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Performance Assessment of WhatsApp and IMO
on Android Operating System (Lollipop and
Kitkat) during Voip Calls using 3G or WiFi

R.C. de Oliveira ® H.M. de Oliveira°, R.ARamalho® & L.P.S. Viana ®

Absiract- This paper assesses the performance of mobile
messaging and VoIP connections. We compared the CPU
requirements of WhatsApp and IMO under different scenarios.
This analysis also enabled a comparison of the performance
of these applications on two Android operating system (OS)
versions: KitKat or Lollipop. Two models of smartphones were
considered, viz. Galaxy Note 4 and Galaxy S4. The
applications behavior was statistically investigated for both
sending and receiving VolP calls. Connections have been
examined over 3G and WiFi. The handset model plays a
decisive role in CPU requirements of the application. t-tests
shown that IMO has a statistical better performance that
WhatsApp whatever be the Android at a significance level 1%,
on Galaxy Note 4. In contrast, WhatsApp requires less CPU
than IMO on Galaxy S4 whatever be the OS and access
(BG/WiFi). Galaxy Note 4 using WiFi has always better
performance than S4 in terms of processing.

I. INTRODUCTION

nstant messaging and VolP (voice over IP) for mobile

phones are growing importance in the contemporary

society. The instant messaging (IM) is a set of
communication technologies used for text-based
communication between two or more participants
usually over the Internet [2], [8]. In particular, IM in
mobile phones is becoming a worldwide fever [12], [1],
[10]. In performance evaluation of electronic devices is
commonplace to build a base for comparison (baseline,
[4]). Usually this database is constructed by applying
tools that collect performance metrics (e.g. CPU, disk,
memory and network statistics). Through such a
baseline, the analyst can pinpoint where the drawbacks
are, and carry out performance adjustments so as to
improve the throughput of a given application. The
choice of performance metrics, how performing data
collection, and data analysis are common steps of
performance evaluation. We conducted a performance
assessment of the WhatsApp as compared with the
performance of IMO through 3G and Wifi, on different
operating systems Android [15], [5]. The performance of
such applications remains rather unexplored both from

Author a: Computer Engineering — Amazon State University (UEA) —
Manaus — AM — Brazil.

Author o: Statistics Department — Federal University of Pernambuco
(UFPE) —Recife — PE — Brazil.

Author p 3. Escola Superior de Tecnologia, Amazon State University
(UEA) Manaus — AM — Brazil. e-mails: rcoliveira@uea.Edu.br,hmo@de.
Ufpe.br, fronaldorar, lohana.anaivg@gmail.com

the theoretical viewpoint as well as in academia. See [3]
for a comparison between WhatsApp and standard
SMS.

[I. MATERIALS AND METHODS

The analysis delimited in this study is just VolP on
smartphones. The analysis carried out in this study
would be limited to monitoring the processing when
instant messaging or voice call applications. The
universe of study of this investigation is characterized by
the scope of operation of mobile devices. The field of
study covered the transmission by wireless LAN (WiFi)
or 3G networks [14]. It was not taken into account the
coding, nor programming logic or source code of
applications. Android OS is a multitasking operating
system for for mobile devices, including smartphones
and tablets, which have different versions [9], [5]. The
main purpose is the analysis of cross-platform instant
messaging for smartphones, viz. WhatsApp and IMO,
with versions of Android, KitKat and Lollipop. For the
present experiment we used an analysis tool,
techniques measurements and statistical methods. The
scope of the study was carefully designed to avoid
interference from outside or assumptions that were not
linked to the analysis. Moreover, for the proper
background collecting of logs on mobile applications is
essential to select software that is able to perform the
performance data capture. Sampling tests were
performed by selecting an appropriate tool to collect
specific logs. Our choice fell upon the Little Eye and
thereafter it was possible to analyze the resources and
ways processing [7]. Test devices were Samsung
Galaxy S4 (S4) and Samsung Galaxy Note 4 (N4), both
with different hardware and which have been installed
Android. To build the environment, it was also required
to install and configure a wireless network as well as the
availability of carrier chip with 3G transmission. The tests
involved the following steps: (i) Install the OS on the test
device; (i) Set up, install and operate software for
testing; (i) Set up, install and operate application
software; (iv) Perform the collection of logs; (v) Handling
the collected data; (vi) statistically analyze the data
collected. “Little Eye” is a performance analysis and
monitoring tool that can help to identify and fix bug in an
application with Android versions from 2.3 [7]. It is a tool

© 2016 Global Journals Inc. (US)
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that supports metrics related to CPU, network
resources, RAM, disk space, GPS and battery
consumption. Its main features are:

o Measure: measuring the performance  of
applications gathering information about each
feature used the device generating detailed
statistics for each resource;

e Analyze: It brings information about the background
of the data collected creating graphs and statistics
for analysis;

e Optimize: Suggest improvements in resource
consumption by optimizing the operating system.
For tool installation the following requirements is
necessary:

Java JRE or SDK - V 1.6 + (Java 6 or higher) and Android
SDK;

USB debugging is enabled on the phone;

Set the device to connect to as ‘camera (PTP)” rather
than “media device (MTP)”;

Test device drivers are required when using Windows
OS.

With everything set (hardware and software
environments), Little Eye starts. Once started, it loads
applications under test on the device. After listing all
applications, simply select the application to be tested
(WhatsApp or IMO), and then configure the
measurements of

The CPU usage tracks the average CPU used by the App

12
App (User + Kernel)
10 —— User Mode
Kernel Mode
8
)
5 6 q
o
(W]
4 W K“W‘
2 Ll Jq »M\
f I l f h h
0 [INILD "m 4 l \ ll
00:00 01:20 02:40 04:00

Figure1.. Data Collection Interface in Little Eye (Source: Little Eye)

interest, as illustrated in the following screen (Fig. 1).

Case Study: The application under test is monitored with
VoIP call duration of 1 minute, 5 minutes and 10
minutes. The data were collected during these periods.
In a preliminary analysis, 30 calls with WhatsApp and
IMO were refereed. The same test environment is
applied to both Android KitKat (KK) and Lollipop (LL)
systems, i.e., the same test conditions and analysis are
adhered so there is no bias in results. Standard
hypothesis tests were conducted to ascertain a
performance difference between IMO and WhatsApp
applications. Two-tailed t-test for the population mean of
IMO under a cornucopia of scenarios. Let be the mean
of CPU requirements of the application during a 10
minutes VolIP call (sending or receiving). The statistical
hypothesis at 1% significance level (_ = 0:01) were:

null — hypothesis  Hy : firpro = Uw hatsapp (1)
alternative — hypothesis  Hy : piipro # Bw hatsapp-

© 2016 Global Journals Inc. (US)

Also, left-tailed t-test showed evidence that
IMO performance was higher than WhatsApp. Bean plot
is also used to visualize performance data http:/
boxplot.Tyerslab.com/.



PERFORMANCE ASSESSMENT OF WHATSAPP AND IMO ON ANDROID OPERATING SYSTEM (LOLLIPOP AND KITKAT) DURING

VOIP CALLS USING 3G OR WIFI
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Figure 2 VoIP connection 10 minutes (WhatsApp / IMO), with smartphone receiving messages
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[1I. PERFORMANCE OF WHATSAPP AND [MO

Data collection was conducted using the Little
Eye software as application performance analysis tool
[7]. In this software, it is possible to collect smartphone
application logs and analyze the processing
consumption. This tool has a number of resources
available to perform the analysis of applications, ranging
from battery consumption to processingoverhead. In
these experiments, however, the scope has been
narrowed to the study of behavior around the CPU. The
test was carried out by collecting 30 calls lasting 10
minutes and the logs generated took the average for all
sampling measures. These graphs show the
applications are processed for use in receiving (also
transmitting) a VolP call through WhatsApp and the IMO
using a WiFi connection as communication in both
versions of Android [15]. Figure 2, illustrates two
instances of selected CPU requirements measures for
achieving 30 calls, lasting 10 minutes. Each point is the
average calculated from 30 samples. All correlations
between performances in different scenarios were
calculated: Higher performance correlations were
obtained for the handset Galaxy S4 than for the Galaxy
Note 4. The highest correlation coefficient among all
tested scenarios was obtained for the Galaxy S4 with
WhatsApp for transmitting/receiving text messages.

