modulation it is approximately 0.913545 .Hence, it concludes
that BER performance of adaptive modulation is better than
fixed modulation with the cost of more execution time.
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