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Abstract 

A growing trend has been observed in recent research in wireless communication systems. However, several 
limitations still exist, such as packet loss, limited bandwidth and inefficient use of available bandwidth that needs 
further investigation and research. In light of the above limitations, this paper uses adaptive modulation under 
various parameters, such as signal to interference plus noise ratio (SINR), and communication channel 19s 
distances. The primary goal is to minimize bit error rate (BER), improve throughput and utilize the available 
bandwidth efficiently. Additionally, the impact of Additive White Gaussian Noise (AWGN), Rayleigh and Rician 
fading channels on the performance of various modulation schemes are also studied. The simulation results 
demonstrate that our proposed technique optimally improves the BER and spectral efficiency in the long-range 
communication as compared to the fixed modulation schemes under the co-channel interference of surrounding 
base stations. The results indicate that the performance of fixed modulation schemes is suitable only either at 
high SINR and low distance or at low SINR and high distance values. Moreover, on the other hand, its performance 
was suboptimal in the entire wireless communication channel due to high distortion and attenuation. Lastly, we 
also noted that BER performance in the AWGN channel is better than Rayleigh and Rician channels with Rayleigh 
channel exhibiting poor performance than the Rician channel. 
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Abstract: A growing trend has been observed in recent

research in wireless communication systems. However,

several limitations still exist, such as packet loss, limited

bandwidth and inefficient use of available bandwidth that

needs further investigation and research. In light of the

above limitations, this paper uses adaptive modulation

under various parameters, such as signal to interference

plus noise ratio (SINR), and communication channel’s

distances. The primary goal is to minimize bit error rate

(BER), improve throughput and utilize the available

bandwidth efficiently. Additionally, the impact of Additive

White Gaussian Noise (AWGN), Rayleigh and Rician fading

channels on the performance of various modulation

schemes are also studied. The simulation results demon-

strate that our proposed technique optimally improves the

BER and spectral efficiency in the long-range communi-

cation as compared to the fixedmodulation schemes under

the co-channel interference of surrounding base stations.

The results indicate that the performance of fixed modu-

lation schemes is suitable only either at high SINR and low

distance or at low SINR and high distance values. More-

over, on the other hand, its performancewas suboptimal in

the entire wireless communication channel due to high

distortion and attenuation. Lastly, we also noted that BER

performance in the AWGN channel is better than Rayleigh

andRician channelswith Rayleigh channel exhibiting poor

performance than the Rician channel.

Keywords: adaptive modulation; BER; different

communication channels; M-PSK; M-QAM; SINR.

1 Introduction

Nowadays, the systems and technologies used in the

communication system are undergoing rapid technolog-

ical changes all over the world due to a fast-growing de-

mand for high data rates and quality of service (QoS) [1].

The next generation of wireless systems is required to

provide high data rates without extra bandwidth, higher

mobility, carrier frequency and link reliability [2]. It also

requires a high voice quality, high transmit power and

coverage, high quality and service as compared to the

present cellular mobile standard. The fast-growing use of

information networks and the increased data rates need to

implement new technologies to improve the performance

of wireless communication networks. Wireless communi-

cation affects the social life of human beings more and

more with the rapid development of technologies [3]. The

wireless communication system should be able to operate

in different environments (rural, urban and suburban),

including indoor and outdoor environments and in all

kinds of multipath and time-varying fading channels.

Often the transmitter and receiver source is far away

from each other and a direct line of sight (LOS) path is not

possible between them. The propagation of radio signals

that propagate through two or more paths from the trans-

mitter to receiver can be assumed as multipath propaga-

tion [4]. Hence, the multipath channel is used between the

two sources which are associated with some data loss.

Reducing the effect of multipath fading in wireless

communication andminimizing the effective error rate in a
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multipath fading channel is a challenging problem. The

channel variation is a key factor that reduces the perfor-

mance of a communication system [5]. The utilization of

specific modulation and coding schemes in existing

channels minimize the bit error rate (BER). This minimi-

zation of BER cannot be achieved by a high level of

transmit power or extra bandwidth due to infrastructure-

related constraints. Hence, recent research has been

concentrated on achieving high spectral efficiency (SE)

with minimum BER within a specific bandwidth, error-

free transmission and link reliability by using advanced

technologies such as Worldwide Interoperability for Mi-

crowave Access, orthogonal frequency division multi-

plexing (OFDM), adaptive modulation schemes, multi-

input multi-output (MIMO), and Long-Term Evolution.

Different mobile generations (such as 1G, 2G, 3G, 4G and

5G) use different modulation schemes and technologies.

The mobile wireless generation commonly refers to a

variance in the nature of the system, technology, fre-

quency, speed, latency, data capacity, etc. [6]. The wire-

less communication system’s efficiency is estimated from

the BER [7]. The spectral efficiencies and BER depend on

the modulation scheme, technology, and channel condi-

tion used in the mobile cellular communication system.