Even requiring a memory load of roughly twice, the wifi
operation under the android LL had a similar behavior to
a 3G transmission with the android version KK. For
WhatsApp using the KitKat OS, the smartphone Galaxy
S4 presented some correlation between 3G and wifi.
The KK android version yielded performance results not
so sensitive to the selected network (3G or wifi
operation) and their memory requirements were pretty
close. Still handling with WhatsApp on the device S4
operating on wifi, there is a performance correlation
between the two android OS version, but the KK
performance is roughly twice more efficient than the

operation with LL. Considering now the IMO application,
in the 3G operation under Galaxy S4 smartphone, the
general performance behavior is weakly sensitive to the
selected version of the android system. Nevertheless,
the performance.of KK"OS was approximately twofold
more efficient.-than LL, as concerning 3G transmission.
In contrast, the lowest correlation coefficient was found
for «KitKat “in" the two handset models, where the
WhatsApp and IMO application performance for 3G
calling were noncorrelated. Low correlations were also
achieved for 3G connections on the smartphone Galaxy
Note 4: the performance for KitKat and Lollipop were
also uncorrelated.

Table 1 :Average CPU requirements for different scenarios. Smartphone Galaxy Models: N4 and S4. The calls were
all made lasting 10 minutes. In each case, they. were considered N = 30 samples (each is an average obtained from
600 measurements). Values in parenthesis refer to the sample. standard deviation. Significance level of t-test: =

0:01
3G KitKat 3G Lollipop | WiFi KitKat | WiFi  Lollipop
handset WApp IMO | WApp IMO WApp IMO | WApp IMO
Galaxy N4 | 15.97° 7.66" | 15.64° 6.51° 7.40"  8.68" | 16.187 8.42°
(0.48) (0.56) | (0.10)  (0.29) | (1.80) (3.84) | (1.00)  (0.44)
Galaxy S4 | 10.15° 20.67° | 23.69%  34.25" | 11.87* 19.90" | 18.74°  46.78°
(1.64) (0.52) | (0.68) (3.07) | (L.11) (0.57) | (7.80)  (1.19)

© 2016 Global Journals Inc. (US)
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Figure 3 : Beanplot of CPU requirements for the following scenario: Android OS KitKat, mobile device Samsung
Galaxy Note 4 and transmitting calls mode. For 3G operating mode: a) Whatsapp and b) Imo. For WiFi operating
mode: ¢) Whatsapp and d) IMO

It was observed that a few specific moment, the
processing occupation reached to zero. Sometimes this
is expressed by display off (device screen hibernated,) it
reduced the kernel processing consumption. It was
noticed that the tester there are three or more CPUs and
the WhatsApp test has shown the using of a single CPU.
But this led to the idea that some features of the devices
were being processed by other CPUs. In some cases it
was perceived that the application falls under Lollipop,
but it is emphasized that troubles may have occurred
during the collection of logs. Ancexample/is the Internet
itself both 3G as WiFi, tool’ communication with the
device or operating failures. In the'beanplot (a variant of
Tukey boxplot) shown in Fig. 3, one can see the
behavior of CPU requirements <for measurements
comparing the transmission medium (3G _ WiFi) for
WhatsApp and IMO. For 3G, a marked performance
difference is observed between Whatsapp and IMO in
the Samsung Note 4, showing a superior performance
of IMO. In contrast, underWiFi, these differences are not
so remarkable. Table 1 (tx) and 2 (rx) present the
statistics of average CPU requirements obtained in the
pairwise measurements in order to compare the
performance of WhatsApp and IMO. A marking with
different letters (e.g. a and b) indicates that the average
CPU requirements were different at a significance level
of 1% (so the hypothesis HO can be rejected). A

pairwise comparison with the same letter (a and a)
indicates that the null hypothesis cannot be discarded at

1%, i.e. there is no statistical evidence of performance
difference between the two scenarios compared. In the
first table, only the operating system version is changed
(KitKat _ Lollipop). In the second one, it is varied just the

transmission medium (3G _ WiFi). Null hypothesis (Egn.
(1)) is rejected at 1% significance level in all cases, but
fKK,N4,wifig where the performance of the IMO and
WhatsApp is statistically indistinguishable (t=1.826, p-
value=0.078). p-values were p < 1005 in most cases.
Also, left-tailed test have shown evidence to accept the
hypothesis IMO < WhatsApp (or WhatsApp <
_IMO). t-tests on Galaxy Note 4 have shown that IMO
app has a statistical better performance that WhatsApp
whatever the Android, at a significance level 1%.In
contrast, WhatsApp requires less CPU than IMO on
Galaxy S4 at the same significance level, whatever the

OS and the access network (3G/Wifi). Finally, Galaxy
Note 4 using WiFi outperforms Galaxy S4 in terms of
processing.

© 2016 Global Journals Inc. (US)
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Table 2 . Average CPU requirements for different scenarios. Smartphone Galaxy Models: N4 and S4. Receiving
message calls lasting 10 minutes. In each case, they were considered N = 30 samples (each is an average
obtained from 600 measurements). Values in parenthesis refer to the sample standard deviation. Significance level

of t-test: = 0:01

3G KitKat 3G Lollipop | WiFi KitKat | WiFi  Lollipop
handset | WApp IMO | WApp IMO WApp IMO | WApp IMO
Galaxy N4 | 15.817 8.15" | 15.86" 8.13" 7.22%  6.43% | 15.37¢ 8.33"
(1.20)  (2.00) | (0.10)  (0.29) | (0.47) (0.19) | (1.04)  (0.55)
Galaxy S4 | 11.57% 19.75" | 23.41°  34.92" | 10.61* 19.89° | 22.60°  39.40°
(1.50) (0.25) | (0.49) (2.68) (1.20)  (0.30) | (0.77) (5.90)
IV. CONCLUSIONS Applications should have the chipset/OS as a key
There is visible the increased processing observance with a view on battery consumption.

generated by the application in the version of Lollipop
compared the KitKat version. However, both on WiFi
and 3G connections, there is insufficient data here to
unveil the very reason, but we know that changes made
to the KitKat to Lollipop are focused on managing
resources, such as energy consumption [13]. Based on
the results we can say that the operating system
indirectly affects in the response in terms of CPU
processing, although it may not be decisive. When
comparing the same operating system on different
chipsets we realize that the application the way it was
developed directly contributes to the device
performance. This claim comes from the realization that
IMO on Galaxy S4 requires more CPU-than WhatsApp,
but on the other hand, this does'not occur in the Galaxy
Note 4. It is also observed that WiFi under Galaxy Note 4
has better performance than the Galaxy S4 in terms of
processing, for both operating systems. This is quite
likely to happen due to the CPU.management, since
each chip has its own managing way. In the 3G
scenario, more CPU is required in both IMO and
WhatsApp. It is assumed that the chipset combination,
application development, Android OS and the network
technology (WiFi/3G) is crucial in CPU performance. The
total processing using this application be given by the
sum of CPU usage by the user (application) and CPU
usage by the kernel generated by the application itself.
Nevertheless, findings suggest the need for a more
specific analysis from the perspective of resources
exploited by each application. Ascertain the impact of
energy consumption with the device update to the
Android Lollipop version should also be examined, since
it is one of the notes issued for this release. It is so
recommended as future research a deep investigation
on energy consumption [11], [6] achieved with the
device to update the version Lollipop.
(http://cs.gmu.edu/ " astavrou/research/

Android_Power Measurements_Analysis SERE_12.pdf).
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Absiract- This paper provides an insight into the concept of
computing and their applications. Different computational
boards are available in the market for the development of a
smart device. Many applications can be developed for the
ease of the society. These devices provide great computing
functions with mobility too and are smart enough to sense the
surroundings. The paper will enlighten some of the important
features of the computational platforms and three different
applications using them depending on their functionalities.
Keywords: pervasive computing, raspberry Pl
galileo gen2, ARM MBed.

intel

[. INTRODUCTION

he concept of computingenlightens the utilization
of computer technology by involving hardware

and/or software. Most of us use the computing
technology in our day-to-day life but we may or may not
realize it. The swiping of our credit/debit cards, smart
phones, metro smart cards etc. utilizes the computing
technology. The data was easily shared by distributing
them acrosss different computers located at different
locations. But due to its shortcomings of variation in
network quality, limitation of weight and size of systems
and constraint of battery consumption. These
constraints led to the research of mobile computing in
which each of the three: communication, hardware and
software are mobile [4]. It involves mobile networking,
mobile information access, location sensitivity and
energy saving techniques due to size of devices
compared to large computer systems. The mobile
device has some characteristics that produces the
output depending on its location. For example, if a
person sets the ringing of his mobile phone as vibration
while in conference and on ringing while travelling then
the application will utilize the user’s location.

The context-awareness is a part of location
sensitivity [1]. It is not only limited to location. In fact it
covers time, identity, light and social factors too. The
mobile device presents the output depending on its
inference from the surrounding characteristics and
guides through the information surrounding us.

Author a: M.Tech Student, Mobile and Pervasive Computing, Computer
Science and Engineering Department, Indira Gandhi Delhi Technical
University for Women, Delhi-110006. e-mail: nicytaneja18@gmail.com
Author o: Head of Department, Computer Science and Engineering
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Figure 1 : Trends in Computing

Later on, to make these devices smart, the
research led to pervasive computing. Pervasive
computing provides an environment in which people
interact with embedded processors or computers in a

smart way [5].
Smart
Objects

Communication
Memory Sensors &
Actuators

Capability

[
Information

Processing
Capability

I
Embedded
Processors

Figure 2 : Hardware and Software Components of Smart
Obijects

Some of the development boards are used for
developing mobile applications whereas some for
pervasive applications. The smart objects of pervasive
computing application has information processing
capability, embedded processor, communication
capability, memory and the sensors and actuators.

II. LITERATURE SURVEY

Komal Tayde and Prof. Amit Bhala [4]
described the principles of context awareness, its
applications and usability. They also addressed the risks
involved in building context aware applications and the
solutions to deal with them. Charith Perera, Chi Herold
and Min Chen [1] surveyed number of 0T solutions in
terms of context-aware technology perspectives.
Renuka and Prof. Vijay Bagdi [3] implemented a
surveillance system using Raspberry Pi and PIR sensor
to send the captured images to user’s email id. Deepali
and Mukund [5] gave an insight into the concept of
context, its need, design principles, models and
requirement of context awareness applications. The
context models describes how the context data is stored
such as simple data structure, hierarchical data
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structure, graphical structure or using object-oriented
techniques.

111. COMPUTATIONAL PLATFORMS

a) Raspberry Pi Development Board

Raspberry Pi is a small computing platform
which is not limited to run only on Linux but on Android
and Windows operating system too [11]. It provides the
hardware ports to connect USB, keyboard, mouse,
microphone, speaker, camera, HDMI cable and SD card
slot. This hardware platform can be prototyped to
design a complete stand-alone computing system. It is
best suited for application that requires multimedia
support such as camera, audio and video. If the Linux
image is used, the programming can be done in Python.
If Raspberry Pi uses Windows platform, then the
programming can be done using Microsoft Visual Studio
IDE.

GPIO pins

10/100 Base T
Ethernet Port

AN Header

Figure 3 : Raspberry Pi2 Development Board [7]

b) Intel Galileo Gen2 Development Board
A development platform provided by Intel with

on-board analog to digital converter. Both analog and
digital components can be connected to the board. The
supported programming environment is Arduino IDE
and Eclipse. It has an Intel Quark SoC x1000 processor
[10]. The board can be powered up by using a 12V
power adapter. The program running on the board is
saved in a flash memory and the memory gets removed
after the power is removed. So, | order to save the
program, SD card can be used. The board can be
connected to the internet through Ethernet.

@

LAN or

router J
H =
[I I (u?_‘) A Serial cabile

b~ DIGITAL PINS

Cuark SO
= %1000
Processor

ANALOG PINS

Figure 4 : Intel Galileo Gen2 Development Board [8]

c¢) ARM MBed Development Board
The Mbed has an ARM microcontroller in which
is designed for prototyping low cost USB devices,

© 2016 Global Journals Inc. (US)

battery powered applications [6]. It is packaged as a
small DIP form-factor for prototyping with through-hole
PCBs, strip board and breadboard, and includes a built-
in USB FLASH programmer. The board has an interface
for both analog and digital sensors. For interfacing
communication modules, transmitter and receiver pins
are also available. It has a reset button which is used to
erase any saved program in the board’s memory. It also
has four on-board LEDs. It can be programmed using a
lightweight online compiler.

USB <-= Serial Cable

§— Status LED

Reset Button

§ +—SDA
SCL

Figure 5 : ARM MBed Development Board [7]

d) Comparison among  Different  Computational
Platforms

The table gives an insight into the difference of
hardware features between three different platforms.
These differences helped us to effectively select the
development board for its application. All the
computational  platforms has different operating
frequencies. Their hardware and software features make
them suitable for different applications. Raspberry Pi 2
can be used to design a complete mobile device but its
distinctive feature is that it supports video and camera
functionality. It has USB ports for connecting mouse,
keyboard or other peripheral devices. Whereas Intel
Galileo Gen2 can be used to design pervasive devices
that are smart enough to sense the environment. ARM
MBed board can be used to design smart devices that

require less space.



Table 1 : Comparison of Different Computational Platforms

S.No. Parameter Raspberry Pi 2 Intel Galileo Gen2 ARM MBed
1. SoC / Microcontroller Quad core Intel Quark X1000 SoC ARM Cortex-MO
Broadcom
BCM2835
2. Max. Operating 900 400 48
Frequency (MHz)
Power pins Either 3.3 or 5V Either 3.3 or 5V 4510 9V
Application Suitable for Suitable for project Suitable for low
handling media involving sensors &their cost USB
such as photos or monitoring devices &
video battery powered
applications
5. Booting Boots only from Can boot from on-board Can boot from
SD card memory + SD Card on-board
Support memory
6. On-board ADC No Yes Yes
7. Ethernet & USB Yes Yes USB only
support
8. Power Supply 5V 5V for Gen1 but on- 5V USB
board regulator on Gen2
7V - 15V

IV. EXPERIMENTS

After studying the hardware and software
features of all the three development boards, different
sensors were interfaced with them. This was done to
build different pervasive applications on different
platforms.

a) To monitor room temperature using ARM Mbed
Development Board
To monitor the room
temperature  sensor was interfaced
computational platforms.

temperature, LM35
with  the

Figure 6 : LM35 interfaced with ARM Mbed

Figure 7 : Temperature Display on Serial Monitor

b) To capture image using Raspberry Pi Development
Board

For capturing an image, camera was connected
to CSI port on Raspberry Pi board. To start the camera,
first it has to be enabled and then a python command to
capture the still image. The image will be saved with
“.jpg” format. Similarly, video can be recorded using the
same camera and it will be saved with a “.h264” format.

© 2016 Global Journals Inc. (US)
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Figure 8 : Captured Image

c) To detect the motion of a person using Intel Galileo
Gen2 Development Board
The Passive Infrared (PIR) gives the output by
measuring the Infrared light emitted by an object in its
field. PIR sensor and buzzer were used to detect if any

il person passes in front of the sensor. When an object

Global Journal of Computer Science and chhnology (A) Volume XVI Issue I Version I

having temperature above absolute zero and emits heat
energy in the form of radiation, it is detected by the
motion sensor. As soon as the motion is detected, the
buzzer starts ringing.

Figure 9 : PIR sensor and Buzzer interfaced with Intel
Galileo Gen2

V. CONCLUSION

The trend of computing helped to understand
the present computing scenario in terms of its need,
structure and applications to the user as well as the
society. The differences among the different
computational platforms provides an intellectual
understanding of their features. The selection of platform
was done successfully to develop different applications
based on their functionalities.
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Abstract- This paper investigates the feasibility of multiuser
parallel transmission by sub-array beamforming using
millimeter wave bands in which the Line-of-Sight (LoS)
dominant channel environment is expected. Focusing on high
beamforming gain provided by the massive antenna array,
each sub-array conducts first eigenmode transmission and
thus one stream is allocated per user without null steering.
This paper also proposes 1-tap time domain beamforming
(TDBF) as the same weight is applied to all frequency
components. It reduces computation complexity as well as
suppressing the effect of additive noise on weight derivation.
Computer simulation results show that increasing the sub-
array spacing stably improves signal-to-interference power
ratio (SIR) performance and that the proposed 1-tap TDBF can
match the performance of the frequency domain first
eigenmode transmission as a rigorous solution.