Different factors reduce the performance of a commu-

nication system such as interference, noise, propagation

loss, limitation of bandwidth and fading due tomultipath [8,

9]. The issues related to interference, hardware, andnoise are

quickly reduced in the digitally modulated systems as it re-

sists noise, interference, and offers bandwidth efficiency, as

compared to the analog modulated systems which needs

higher bandwidth to transfer symbols. Digital modulation

scheme is more compatible with current wireless technolo-

gies [10]. Digital modulation systems offer extra information

transmitting capacity, higher quality transmission, data se-

curity, swift system availability, and RF spectrum assigning

to support extra services [11, 12]. Thebestmodulation scheme

is dependent on many factors such as signal to noise ratio

(SNR), BER, high QoS, power proficiency, and cost [13, 14].

The performance of every modulation system is determined

bymeasuring its possibility of the error having a supposition

that the signal ispassing through theadditivewhite gaussian

noise (AWGN) channel [14].

Due to the increasing demand for lowBER and highQoS

in a wireless communication system, Hanzo and Torrance

have recommended an adaptive modulation system, which

refers to the alteration of different modulation schemes by a

transmitter according to the channel situation [10]. Adaptive

modulation needs accurate channel state information at the

transmitter side [15]. The authors suggested that an adaptive

modulation system should effectively utilize the available

bandwidth to increase data rate and decrease BER by

manipulating the wireless channel information existing in

the transmitter. This capability of adaptive modulation

showshigh-performance improvement, particularly over the

fading channel as compared to other systems, which are not

manipulating channel knowledge at the transmitter side.

Adaptive modulation is an attractive technology to improve

the transmission efficiency over wireless fading channels

with assured reliability [16]. Adaptive modulation is a tech-

nique to enhance the trade-off between BER and SE [5]. The

fundamental idea of adaptive modulation is the estimation

of channel variations and selecting the suitable transmission

parameters like modulation mode, power and coding rate

[17]. It allows a wireless system to find the highest digital

order modulation scheme concerning the channel circum-

stances considering the interference, path loss as a result of a

signal originating from another transmitter, the existing

transmitter power margin, and the sensitivity of the receiver

to attain low BER and better spectral efficiencies.

The adaptive modulation and coding (AMC) rely on

measured SNRandBER to choose the required code rate and

order of modulation. Higher-order modulation with higher

coding rate will be used for the improvement of SEwhen the

SNR is high. Specifically, if the SNR is high and BER is low,

higher coding rate and modulation order like 3/4 and

156-quadrature amplitude modulation (156-QAM) can be

used. In contrast, lower coding rate and order ofmodulation

such as binaryphase shift keying (BPSK) and 1/4 code rate to

keep link availability during worse conditions [18]. Howev-

er, the analytical approach is different from cognitive

implementation since single usermustwait for transmission

and packet transmission can be unsuccessful due to

colliding. The EnlightenedData Transport statistics for large

packet transmission with AMC are obtained. The trans-

mission of large packet allows multiple transmission slots

dependingon thebehaviourof the secondary channel [19].A

spectral efficient adaptive modulation scheme is proposed

andanalysed for heterogeneous two-way relaynetworkwith

a symbol-based network. The proposed scheme allows

transceivers to use various modulation schemes at different

bit rate and adjust these parameters to the channel condi-

tions. The proposed rate adaptation scheme effectively al-

leviates the propagation of error from the relay to

transceivers because the end-to-end BER has to be restricted

by QoS. The two modulation schemes used by both trans-

ceivers belonged to the same class [20].

There are various modulation schemes which allows

sending more bits per symbol for higher throughput.

Nevertheless, it is known that modulation schemes such

as 64-QAM and 16-QAM require better SNR to resolve

any interference and noise. Thus, wireless systems were
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intended to adjust suitable modulation order according to

channel situations [21]. To enrich BER in the MIMO OFDM

system, dynamic adaptive modulation schemes with for-

ward error correction code are employed. From the results of

BER vs. SNR relations of said system, high modulation

schemes send high data rates and have less immunity to

noise [22]. The authors in [23] have shown how interference

can be minimized by using modulation and coding. A very

few attempts were made to focus on switching mechanisms

to reduce the detrimental effects of interference in dense

networks. Even though QAM improve the performance

transmission for radio communication, it ismorenoiseprone

and since it contains an amplitude content, linear amplifiers

that are less effective and consuming more energy are

necessary for transmitter use. In case of a limited source of

power, N-minimum shift keying modulation schemes are

preferred over N-QAM adaptive modulation, as former

modulation does not suffer seriously from the non-linear

amplification of the transmitter, which distorts the signal

later. OFDM systems make full efficient use of the available

spectrum by splitting the channel into narrowband flat

fading sub-channels [24]. The high order QAM and coding

with higher code rate are used to boost the throughput of the

wireless channel to enhance the SE. The low order of QAM

shows a greater risk of demodulation error while the coding

schemewith higher coding rate results in less correction. The

SE and QoS performance of the wireless channel are con-

flicting, and the trade-off is necessary. Choosing the modu-

lation and the coding scheme carefully will accomplish the

trade-off. The AMC technique is commonly used in the

existing wireless systems to increase data rate and to fulfill

the QoS specification over the time-varying channel [17]. In

this study, we propose a novel adaptive modulation tech-

nique and analyze the overall performance of the system in

different conditions. To thebest of our knowledge, there is no

work, which uses similar constraints and systemmodel. The

main contributions of the study are given below:

– A distance-based threshold is proposed for adaptive

modulation scheme, with the objective to achieve the

target BER in the long-range communication cellular

system.