Keywords: massive antennas, sub-array, first eigenmode,
time domain beamforming, parallel transmission. Milli
meter wave.

[. INTRODUCTION

he rapid spread of wireless communication
Tdevices such as smartphones and tablets has

triggered diversification in mobile services. Not
only is data traffic exploding, but also large numbers of
terminals are crowding key sites such as station,
airports and event venues. Unfortunately, frequency
resources are being depleted rapidly, especially in the
microwave band since many kinds of wireless
communication systems such as wireless fidelity (Wi-Fi),
worldwide interoperability for microwave access
(WIMAX) or long-term evolution (LTE) (-Advanced) have
become voracious consumers. Overcoming this shortfall
is a critical issue in wireless communication. Drastic
improvements in transmission rate and system capacity

are required towards 5th  generation mobile
communications (5G) [1]. Promising solutions [2, 3]
include micro-cells for area spectral efficiency

improvement and exploiting millimeter wavebands such
as super high frequency (SHF) or extremely high
frequency (EHF) bands where rich spectrum resources
are available. The main problem in using millimeter
wavebands is the link budget shortfall. The propagation

Author o o p @ ¥ § x. NTT Access Network Service Systems
Laboratories, Nippon Telegraph and Telephone Corporation, Yokosuka-
shi, 239-0847 Japan. e -mail: maruta.kazuki@lab.ntt.co.jp

loss is high and the performance of radio frequency
(RF) components such as high power amplifier (HPA) is
limited in millimeter wavebands.

The application of massive multiple-input
multiple-output  (MIMO) [4-7] is one of the most
promising solutions. Massive MIMO can provide large
beamforming gain with huge numbers of arrayed
antenna elements without high-performance high-cost
RF components [8]. In addition, higher order space
division multiplexing (SDM) can be applied by using its
excess degree of freedom (DoF) to enhance the
transmission rate. It is noted that higher order SDM
divides total transmission power but the beamforming
gain should be sufficient to perform SDM. The
beamforming gain is, ideally, given by 10log;, (NiNr) dB,
where Nt and Nr are the numbers of transmission and
reception antenna elements, respectively. This means
that increasing the number of antenna elements from
100 to 200 yields a gain of only 3 dB making arrays with
more than 100 elements not cost effective. If the link
budget is insufficient with the use of around 100
elements, we have only two options; one is limiting the
service area to reduce the propagation loss and the
other is employing directional antennas to attain larger
antenna gain. A high-functionality base station (BS) with
massive array is expensive making quite small service
areas unacceptable from the operating viewpoint. On
the other hand, the use of directional antennas raises
the correlation of the antenna elements of user
equipment (UE). This results in a large level gap
between the 1st and 2nd eigenvalues which hinders
higher order SDM application [9]. Moreover, the
feasibility of higher order SDM in actual environments
has not been confirmed for future BSs and UEs with
practical specifications. From the above background,
this paper discusses a different approach to exploiting
massive element numbers with Line-of-Sight (LoS)
dominant channels.

The next promising approach to obtain higher
system capacity, multiuser MIMO [10], spatially
multiplexes the UEs to use the same frequency channel
at the same time. As described above, channel
environments in millimeter wavebands are considered to
be dominated by the LoS component since BS and/or
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UEs are required to have highly directive antennas in
order to obtain adequate transmission/reception
performance. In such situation, multiuser diversity gain
is expected to increase the system capacity [9, 11]
since the inter-user correlation between UEs is lower
than intra-user correlation. In other words, it can be a
promising solution for the problem of the large level gap
between the 1st and 2nd eigenvalues in the LoS
dominant channel for a single user MIMO. Meanwhile, to
spatially multiplex several UEs, the BS requires channel
state information at the transmitter (CSIT) to suppress
inter-user interference (IUl). The accuracy of CSIT is
degraded by the channel time variation created by
movement of the UEs or objects around the UEs.
Inaccurate CSIT causes incomplete Ul suppression
which degrades the signal-to-interference power ratio
(SIR) performance of multiuser MIMO [12]. We have
verified one of the massive MIMO benefits; the improved
robustness of multiuser transmission in time varying
channel environments [13]. The gain of the
beamforming provided by a massive array is
concentrated on the target UE and the average level of
IUI leakage in the space is adequately suppressed. This
causes high energy efficiency and minimal Ul leakage
between the multiplexed UEs even with user movement.
From the above features, we are focusing on multiuser
massive MIMO which allocates only 1st eigenmode to
each UE to achieve stable and enhanced system
capacity even in high mobility situations [9]. Given the
LoS environment, 1st eigenvalue usage is outstandingly
effective since its transmission/reception beams are
much more stable than those for 2nd and higher order
eigenmodes. However, block diagonalization (BD) or
singular value decomposition (SVD) computations of
large-scale matrices for each frequency component
incur quite heavy computation loads given the
assumption of millimeter wideband transmission. The
effective solution of hybrid analog/digital beamforming
has been studied [8, 14-17]. Analog beamforming can
reduce costly RF chains and the computation costs
associated with digital processing. It requires beam
training or search with the use of pre-determined beam
patterns, which imposes some overhead. In the 5G
world, it is expected that the number of accommodated
UEs in a cell will become larger and it may makes the
overhead heavy. These are the reasons why a
breakthrough in simplified massive MIMO operation is
required.

This paper first investigates the feasibility of
multiuser parallel transmission via isolated sub-arrays
(SAs). BS uses multiple SAs that are separated from
each other and only 1 signal stream per SA is allocated
to each UE via 1st eigenmode without null steering. This
elimination of signal processing for null steering eases
the total computation load. The isolation of all
transmission and reception points from each other helps
to ensure low correlated channels so null steering is not

© 2016 Global Journals Inc. (US)

necessary. Second, we introduce 1-tap time domain
beamforming (TDBF) to drastically alleviate this
calculation cost. TDBF weight can be determined by
simply correlating reception signals between antenna
elements, which basically corresponds to extracting the
strongest path, i.e., the LoS component. When SA is a
narrow-spaced array (e.g. half-wavelength), incoming
direct wave signals are regarded as plane waves. In this
case, the frequency dependence of the weight is limited
and it is possible to employ constant weights in the
frequency domain. As a result, the 1-tap TDBF weight
can be applied to all frequency components.
Furthermore, it can be obtained under very low SNR
conditions, less than 0 dB, without beamforming.
Assuming that we assign a single stream to each SA
and UE, the signal processing for TDBF can be
significantly simplified even though full digital signal
processing is employed and hardware resource
requirements can be minimized with optimized designs.
The contributions of this paper are: 1) The SIR
performance of SA beamforming is revealed for the
parameters of SA spacing, SA antenna element number,
Rician K-factor, and UE movement speed. 2) A 1-tap
TDBF scheme is presented and its effectiveness is
verified.

The rest of this paper is organized as follows.
Section 2 defines the system model and presents the
methodology of multiuser parallel transmission by the
sub-arrayed BS configuration. Section 3 describes the
1-tap TDBF scheme. Computer simulation results are
provided in Section 4. Finally, Section 5 concludes the
paper. Throughout the paper, normal letters represent
scalar quantities, bold lowercase letters indicate vectors
and uppercase letters indicate matrices. |.|, ()*
and ()" represent absolute values, conjugate values,
transpose and conjugate transpose, respectively.

II. SYSTEM DEFINITION

a) System and Channel Model

The system model is depicted in Fig. 1. BS is
composed of Na SAs, each of which has Nt elements in
a uniform planar array (UPA). SA serves one UE with Nr

Bs{ __7" _’_:

Figure 1 : System model

SA




UPA elements via beamforming; only a single stream is
allocated to each UE. To ensure the LoS environment
and reduce the probability of human blockage [18], SAs
should be installed at high positions. To provide a
simple evaluation of the potential of the proposed
method, BS is assumed to be ceiling mounted and UEs
face straight up as shown in Fig. 1. This scenario can be
realized at stadiums and large halls like exhibition
centers, and simple variants will support different
situations such as installation of the walls of buildings.
Fig. 1 shows a typical case for a simple feasibility study.
Assuming multicarrier transmission such as orthogonal
frequency division multiplexing (OFDM), we define the
channel matrix per subcarrier, HeC"“"NNt ' ag follows;

HY | "

H = [H] HT

Hi=[Hi1 Hij HiNa] @)

where HeC"™ " denotes the channel sub matrix
between the J/-th UE and BS. Note that these
expressions are per subcarrier and indices have been
omitted. A Rician fading channel is considered so H; is
expressed using Rician K-factor as,

K 1
H; =1 K1 H os; 'H/m H \Los; )

H,.s; is determined by the spatial relationship of the i-th
UE and BS;

—j2”i —jZHM
i i
d11 dl( NaNt)
P
yl S
-~ . e
H LoS,i — 4r : (4)
dim
d
—jZIZ% —j2gNr(Nant)
e e
d Nrl d Nr (NaNt)

where d,, is the distance between the m-th antenna
element of /-th UE and the n-th BS antenna element. A is
the carrier wavelength. The channel time variation of
H..s; is simulated by the spatial relationships between
the UEs and the BSs as determined by UE movement.
Huws; is the non-line-of-sight (NLoS) component from
the scatters, which are uniformly sited around the UEs.
Each element of Hy,s; also includes a path loss
coefficient of A/(4nd,,). To consider the spatial
correlation between BS antenna elements, independent
identically distributed (i.i.d.) Rayleigh fading channels
are converted into correlated channels using the
Kronecker model [19]

HNLoS,i = Rg(z. Hiid,i (Rtlif)-r (5)
where R, eCc™M, R, eC"™" are correlation matrices
[20]. Assuming the 3GPP 3D channel model [21], the
half power beamwidth (HPBW) of each antenna element
is set to 65°. The power azimuth spectrum (PAS) of an
arriving path at the base station is assumed to have a
Laplacian distribution [22] and its deviation value is set
to 5° Time variation of the NLoS component follows
Jakes’ model [23].

b) Sub-Array Multiuser Parallel Transmission by First
Eigenmode
The /-th UE obtains a sub-block channel matrix
to the i-th SA, H,eC"™ and computes the SVD [10].

Hi =[u, UI1Z v V] ()

where u€eC" " and veC"™' represent left and right
singular vectors corresponding to the 1st eigenmode,
respectively. ZeC" is a singular value matrix whose
diagonal elements are arranged in descending order.
With the LoS dominant channel, it is expected that the
1st eigenmode weight vectors u/-H and v, attain
beamforming gain by extraction of the LoS component.
Denoting the transmission signal vector of all UE/SAs as

T=1t, ..t .., ty] €C’*' reception signal vector, Y =
Wi oo Vi oo Vil €CY is expressed as follows;
uy 0 v, 0
Y = H T+n (7)
¢} u | 1O Vi

where n is an additive white Gaussian noise (AWGN)
vector. It should be noted that Na = Nu. The j-th UE and
SA perform beamforming only to each other as an
isolated system and do not care about the other j-th
(i=)) UE/SA pairs. If SAs are spatially de-correlated with
large enough inter-SA spacing, significant SIR gain can
be expected without null steering. SIR and SINR for the
i-th UE are given by;

‘uiHHiiVi‘z
SIR, =10l0g,, — ——— ©)
Z‘“iHHiiVj‘
J=L )i
uiHHiiVi i
SINR, =10l0g,,— ©)

2
ZuiHHijvj‘ +o°

j=1, j#

where @” is the noise variance defined as single-input
single-output (SISO) situation.

I11. 1-Tap TIME DOMAIN BEAMFORMING

First of all, we have set up a hypothesis for the
LoS dominant channel such that the first eigenmode
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reception weight can be approximately obtained as the
simple reception weight determined for the case in
which only a single antenna element located around the
center of the array antenna at UE side transmits a
training signal for channel estimation. Though it is done
in a quite low SNR condition because of the link budget
shortfall, the subsequent application of TDBF makes
accurate weight estimation under such condition
possible. After obtaining an adequate transmission
weight at BS side, UE can easily obtain the MRC
reception weight by receiving training signal transmitted
from SA at BS side with the transmission weight. In
millimeter wave communication, inter-element spacing
becomes much smaller than BS-UE distance. In the
case of Fig. 1, BS uses a directional antenna to improve
the link budget, so angle-of-departure (AoD) and/or
angle-of-arrival (AoA) at BS side is quite small. In this
case, when we observe relative phase information to the
reference antenna element, in-band phase fluctuation is
not so huge whereas the individual phase information
fluctuates largely with bandwidth. The individual phase
information is given by 2nd,f/c where d,, is the distance
between transmission/reception antennas, f is the carrier
frequency and c¢ is the light speed. Meanwhile, the
relative phase information of the m-th antenna element
is given by 2mAd,f/lc where Ad, is the path length
difference between the m-th antenna element and the
reference antenna element (e.g. the O-th element), i.e.
Ad, = d, — d, Here, d,>>Ad, and 2nAd,flc is
negligible [9]. Note that the beamforming weight is
determined by the relative CSI instead of absolute CSI;
common phase offset for all elements is not important.
The stable relative phase information enables us to
apply the same beamforming weight for all frequency
components. Fourier transformation of the constant
weight in the frequency domain vyields an impulse
shaped tap coefficient in the time domain, i.e. a 1-tap
TDBF weight. Though clearly a simplified scheme, it can
still strengthen the dominant arriving path.

Fig. 2 overviews the proposed 1-tap TDBF.
First, a training signal is transmitted from one UE
antenna element at the UPA’s center. Received signal

for the m-th antenna element (m = 0, 1, ..., Nt-1) of SA,
X, ECM* is expressed as;
0] 0 h,[L-1 hIO s ][]
il hfo .0 i s ||
h, (1 h,[L-1]
LGS . 0 . (10)
"0 hL-1 0
0 0 h,[0]
: h, 1 0
0 0 hm[O] 7_st4_ _nstl_

Note that this is a time domain expression. Ns
represents the sample number of the training signal.
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Figure 2 : Proposed 1-tap TDBF

h,lllis the Ith (/| = O, ..., L-1) complex path gain of the
channel impulse response for the m-th reception
antenna element of SA. L denotes the number of paths.
Sqand ng (@ = 0, ..., Ns-1) are training signal samples
and AWGN components in the time domain,
respectively. Eg. (10) assumes cyclic prefix insertion. SA
then calculates the maximal ratio combining (MRC)
weight [24], v’,,, by correlating the signals received on

the m-th and reference antenna elements (here
assumes m = 0), in the time domain.
1+
\/m = N_S Xm Xo (an

TDBF reception weight vector for the i-th SA, v/,
= [V .., Vi, o V] €EC is obtained. Note that
reciprocity calibration [25, 26] is required to obtain the
transmission weight from the reception weight since
uplink and downlink signals go through different circuits.
This paper assumes that the processing is ideal. Eq.
(11) can suppress the additive noise effect since the
received signals for each sample are correlated whereas
the noise components are identically independent in the
samples. When Ns = 1000 for example, the signal-to-
noise power ratio (SNR) can be improved 30 dB and
weight accuracy is greatly improved. The weight
calculation can work correctly even in low SNR
conditions with link budget shortfall and is one of
advantages of the 1-tap TDBF scheme. Finally, SA
applies the TDBF weight and transmits a training signal
to UE. In this process, the SA works as a single virtual
antenna with large beamforming gain due to the TDBF
weight. Owing to this gain, UE estimates the equivalent
channel vector for the virtual single antenna, Hv',€C"™"
under the improved SNR condition; it can be utilized as
MRC weight vector, u/ = (Hv,; ). When BS is
composed of multiple SAs, UE identification, e.g. which
SA is allocated to which UE, can be controlled by BS in
a centralized manner.