– This study presents the impact of co-channel interfer-

ence of base stations (BSs) on the user and overall

modulation schemes. The cumulative interference effect

of BSs in the cluster is included as signal to interference

plus noise ratio (SINR). The co-channel interference is

added with the desired signal of the transmitter and is

transmitted to the mobile user. Here the desired BS

which transmits the signal to the user variesmodulation

schemeaccording toSINR inadifferentwireless channel

to improve BER and throughput.

– Various modulation schemes and their BER perfor-

mances are estimated and analyzed in both AWGNand

realistic channel environments such as Rayleigh and

Rician fading channels.

The rest of this paper is organized as follows. Section 2

contains a methodology. Section 3 is about the simulation

results and discussion, and finally, conclusions are given

in Section 4.

2 Methodology

The transmission of different modulated signals such as 64-QAM,

16-QAM, quadrature phase shift keying (QPSK), and BPSK from a

transmitter to receiver, in the block diagram 1 is affected by attenua-

tion, distortion, and interference due to the multipath channel

impairment. The modulator selector which acts as a feedback path for

the transmitter gets information about SINR and distance in a multi-

path channel which is estimated by the channel estimator, which in

turn, is a part of the receiver. The modulator selector then gives this

information to the transmitter to change modulation schemes ac-

cording to the SINR and distance of modulated signal in themultipath

channel. The model of adaptive modulation is given in Figure 1.

The equation for estimation of SINR [25, 26] of different modu-

lated signals is given below

SINR = P

I + N
(1)

where P is the power of central BS, I is the combined co-channel

interference of six BSs on the assumed mobile user which is commu-

nicating and is at 3 km distance, making 35° angle with central BS and

N is the channel noise power. Interference power between the user and

surrounding BS is given in Eq. (2)

P = P0(d0

d
)n

(2)

where n is a constant path loss exponent with a value of 2 for free

space and d0 is the reference distance and we have taken it to be

equal to 100 m because it is 100 m or 1 km in the outdoor environ-

ment. P0 is the received power at a reference distance d0 which is

given below in Eq. (3)

P0 = λ2PtGTGR

(4π)2d2
0

(3)

where the wavelength of the signal is λ, Pt is the transmitted power,GT

is transmitter antenna gain while GR is the receiver antenna gain. To

find d, the distance between a user and interfering BSs, we first findD,

the distance between central BS and co-channel BSs as under:

D = R
̅̅̅
3N

√
(4)

where R is the radius of the BS and is assumed to be 6 km, N = 7 is the

cluster size in our case. The six-co-channel BSs make an angle of 30°,

90°, 150°, 210°, 270°, 330° with the central BS. We can find the co-

ordinates of each of the six co-channel BSs using the following

equation

R. Khan et al.: Efficient AM over wireless channels based on distance and SINR 3



X = D cos(θ) (5)

Y = D sin(θ) (6)

here D is the distance and θ is the angle between the central and co-

channel BS. In the same way, we can find the coordinates of all

surrounding six BSs. The coordinates of the mobile user can also be

found by the above equation by taking D′ = 3 km and θ′ = 35°.

Thereafter, the distance between the mobile user and each sur-

rounding BSs is measured by the following Euclidean distance

equation,

di =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
(Xi − Xmobile user) − (Y i − Ymobile user)

√
(7)

In the above equation Xi, Yi, and Xmobile user, Ymobile user are the X

and Y coordinates of the ith surrounding BSs andmobile user location

respectively. After finding di, we have found the interference power

from the surrounding six BSs, whereas the interference power P(I) is

the summation of interference power of ith co-channel BSs as given in

the following equation,

P(I) = ∑
6

i=1
P(I)i (8)

To measure the probability of error of BPSK and QPSK in AWGN

channel, we use the below equation,

Pb = Q⎛⎝
̅̅̅
2Eb

N0

√ ⎞⎠ (9)

here, Eb is the energy per bit while N0 is the noise power per bit and Q

function is equal to Q(x) = 1̅
2̅π

√ ∫∞
x
exp(t2 /2)dt. The following Eq. (10)

represents the probability of error of M-QAM [27, 28] modulated signal

in AWGN channel,

Pb = 4

̅̅
M

√
− 1̅̅
M

√ Q⎛⎝
̅̅̅̅̅̅̅̅̅
3

M − 1

XEb

N0

√ ⎞⎠
− 4( ̅̅

M
√

− 1̅̅
M

√ )2

Q2⎛⎝ ̅̅̅̅̅̅̅̅̅
3

M − 1

XEb

N0

√ ⎞⎠ (10)

hereX = log2M is the number of bits per symbol andM is the size of the

modulation constellation. The XEb = Es, Es is the energy per symbol, if

Es is used then Pbwill be replaced by Ps and Eq. (10) can be alsowritten

as given below,

Ps = 4

̅̅
M

√
− 1̅̅
M

√ Q⎛⎝
̅̅̅̅̅̅̅̅̅

3Es

N0(M − 1)