To understand the fundamental performance of
TDBF, we first evaluate the single antenna UE case in
which SA with 121 elements UPA performs TDBF to UE
with 1 antenna element. Fig. 3 shows an example of the
power and phase spectra. In this figure, red, blue and
black lines show the results for proposed 1-tap TDBF,
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Figure 3 : Fundamental performance of 1-tap TDBF

1st eigenmode, and one element without beamforming,
respectively. This evaluation assumes the Rician
channel model with K = 10 dB and 16 scatterers are
located around UE. The 1st eigenmode transmission,
which is equal to maximal ratio transmission (MRT) in
this case, is performed for each subcarrier. It attains the
beamforming gain calculated as 10logy(121) = 20.8
dB, as shown in Fig. 3 (a). Meanwhile, 1-tap TDBF
achieves comparable beamforming performance; the
difference is only about 1 dB. It is clear that both
beamforming arrangements can compensate the
channel distortion unlike the single antenna reception
case. When we observe Fig. 3 (b), the phase spectrum
without beamforming (i.e. SISO) fluctuates by about 60°
due to the multipath components. The 1st eigenmode
transmission cancels this fluctuation to 0°. Phase
components and frequency components are perfectly
aligned. Phase components for TDBF are relatively
aligned to that of the reference antenna element.
Though the phase spectrum still fluctuates, its variation

————

08
oelffi 1/ e
N ~
[a)
|9
0.4
—0— SNR=0dB
02 —— SNR=-5dB
--- K=3dB || - SNR=-10dB
— K=10dB | | ~— SNR=-20dB
0 : ,
0 20 40 60 80 100

Phase error of 1-tap TDBF [deg.]
Figure 4 . CDFs of phase error provided by 1-tap TDBF

is really quite small. This yields valuable beamforming
performance as shown in Fig. 3 (a).

Fig. 4 plots CDFs of phase error provided by 1-
tap TDBF. CDF performance is exhibited with various
SNR and Rician K-factor. Assuming Ns = 2048, 1-tap
TDBF weight calculation is performed via Egs. (10) and
(11) given SNR conditions. The absolute value of phase
error (i.e. angle fluctuation of TDBF weight coefficient) is
then obtained by difference from ideal case as SNR =
. Note that the SNR is indicated per antenna element,
i.e. SISO case. Even though the noisy case such as
SNR = -10 dB, phase error can be suppressed to +30
degrees, corresponding to 1 dB gain loss, with 90%
probability.

These confirm that the 1-tap TDBF works well
even though it is simple in manner. Though this paper
assumes a Rician channel with larger K factor, millimeter
wave signals are vulnerable to blockage caused by
walls, humans, and so on. In practical environments, the
LoS channel always does not exist. The proposed
scheme can obtain the beamforming gain
corresponding to the strongest and most stable arriving
path if the LoS channel does not exist. This mechanism
is completely the same as the existing beam training
based approach which identifies the optimal beam
pattern to achieve the largest gain. In addition, because
we assume that several SAs are installed separately as
shown Fig. 1, significant site diversity effect can be
expected which will improve the probability that direct or
quasi-direct paths exist. Table 1 summarizes
computation complexities (defined here as the required
number of complex multiplications). Here we assume
that the number of available subcarriers for user data is
Nc. Computation complexity of TDBF is simply derived

Table 1: Computation Complexity

Precoding scheme
Proposed 1-tap TDBF
SVD

Complexity
NINs
2NS(NINP + NP)
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as NtNs from Eq. (11). That of SVD is taken to be 2NtNr?
+ 2Nr* [27]. Eq. (11) involves only simple multiplications
and its complexity is reasonable. On the other hand,
SVD requires complex matrix calculation and the
computation load becomes excessive in ultra-wideband
communication.Results and Discussions

a) System Level Simulation Settings

Simulation parameters are listed in Table 2. BS
is composed of 7 SAs, each of which is UPA with 121
antenna elements. As shown in Fig. 1, SAs are spaced
at the interval of D. UEs are uniformly distributed in a
circular cell with 20 m radius and inter-site distance
(ISD) is fixed to 20 m. BS and UE heights are assumed
to be 30 m and 1.5 m, respectively. In this evaluation
model, SA selects one UE from its own cell to
communicate with. Here, the user scheduling effect is
simply taken into account by setting the minimum inter-
UE distance to be 3 m. Assuming the Rician fading
channel with K = 10 dB, the multipath component is
modeled as 18 path exponential decay with 2 dB
attenuation for each 10 ns in reference to the literature
[28]. Free space propagation is assumed. Spatial
correlation, i.e. Ry, R,, and LoS channel, is also
changed according to UE rotation on the horizontal
plane as well as its location. CSlI is updated every
1.8msec, which corresponds to 200 symbols for the
6.67 psec symbol duration. CSI estimation error due to
receiver noise is excluded in order to evaluate the
impact of the beamforming scheme. Transmission and
reception weights are determined at each update event.
TDBF weight is ideally obtained by correlation of
channel impulse response, i.e. v\, = h,/h,. This is
validated in the Appendix. We compare 2 transmission
schemes as follows;

e 1st eigenmode transmission per subcarrier
e Proposed 1-tap TDBF

Here we discuss the transmission beamforming
performance of the two schemes above. UE is assumed
to perform MRC reception per subcarrier regardless of
the scheme.

b) Simulation Results

First we investigate how SA spacing impacts
the spatial correlation. Cumulative distribution functions
(CDFs) of SIR for all UEs are plotted in Fig. 5 for various
values of SA spacing, D and Rician K-factor. The CDF
plots also include subcarrier-by-subcarrier SIR. In this
figure, red and blue lines show the results for 1-tap
TDBF and 1st eigenmode, respectively. As this Fig. 4(a)
shows, the performance gap between TDBF and 1st
eigenmode is quite small and is almost negligible even
though 1-tap TDBF is quite simple compared to the 1st
eigenmode approach. Increasing D reduces the spatial
correlation between SAs and thus SIR of more than 15
dB can be obtained without null steering. When D = 20
m, the SA spacing is equal to the radius of the circular
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Table 2 : Simulation Parameters

Parameters Values

Carrier frequency 20 GHz

Bandwidth 400 MHz
Number of FFT points; Ns 2048
Number of subcarriers; Nc 2000

Number of SA antenna 121 (11x11), UPA

elements; Nt 0.5A spacing, HPBW=65°
Number of SAs; Na 7
Number of UE antenna 16 (4x4), UPA
elements; Nr 0.5A spacing, HPBW=65°
Number of UE; Nu 7
Number of stream per UE; Ns 1
Total Transmission power 0 dBm
Antenna gain 0 dBi
Noise power density -174 dBm/Hz
Propagation model Free space
Rician fading,

Channel model 18 path exponential decay

RMS delay spread: 21.3nsec

Transmission / Reception

Angular spread 575
_ 1-tap TDBF
Precoding / 1st eigenmode transmission
Post coding MAC

/ 1st eigenmode reception

Symbol duration
CSlI estimation period

UE speed

6.67 psec
1.334 msec (200 symbol)

10 km/h (f,Ts = 1.2x109)

cell. Each cell is deeply overlapped and UE does not
always access the nearest SA. Even in the severe
situation, null steering is not necessary for multi-user
MIMO communication in these two schemes. The SAs
with massive antennas at BS side form narrow beams
toward UEs since SAs have wider antenna aperture.
Conversely, UEs use fewer number of antenna elements
and so have narrow antenna aperture. Their main lobe
may significantly impact neighboring SAs. Large D
ensures beamforming gain of UE and improves SIR
performance in this scheme.

Fig. 5(b) plots CDFs of SIR for K = 3 dB.
Distribution characteristics of the 1st eigenmode
transmission are almost the same as the case of K = 10
dB. SIR performance of TDBF is slightly degraded
compared to 1st eigenmode transmission, especially for
SIR values above 30 dB. This is because the phase
misalignment of the TDBF weight for each subcarrier
becomes large due to frequency selectivity when the
effect of multipath component becomes more
significant. In other words, the difference between TDBF
and the 1st eigenmode transmission is negligible for SIR
values under 30 dB. In millimeter wave communication,
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Figure 5 : CDFs of SIR with SA spacing

the link budget is poor and high SNR conditions of more
than 30 dB cannot be usually expected. Moreover, the
large time variation of the propagation channel may
break the ideal communication condition. Therefore,
TDBF and 1st eigenmode transmission have
comparable practical performance even when K = 3 dB.
Fig. 6 summarized each representative CDF value with
SA spacing. As shown in these figures, enlarging SA
spacing is effective in improving parallel transmission
performance. In this evaluation model, SA has a small
antenna aperture and its main lobe width is not narrow
enough to separate UEs that are close neighbors. This
inadequate user separation can be compensated by UE
beamforming. Though each UE also forms a directional
beam, its main lobe width is much wider than that of SA.
To ensure user separation, SA spacing should be
designed taking account of this effect. In ordinary
multiuser MIMO communications, UEs are separated
but antennas at BS side are closely installed. By
dispersing the SAs, like the UEs, multiuser MIMO can be
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Figure 6 : SIR versus SA spacing

operated effectively and simply. This is as new multiuser
MIMO configuration. The following evaluations employ D
=20 m.

Fig. 7 plots CDFs of SIR with four transmission
antenna element numbers per SA; Nt = 16(4x4),
36(6x6), 64(8x8), 121(11x11). Rician K-factor is 10 dB
or 3 dB. Note the total transmission power is constant
for all Nt values. Increasing the number of antenna
elements naturally contributes to enhance beamforming
gain, so that SIR performance is rigorously improved. In
the evaluation condition, cells are deeply overlapped
since the cell radius and ISD are set to 20 m. This
includes the situation that a UE does not access the
nearest SA. Though it may increase Ul from the nearest
SA, desired signal can be greatly intensified due to the
large beamforming gain with the large number of
antenna elements. In addition, increasing the number of
antenna elements enlarges the antenna aperture of SA.
This narrows the main lobe width and improves user
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isolation. These effects jointly contribute to obtaining the
SIR improvement as presented.

As explained by Fig. 5, the SIR degradation of
TDBF relative to the 1st eigenmode transmission can be
seen at SIR values more than 30 dB. The performance
gap tends to increase with SIR level because the slight
phase misalignment of the TDBF weight cannot be
ignored at such high SIR values. We introduced the
additive noise effect and reevaluated CDFs of SINR
performance; see Fig. 8. Using the parameters in Table
2, average SNR is obtained as -1 dB in the SISO case.
Millimeter wave communication systems are deployed
on the premise of lower SNR condition in SISO
channels. Beamforming gain provided by UE/SA
antenna array is calculated as 10log,,(16x121) = 32.9
dB. This indicates that the performance discrepancy
between 2 schemes becomes negligible in terms of
SINR since SIR gaps larger than 30 dB are masked by
the additive noise effect. By exploiting SA and UE
beamforming with massive arrays, the expected desired
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signal SNR level is raised to 30 dB. When UE correlation
is small, its 1UI level can be suppressed significantly
under the noise level. The 1st eigenmode transmission
cannot eliminate the Ul perfectly due to the absence of
null steering. The slight phase misalignment of the TDBF
weight also degrades the SIR performance, however,
the degree of the phase misalignment is not so large.
Therefore, the performance degradation by applying
TDBF is negligible in the practical condition.

We evaluated in detail how far TDBF is affected
by the NLoS component. CDF = 50% values of SI(N)R
with Rician K-factor are plotted in Fig. 9. SIR
performance for TDBF is largely degraded as the NLoS
component becomes more predominant. However,
TDBF can achieve SINR = 28 dB even with K = 0 dB
while keeping its degradation relative to 1st eigenmode
transmission to within 1 dB. This is still sufficient to
provide higher throughput. This result verifies that our
approach is effective even in multipath-rich channel
environments.

Finally, SIR and SINR characteristics versus UE
movement speed are presented. CDF = 5% and 50%
value of SIIN)R are plotted in Fig. 10. The most
significant feature of the present system embodiment is
that SINR performance is basically not affected by UE
movement, even in multiuser MIMO communication. In
ordinary multiuser MIMO communication, UE movement
tends to break null steering triggering significant IUI. As
shown in this figure, however, the SIR performance of 1-
tap TDBF and 1st eigenmode transmission are not
degraded by UE movement. The origin of the good SIR
performance of the 2 schemes is the spatial separation
of transmission and reception antennas. This reduces
the correlation between signal streams and makes null
steering unnecessary. This feature offers the significant
benefit of reducing the medium access control (MAC)
overhead by extending CSI estimation interval. For
example, Nv times expansion of UE movement speed is
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equivalent to Nv times extension of CSI estimation
interval. Therefore, if the expected UE speed is 4 km/h, it
can be read from the figure that CSI estimation interval
can be much longer, for example 15 fold, with no
performance degradation, which represents a significant
reduction in MAC overhead. Increasing the carrier
frequency shortens the wavelength and strengthens the
effect of UE movement. Meanwhile, separating SAs can
de-correlate UEs and suppress the need for null
steering in multiuser massive MIMO communications.

c) Discussions

For the heterogeneous networks in 5G,
decoupling of the architecture control plane (C-plane)
and user plane (U-plane) is assumed. With this
assumption, all UEs can communicate with both small
cell BS and macro cell BS. In a small cell environment,
there is no guarantee of having a clear direct path
between BS and UE, which may make the performance
of our proposed scheme unstable. However, such UEs
can communicate with the macro cell BS instead of the
small cell BS. The probability of having direct path is
expected to be increased by setting isolated SAs with
location diversity. In order to effectively offload the traffic
from a macro cell to a small cell, a lot of small cells
should be scattered over crowded spaces. For this
scenario, the deployment cost of the small cell BS
should be reasonable, which emphasizes the value of
the simplified operation of our proposal. Although our
proposal is full digital 1-tap TDBF operation, it can be
enhanced to analog BF with partial digital operation
because the transmission and reception weights are
constant across the bandwidth [8, 14-17]. This
enhancement is also effective in reducing the cost as it
needs fewer RF components. This paper assumed that
each UE communicates with just a single SA, however, it
is also possible for plural SAs to communicate with the
same UE. In this case, though the correlation between
streams for the same UE may become larger, it can be
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Figure 10 : CDF=5% and 50% values of SINR versus UE
speed (D=20m, Nt=121)

compensated by reception side signal processing
between the multiplexed chains. As the result, peak
throughput per UE can be more than 10 Gbit/s which
meets the 5G target requirement. Its validations will be
further investigated.

As discussed above, our proposal has great
advantages such as simple implementation and
robustness against time varying channels in multiuser
spatial multiplexing. It is an attractive candidate for small
cell deployment in the 5G world.

V. CONCLUSIONS

This paper verified the effectiveness of multiuser
parallel transmission by SA beamforming on massive
arrays assuming the LoS dominant channel environment
in millimeter wavebands. Computer simulations revealed
that valuable SINR gain can be stably attained without
null steering when SAs are sufficiently separated in
space. The proposal is also robust to channel time
variation since null steering is not performed.
Additionally, we proposed 1-tap TDBF, which can
alleviate complex signal processing of the 1st
eigenmode computation as well as suppressing the
effect of additive noise on weight derivation. Our
simplified and approximate approach achieved
performance comparable to that of frequency domain
1st eigenmode transmission as the rigorous solution.
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APPENDIX

Defining the channel impulse response as;
h, =[h[0] h[1 h{L-1 0 - 0]

1-tap TDBF weight coefficient ideally approaches v, =
X,%/Ns = h,"h, and we utilized this value in the
simulations. From Eq. (A1), Eg. (10) can be rewritten as;

(A1)

x,=[C°h, C'h, C™, ]s (A2)
where s = [s,, , Snsq]"ECY*'. The AWGN term is
omitted for simplicity. C is defined as the row-wise cyclic

shift operator;

010 -0
01

C =t 0 . (A3)
0 1
1 00 - 0O

C“ performs cyclic shift operation a-times and has the

28 GHz and 73 GHz milimeter-wave indoor following characteristic;
propagation measurements and path loss models. o H »
2015  I[EEE  International ~ Conference  on (C*)"=C (A4)
(11) can be derived as follows,
.1
vVo=—x"x,
Ns
=N—SH [C°h,, C'h, c™*h_1"[C°h, C'h, c™*h,]s
S
| (C’h,)"Ch, (C'hy)"Ch, (C°h,)"C™h,
1 (Ch,)"C°n,
=—s" c“h,)"C’h : s
NS ) ( m) 1 )
_(CNs—lhm)HCOhl (CNS 1h ) CNS lh
[ h"C%h,  hNCh, hic™th | s, |
1 h'C™h, :
= WS[% S; SNs—l] h :Cﬂ_ahl : S,B
h”C’NS*lh hC°h, 1 Sns1 |
Ns-1 Ns-2 Ns-1
Zsasahmh +—Z > Re(s; s, h hHc#<h,) (A5)

a=0 f=a+1
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If Ns is large enough, we can expect,

1 fora=
E[s;s,] = a=p (A6)
0O fora=p
In addition,
hC’“h,=0 forf-a>L (A7)

Therefore, the absolute value of the 2nd term in
Eqg. (A5) becomes much smaller than that of the 1st
term. The following result can be derived;

V:n x h::h1 (A8)
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Design and Analysis of Low Run-Time Leakage
in a 13 Transistors Full Adder in 45nm
Technology

Md.Masood Ahmad ¢, Dr. K.Manjunathachari® & Dr.K.Lalkishore ?