√ ⎞⎠ − 4( ̅̅
M

√
− 1̅̅
M

√ )2

Q2⎛⎝ ̅̅̅̅̅̅̅̅̅
3Es

N0(M − 1)

√ ⎞⎠
The Eq. (11) is used to calculate the probability of error of MPSK in

a fading channel environment

Pb =
1

π
∫(M−1)π/M
0

∏
L

l=1
Mγl(− sin2(π/M)

sin2
θ

)dθ (11)

Theprobabilityof errorofMQAMin fadingchannel is given inEq. (12)

Pb =
4

π
(1 − 1̅̅

M
√ ) ∫π/2

0
∏
L

l=1
Mγl(− 3/(2(M − 1))

sin2
θ

)dθ
−4
π
(1 − 1̅̅

M
√ )2

∫π/4

0
∏
L

l=1
Mγl(− 3/(2(M − 1))

sin2
θ

)dθ (12)

The probability of error of MPSK and MQAM for Rayleigh and

Rician channels is the same with the only difference being Mγl.

Mγl for Rayleigh is in Eq. (13) and Mγl for Rician channel is given

in Eq. (14)

Mγl(s) =
1

1 − sγl
(13)

Mγl(s) =
1 + N

1 + N − sγl
e

[ Nsγl
(1+N)−sγl

]
(14)

where γl is the SNR per symbol per branch and is equal toΩl
XEb

N0
/L,Ωl is

the power of the fading amplitude r and is equal to Ω = E[r2] and L is

the number of diversity branches. N is the ratio of energy in the

specular component to the energy in the diffuse component. γl = γl for

identically distributed diversity. To find SINR and BER vs. distance

relation, themobile usermoves around the BS in coverage area 6 kmof

velocity V, the frequency of the signal is fc. The received signal power

equation is given below

P(r) = Pt + Gr + Gt − Lc − Ploss (15)

In Eq. (15), Lc is the transmission loss of the antenna signal, Pt is

the transmitted signal power and Ploss is the path loss. The Ploss

equation [29–31] is given below

P(loss) = 32.44 + 20log10(d) + 20log10(fc) (16)

Modulation

64QAM/16QAM/QPSK/BPSK
Bit Stream

Bit Stream

SINR/Distance

Estimator

Modulation

Selector

Multipath 

Channel

E
nd

Start

Destination 
Demodulation

64QAM/16QAM/QPSK/BPSK

Information 

Source

Receiver 

  Transmitter 

Figure 1: Block diagram of adaptive modulation system.
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where d is the distance from the central BS at which the SINR and BER

are measured, and fc is the frequency of the transmitted signal. The

SINR in dB at distance d can be measured using the following Eq. (17)

SINR(dB) = P(r)dB − P(Noise)dB − P(I)dB (17)

Finally, the equation to calculate SINR is given as under

P(r) = Pt + Gr + Gt − Lc − (32.44 + 20log10(d) + 20log10(fc))
− P(Noise) − P(I) (18)

3 Simulation results and

discussion

In this section, we show the performance of various mod-

ulation schemes such as BPSK, QPSK, 16-QAM, and

64-QAM used for the adaptive modulation in terms of BER

vs. distance and SINR vs. distance after including the co-

channel interference of six BSs in AWGN, Rayleigh and

Rician fading channels. We compare the performance of

the adaptivemodulation schemewith the performance of a

fixed modulation scheme. The interference from co-

channel BSs add to the desired signal and is transmitted

to AWGN, Rayleigh and Rician channels. Figure 2 shows

the distance and angle of central BS with six co-channel

BSs and also shows the distance between the mobile user

and co-channel BSs.

The mobile user is at 3 km, making 35° angle with

central BS having a coverage area of 6 km experiencing co-

channel interference from surrounding six co-channel BSs.

The six co-channel BSs are equidistant 27.49 km from

central BS making angles of 30°, 90°, 150°, 210°, 270° and

330°with the central BS (see Figure 2). Each co-channel BS

has unique coordinates and has a different distance from

the mobile user. The distance between each interfering BS

and the targeted mobile user is 24.50 km, 25.88 km,

28.87 km, 30.46 km, 29.31 km and 26.35 km which can be

seen in Figure 2. The mobile user experiences different

levels of interference from each interfering BS. The

changing position of a mobile user varies the distance and

interference between that user and co-channel BSs. This

causes a variation in BER and SINR of modulated signals

such as BPSK, QPSK, 16-QAM and 64-QAM used for adap-

tive modulation in AWGN, Rayleigh and Rician channels.

The performance of modulation schemes in wireless

communication systems is determined by BER. The simu-

lation parameter values are listed in Table 1.

3.1 AWGN channel

Figure 3 shows that the BER of various modulation

schemes has a direct relationship with distance, while

Figure 4 shows that the SINR has an inverse relationship

with distance in the AWGN channel. Table 2 provides an

explanation of Figures 3 and 4 by demonstrating the rela-

tionship between BER, distance and SINR. As can be seen

in Table 2, BER and SINR have an inverse relation. The BER

of different modulation schemes at different distances and

SINR values in the AWGN channel has been given in Ta-

ble 2. In Figure 3, BPSK andQPSK signals overlapwith each

other because the difference in BER of BPSK and QPSK is

very low, and can also be seen this small BER difference in

Table 2. The left side of 0 at x-axis in Figures 3 and 4, the

values of distance are negative, it is noted here that the

distance is a scalar quantity and it is always positive so

distance cannot be negative. Here it is the directed distance

which can be negative, zero and positive vector but the

magnitude of directed distance will be always positive.

Figure 3 and Table 2 show that the BPSK has the lowest

BER with a low data rate while 64-QAM has the highest

value of BERwith a high data rate in AWGNchannel. This is

X-axis

BS-1

BS-2

BS-3

BS-4

BS-5

BS-6

mk
9

4.
7

2
m k

9
4 .

7
2 2

5
.8

8
 km

Mobile 

User

2
9

.3
1

 km

90.0°

142. 2°

218. 5°

270.0°

320.9°

90˚
150˚

210˚
270˚

330˚

Central-BS

Figure 2: Illustration of distance and angle between co-channel

BSs and central BS and distance between mobile user and co-

channel BSs.

Table : Parameters used in simulation.

Parameters Specification

Frequency  GHZ

Transmitted power Pt  dBm

Modulation schemes BPSK, QPSK, -QAM, -QAM

Channels AWGN, Rayleigh, Rician

Radius of cell  km

Wavelength . m

Reference distance do  m

GT = GR 

Co-channel BSs 

Distance between user and

central BS

Simulation tool

 km

MATLAB
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due to the constellation diagram of modulation schemes.

Constellation diagram of low order modulation schemes

like BPSK and QPSK is relatively simple. In the BPSK

constellation diagram, there is a 180° phase angle between

the twomessage points [32] while in theQPSK constellation

diagram, the fourmessage points are equidistant and there

is a 90° phase angle between two adjacent symbols that are

far away from each other. Thus, BPSK and QPSK are more

immune to a channel variation and the effect of noise,

attenuation, distortion and other internal or external dis-

turbances of fading channels lowering BER. The effect of

channel onBPSK is lowdue to a large distance between two

message points in the constellation diagram and cause low

BER as compared to QPSK. The BPSK and QPSK are the

most suitable signals during poor link stability, high

transmission range and lowSINR to suggest an appropriate

BER in the transmission of BPSK and QPSK signal from

transmitter to receiver.

The 16-QAM and 64-QAM have complex constellation

diagram in the form of more amplitude level and phase,

and that there might be more message points in IQ plane

which are very close to one another. If the average energy

of the constellation diagram of QAM remains constant, the

symbols are required to be very near to one another that

causes QAM less immunity to channel variations. The high

order modulation schemes need high SINR to precisely

demodulate transmitted signals because high order mod-

ulation schemes such as QAM are more exposed to noise,

interference, non-linear distortion and multipath fading

[33] thus causing high BER. The distortion, attenuation and

noise effects of fading channels on a 64-QAM signal are

more catastrophic in comparison to a 16-QAM signal due to

more symbol points in a constellation diagram which are

very close to each other thus causing high BER. The

16-QAM and 64-QAM signals are more suitable for trans-

mission during favourable channel conditions and low

Figure 3: BER vs. distance of differentmodulation schemes in AWGN

channel.

Figure 4: SINR vs. distance in AWGN channel.

Table : BER vs. distance and SINR of various modulation schemes in AWGN channel.

AWGN Channel

Distance (m) SINR (dB) BER

BPSK QPSK -QAM -QAM

 . . . . .

 . . . . .

 . . . . .

 . . × 
−

. × 
−

. .

 . . × 
−

. × 
−

. × 
−

.

 . . × 
−

. × 
−

. × 
−

. × 
−

  . × 
−

. × 
−

. × 
−

. × 
−

6 R. Khan et al.: Efficient AM over wireless channels based on distance and SINR



transmission ranges causing less degradation. Table 3 de-

scribes the data rate and the minimum distance between

adjacent symbols.

The BER, distortion, attenuation and the noise of a

channel increase and SINR decrease as the physical dis-

tance between transmitter and receiver increases in a

fading channel. The adaptive modulation varies in

different order modulation schemes based on the switch-

ing threshold values of SINR and distance in AWGN

channels to achieve target BER value of 10−2, minimizing

the effects of a wireless channel to enhance the BER per-

formance, and thus increasing the throughput of the sys-

tem. Throughput is the number of messages successfully

delivered per unit time from transmitter to receiver in a

wireless channel. The BER and SINR vary as the distance

varies in a wireless channel. The low distance from the

transmitter source causes low BER and high SINR resulting

in high throughput while high distance causes high BER

and low SINR thus minimizing the throughput. The

threshold line of BPSK, QPSK, 16-QAM, and 64-QAM in

Figure 4 shows the switching threshold values of SINR and

distance while Figure 5 shows the switching threshold

values of a distance of said modulation schemes in AWGN

channel to achieve target BER value of 10−2. The BER values

are computed from Figure 3. Figure 5 shows that the

16-QAM and 64-QAM are employed for a large distance

while QPSK and BPSK are employed for short-distance

communication in the AWGN channel. This is due to the

fact of low effects of AWGN channel on modulated signals

and because the performance of higher order modulation

schemes is better at favourable channel conditions, which

are available near to the transmitter source.

3.2 Rayleigh channel

Figure 6 shows that BER of different modulation schemes

varies with distance and like AWGN channel, the BER of

BPSK, QPSK, 16-QAM, and 64-QAM have a direct relation

with distance. Figure 7 shows that SINR varies with distance

and have an inverse relationship in a Rayleigh fading

channel. Table 4 describes Figures 6 and 7 and illustrates

BER, distance and SINR relationship in Rayleigh channel.

Table 4 exhibits that the BER and SINR have an inverse

relation. Table 4 shows the BER of different modulation

schemes at different distance and SINR values and shows

that the BER of different modulation schemes is high at low

SINR values in Rayleigh channel in comparison to theAWGN

channel at same distance values (see Table 2). Thus, the

performance of modulation schemes in Rayleigh channel is

poor than in AWGN channel because of the non-line of sight

path between transmitter and receiver, and a signal is

transmitted to the receiver through many multipath tracks.

Table : Data rate and relative minimum distance between

constellation points according to modulation schemes.

Modulation schemes Relative minimum distance Data rate

BPSK  

QPSK 
ffiffi


p 

-QAM 
ffiffiffiffi


p 

-QAM 
ffiffiffiffi


p 

Figure 5: Illustration of distance-based selection of various modu-

lation schemes in AWGN channel.

Figure 6: BER vs. distance of different modulation schemes in

Rayleigh channel.
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The signal is affected by phenomena such as diffraction,

reflection, scattering and absorption which causes high

channel degradation, distortion and attenuation in the

signal. Thus, it causes a large number of errors in BPSK,

QPSK, 16-QAM and 64-QAM modulation techniques in Ray-

leigh channel as compared to AWGN channel. In the AWGN

channel, the onlynoise is added to themodulated signal and

the path loss in the AWGN channel is due to the distance

between transmitter and receiver and as a result, the per-

formance of a modulated signal is good in AWGN channel

than Rayleigh channel. The variation of distance varies the

BER, SINR, interference and path loss of modulated signal,

which in turn vary the effect of multipath fading channels.

The BER of different modulation schemes is not

decreasing further below 1000 m and is constant as shown

in Table 4. The simulation results show that the same

modulation schemes have different BER in different chan-

nels and different modulation schemes have different BER

in the same channel (see Tables 2 and 4).

We use adaptive modulation schemes based on

switching threshold values of SINR and distance to choose

low order modulation schemes such as BPSK and QPSK in

high transmission range with low SINR while we chose

higher-order modulation schemes such as 16-QAM and

64-QAM in low transmission range with high SINR in

Rayleigh fading channel to achieve target BER of 10−2. This

results in minimizing the BER, decreasing interference and

mitigating the effect of different phenomena such as

distortion, attenuation, and noise on modulated signals in

a multipath Rayleigh fading channel. The threshold line of

BPSK, QPSK, 16-QAM and 64-QAM in Figure 7 shows the

switching threshold values of SINR and distance while

Figure 8 shows the switching threshold values of distance

of BPSK, QPSK, 16-QAM and 64-QAM signals in Rayleigh

channel to achieve target BER value of 10−2.

Figure 8 shows that the 64-QAM and 16-QAM are

employed for short coverage area while QPSK and BPSK for

large coverage area in Rayleigh channels as compared with

AWGN (see Figure 5). This is due to high distortion, atten-

uation and path loss of multipath Rayleigh fading channel

on modulated signals and hence the performance of QPSK

and BPSK is good at unfavorable channel conditions as

compared to 64-QAM and 16-QAM modulation techniques.

InAWGNchannel, the effect of channel is low andhence the

64-QAM and 16-QAM are selected for large coverage area

while QPSK and BSPK are selected for short coverage area.

3.3 Rician channel

Figure 9 describes that the BER of different modulation

schemes decreases or increases with a decrease or increase

in distance respectively. Figure 10 shows that SINR in-

creases or decreases with a decrease or increase in distance

respectively in the Rician channel. Figures 9 and 10 are

further described in Table 5. Table 5 shows BER, SINR and

Figure 7: SINR vs. distance in Rayleigh channel.

Table : BER vs. distance and SINR of various modulation schemes in Rayleigh channel.

Rayleigh Channel

Distance (m) SINR (dB) BER

BPSK QPSK -QAM -QAM

 . . . . .

 . . . . .

 . . . . .

 . . . . .

 . . . . .

 . . . . .

 . . . . .
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distance relation and also demonstrates that the BER of

different modulation schemes decreases with increasing

value of SINR and vice versa in the Rician channel.

Figure 9 and Table 5 show that the BER of different

modulation schemes in a Rician channel is higher than in

an AWGN channel (see Figure 3 and Table 2) and lower in

Rayleigh channel (see Figure 6 and Table 4) at same dis-

tance values. Tables 2, 4 and 5 also show that the SINR of

the Rician channel is lower thanAWGNchannel and higher

than the Rayleigh channel at same distance values. Table 5

shows that the BER of proposed modulation schemes in

Rician channel are constant like BER in Rayleigh channel

at low distance values and are not decreasing further.

The Rician channel has low BER with high SINR in

comparison to the Rayleigh channel which has high BER

with low SINR. The Rician channel has high BER with low

SINR as compared to AWGNwhich exhibits a low BER with

high value of SINR. This is due to the signal received at the

receiver through several weak multipath and at least one

dominant LOS path in the Rician channel while there is no

LOS path in Rayleigh channel and in AWGN channel only

noise is added to the signal. This causes low channel

degradation andhenceminimal effects of phenomena such

as diffraction, reflection, scattering and absorption of a

signal that results in low distortion and attenuation in

signal along with noise in the Rician channel thus causing

low BER in comparison to Rayleigh channel and higher in

comparison to AWGN channel.

The simulation results show that BPSK has the lowest

BER and low data rate while 64-QAM has the highest value

of BER with high data rate in all three wireless fading

channels and this is due to constellation diagramwhichwe

have explained in detail in the AWGN channel section. The

simulation results show that the performance of fixed

modulation schemes is not suitable in the entire AWGN,

Rayleigh, and Rician channels due to high distortion and

attenuation, causing a high error in transmitted signal

which degrades the system performance. The performance

of fixed modulation schemes is better at a specific value of

SINR and distance. The fixed modulation schemes are not

bandwidth efficient because the same modulation scheme

is used for good and poor channel circumstances.

The switching threshold values for distance and SINR

of Rician channel are given in Table 6 according to which

different order modulation schemes are varying to achieve

Figure 8: Illustration of distance-based selection of various modu-

lation schemes in Rayleigh channel.

Figure 9: BER vs. distance of differentmodulation schemes in Rician

channel. Figure 10: SINR vs. distance in Rician channel.
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target BER value of 10−2. This way enhances the perfor-

mance of the Rician channel in terms of BER, decreasing

interference from surrounding co-channel BSs, maxi-

mizing the throughput of the system, and reducing the

fading effect of the Rician channel. The threshold lines of

BPSK, QPSK, 16-QAM, and 64-QAM in Figure 10 show the

switching threshold values of SINR and distance while

Figure 11 shows the switching threshold values of a dis-

tance of BPSK, QPSK, 16-QAM, and 64-QAM to achieve

target BER value of 10−2 in Rician channel.

Table 6 shows that the coverage area of 64-QAM and

16-QAM in a Rician channel is larger than in a Rayleigh

channel and shorter than in an AWGN channel. Similarly,

the coverage area of QPSK and BPSK in a Rician channel is

shorter than in a Rayleigh channel and larger than in an

AWGN channel. Figure 11 shows the coverage length of

different modulation schemes in the Rician channel. Ta-

ble 6 is the summarized form of all simulation results in

AWGN, Rayleigh, and Rician channels. The BPSK, QPSK,

16-QAM, and 64-QAM vary according to the switching

threshold values of distance and SINR given in Table 6

in AWGN, Rayleigh and Rician channels to achieve target

BER. Table 6 explains the switching threshold values of

different modulation schemes according to SINR and dis-

tance in Figures 4, 7, and 10 in AWGN, Rayleigh and Rician

fading channels respectively. This also shows the expla-

nation of the switching threshold values of different

modulation schemes according to the distance in Figures 5,

8, and 11 in AWGN, Rayleigh and Rician fading channels

respectively to achieve target BER. This shows that the

performance of AWGN channel is better than Rayleigh and

Rician channels with Rayleigh channel exhibiting poor

performance than the Rician channel in terms of BER and

SINR at the same distance values.

Figure 12 shows the radio coverage areas of BPSK,

QPSK, 16-QAM, and 64-QAM modulation schemes in

Table : Illustration of switching threshold values of distance and SINR for various modulation schemes in AWGN, Rayleigh and Rician

channels.

Distance (m) SINR (dB) Modulation Schemes Target BER

AWGN Rayleigh Rician AWGN Rayleigh Rician

– – – .–. .–. .–. BPSK 
–

– – – .–. .–. .–. QPSK

– – – .–. .–. .–. -QAM

– – – ≥. ≥. ≥. -QAM

Figure 11: Illustration of distance-based selection of various mod-

ulation schemes in Rician channel.

Table : BER vs. Distance and SINR of various modulation schemes in Rician channel.

Rician Channel

Distance (m) SINR (dB) BER

BPSK QPSK -QAM -QAM

 . . . . .

 . . . . .

 . . . . .

 . . . . .

 . . . . .

 . . . . .

 . . . . .
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AWGN, Rayleigh and Rician channels to achieve the target

BER value of 10−2. Figure 12 has been drawn based on the

switching threshold values of a distance of various mod-

ulation schemes in AWGN, Rayleigh and Rician channels

given in Table 6. The distance-based threshold values of

various modulation schemes of AWGN, Rayleigh and

Rician channels are shown in Figure 12 to illustrate the

performance of different modulation schemes in the three

aforesaid channels.

The samemodulation schemes have different coverage

areas in different channels and different modulation

schemes have different coverage areas in the same or

different channels. High order information rates such as

64-QAM and 16-QAM are more bandwidth efficient but

degrade the performance of the system in terms of BER.

Thus 16-QAM and 64-QAM require a high level of SINR

because high order modulation schemes such as QAM is

more exposed to noise, interference, non-linear distortion

and multipath fading and high level of SINR is available

at low transmission range, low fading, and favourable

channel conditions. We employ low order information

rates such as BPSK andQPSK at a low level of SINR because

the performance of BPSK and QPSK is better than 64-QAM

and 16-QAM causing low errors while low SINR level is

available at high transmission range, high fading, and

unfavourable channel conditions. Thus, using various

modulation schemes for adaptive modulation is the opti-

mum way of minimizing errors and maximizing the

throughput of a system and hence achieving precise

transmission of a signal to large radio coverage areas.

The previous research works are studied and

compared with our proposed technique based on several

comparison criteria such as wireless channels, Distance,

SINR, SNR, modulation types and outcome performance

(BER). The following comparison Table 7 is added to

compare our proposed work with previous published pa-

pers. As can be seen, the proposed work is better than the

approaches proposed by other people.

4 Conclusions

In this study, the BER vs. SINR and distance and SINR vs.

distance of BPSK, QPSK, 16-QAM and 64-QAM in AWGN,

Rayleigh and Rician channels are discussed in detail. The

simulation results show that our proposed solution for

adaptive modulation gives better results in achieving

target BER of 10−2 according to SINRanddistance inAWGN,

Rayleigh and Rician fading channels which reduces errors

during signal transmission achieving high throughput as

compared to fixed modulation schemes. A fixed modula-

tion scheme is not suitable in these three whole wireless

channels due to the high effects of noise, distortion,

attenuation, and fading. The effect of co-channel interfer-

ence from surrounding six BSs on amobile user which is at

3 km distance with central BS is taken into consideration.

The variation in the number of co-channel BSs, the dis-

tance between co-channel BSs and central BS, and the
Figure 12: Illustration of distance-based selection of various mod-

ulation schemes in AWGN, Rayleigh and Rician channels.

Table : Comparison with the state-of-the-art.

Previous

work

Technique Modulation type Channel Distance SINR SNR Outcomes in terms of considered performance

criteria (BER)

[] Adaptive

modulation

BPSK, QPSK,

-QAM

Rayleigh ✗ ✗ ✓ 
− dB

[] Adaptive

Modulation

BPSK, QPSK,

-QAM, -QAM

AWGN ✗ ✗ ✓ 
− dB

[] Adaptive

modulation

QPSK, -QAM,

-QAM

AWGN, fading

channel

✗ ✗ ✓ . dB

Proposed

work

Adaptive

modulation

BPSK, QPSK,

-QAM, -QAM

AWGN, Ray-

leigh, Rician

✓ ✓ ✗ “AWGN = .–. × 
− dB”

“Rayleigh and Rician fading ≈ 
− dB”

“
− to . × 

− dB in AWGN channel of

proposed work as compared to [] in same SNR

range”
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position of mobile user vary the co-channel interference,

thereby varying the performance metrics such as BER, and

SINR of a wireless communication system. The BER per-

formance in the AWGN channel is better than in Rayleigh

andRician channelswith Rayleigh channel exhibiting poor

performance than the Rician channel. The BPSK has the

lowest BER with low bandwidth-efficient while 64-QAM

has the highest BER with more bandwidth-efficient due to

simple and complex constellation diagram respectively in

the three channels. The 64-QAM and 16-QAM have large

while BPSK and QPSK have short coverage area in AWGN

as compared with Rayleigh and Rician channels with

Rician channel exhibiting 64-QAM and 16-QAM have large

while QPSK and BPSK have short coverage area than

Rayleigh channel. Thus, adaptive modulation selects high

modulation schemes such as 64-QAM and 16-QAM at high

SINR and short transmission range and low modulation

schemes such as BPSK and QPSK at low SINR and high

transmission range in the three proposed channels. The

proposed adaptive modulation technique thus achieves

the target BER value of 10−2, high throughput, minimize

the fading effect of the channel, optimal utilization of the

available bandwidth efficiently, reducing power con-

sumption and achieving an enhanced radio coverage.
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