Abstract- In this paper a new full adder is proposed. The
number of Transistors used in the proposed full adder is
13.Average leakage is 62% of conventional 28 transistor
CMOS full adder. The leakage power reduction results in
overall power reduction. The proposed full adder is evaluated
by virtuoso simulation software using 45 nm technology of
cadence tools.

Keywords: peak leakage, average leakage, peak power,
average power, 13transistors full adder, run-time leakage.

[. INTRODUCTION

n this paper various 1-bit full adders are considered

for leakage analysis. A 13 Transistor Full adder is

designed and analysed for low leakage. Full adders
considered for analysis in this paper are Complimentary
MQOS implementation of full adder[29], Mirror full adder
[29], Transmission gate full adder[29], Manchester full
adder[29], Complimentary pass transistor logic full
adder, Low power Full adder, Lean integration with pass
transistor full adder, 20 Transistor Transmission gate full
adder, Improved 14 transistor Full adder, SERF Full
adder, GDI XOR full adder, 10 transistor full adder, 9A
full adder, 9B full adder, 13A full adder, 8 transistor full
adder and proposed 13 transistor full adder. full adders
and their implementation style at transistor level include-
ng the proposed full adder is as follows.

CMOS 28 Transsistor Full Adder: Conventional CMOS
Full Adder consists of 28 transistors as shown in
fig.1.From the following equations one can design
CMOS 28 Transistor full adder circuit[29].

Co=AB +[A +BIC 1)
S =ABCi+ Co(A +B +Ci )

Mirror Adder: The fig.2. shows Mirror Adder. An improved
adder circuit, also called as "Mirror Adder”[2]. This is a
clever implementation of the propagatefgenerate/delete
function when either D or G is high, CQ,is set VDD of
Gnd, respectively. When the conditions”for propagate
are valid (or P is 1), the incoming carry is propagated to
CO.

Author a: School of Technology ECE,GITAM University Rudrarum,
patancheru Medak-502329. e-mail: masoodahmad80@gmail.com
Author o: School of Technology, ECE, GITAM University Rudrarum,
patancheru Medak-502329. e-mail: manjunath.gitam@rediffrmail.com
Author p: Former Vice chancellor JNTUA, CVR college of engg, Hyd.
e-mails: lalkishorek@yahoo.com, lalkishorek@redifffrmail.com

vdd

Cout

Figure 2: Mirror Adder[29]

Transmission Gate Full Adder: A full adder can be
designed to use MUX and XOR. While this impractical in
a complementary CMOS implementation, it becomes
attractive when MUX and XORs are implemented as
transmission gates[4] .The Transmission Gates Full
Adder is as shown in fig.3.

Manchester Full Adder: The main idea of designing this
adder is to optimize carry chain till some extent in TG full
adder by adding generate and delete signals[5]. The
propagate path is unchanged, and it passes Cin to the
Cout output if the propagate signal is true. If the
propagation condition is not satisfied, the output is either
pulled low by Di signal or pull up by Gi. Manchester Full
adder[29] as shown in fig.4.

Complimentary pass transistor logic: The CPL Full Adder
has 18 transistors[33] and is based on NMOS passtran-
sistor logic as shown in fig.5 and fig.6.

Low Power Full Adder: This novel adder [43] cell has 16
transistors. It is based on the 4-transistor implementa-
tions
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Carry

Figure 5: Complementary Pass Transistor Logic Full

Adder[33]
B [
A Cin Vdd
B _f 7 .y
i i Sum
o S J L
2 ¢ 9 v
B =
i Cin Ssum
S I B
4{

Figure 6: Complementary Pass Transistor Logic Full
Adder[33]

of the XOR and XNOR functions.The LP adder is as
shown in fig.7.

© 2016 Global Journals Inc. (US)

ol

Figure 7: Low Power Full Adder[43]

LEAP Full Adder: The pass transitor based cell library
and synthesis tool are constructed to clarify the potential
of top down pass transistor logic. The entire scheme is
called LEAP[43] (Lean Integration with Pass-
ransistor).The LEAP Full adder is as fig.8.

Figure 8: LEAP Full Adder[43]

20 Transistor Transmission Gate Full Adder: Transmissi-
on gate approach[36] which is another widely used
CMOS design style to implement digital function has
been discussed. Transmission gate based impleme
ntation is similar to pass transistor with the difference
that transmission gate logic uses NMOS and PMOS
transistors where as pass transistor logic uses only one
type of transistor i.e. either NMOS or PMOS. 20
Transistor Transmission Gate Full adder is as shown in
fig.9.

=

1
A
N [ —T e
—(i QHJ ond

o

Figure 9: 20T Transmission Gate Full Adder[36]

Improved 14 Transistor Full Adder: The 14T full adder
[40] contains a 4T PTL XOR gate an inverter and two
transmit ssion gates based multiplexer designs for Sum

and Cout signalsas shown in fig.10.The circuit is simpler
than the conventional adder. This circuit has 4 transistor

XOR which in the next stage is inverted to produce
XNOR. These XOR and XNOR are used simultaneously



to generate Sum and Cout.14 Transistor full adder is as
shown in fig.10.

A B
Cin

s

_I;EL T Sum
= T T
&

B !

[ Carry
T T
I
e —

Figure 10: 14T Full Adder[40]

SER Full Adder: SERF adder[11] reuses charge by the
energy recovering logic and hence consumes less
power than non-energy recovering logic. SERF adder
has no direct path to the ground, therefore power
dissipation is reduced. The charge stored at the load
capacitance is reapplied to the control gates. The joint
effect of these two things makes the SERF adder an
energy efficient design.SERF Full adder as as shown in
fig.11.

A—dg —
B = —
=59 L

Figure 11: Static Energy Recovery Full Adder[11]

GDI XOR Full Adder: GDI[39]technique is implemented
to design a high performance and low power full
adder.GDI cell contains three inputs- G (common state
input of NMOS and PMOS), N (input to the source or
drain of NMOS) and P (input to the source or drain of
PMOS). GDI XOR Full adder as shown in fig.12.

10 Transistor Full Adder: Full adder using 10T uses more
than one logic style for the implementation and it is
called as Hybrid logic design style. The number of
transistors count is 10. 10 Transistor Full adder[41]is as
shown in fig.14.

9A Full Adder: The 9A Full adder[38] shown in below
figure implemented using four transistor static energy
recovery XNOR, four transistor ground less XNOR and
2:1 multiplexer. 9A Full adder as shown in fig.15.

9B Full Adder: It resembles the inverter-based XOR but
the difference is that the Vdd connection in the inverter
based XOR is connected to the input A. Since the new

XOR gate has no power supply, it is called Powerless
XOR, or PXOR. A new XNOR gate is named as
Groundless XNOR or GB

Ry

— Cout
Figure 12: Gate diffusion XOR Full Adder[39]

Vvdd

vdd

vdd F
[ Cin

Cout

Figure 13: Gate diffusion XNOR Full Adder[39]

vee
T sum

Vee

Figure 14: 10T Full Adder[41]

vdd

< ved

ol
B <

cout

ial

Figure 15: 9A Full Adder[38]

XNOR because there is no direct connection with
ground.9B Full adder[38] is as shown in fig.16.

13A Full Adder: The other type of 10 transistors 1- bit full
adder is 13A full adder, which have better critical delay
than the 10 transistors SERF full adder in all loading
conditions. 13A adder[11]comes out as best when
compared with respect to low power and delay. 13A
adder is built using SERF XNOR and INV XNOR. The

© 2016 Global Journals Inc. (US)
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Cout is designed using multiplexer.13A Full adder is as
shown in fig.17.

vdd

Vdd

:

carry

%ﬂ 4

Figure 16: 9B Full Adder[38]

Figure 17: 13A Full Adder[11]

8 Transistor Full Adder: It is built using three multiplexers
and one inverter[42]. The inverter in the circuit speeds
up propagation of Cout and also provides complemen-
ted Cout signal required for generation of Sum. The xor
gate is replaced by xnor gate. So the need for inverter is
avoided. This reduces the transistor count to 8. The
transistor level implementation of the eight transistor full
adder is shown in fig.18.

o
Carry4D§
: H# "I

AL

B H[L

Ci
Cout

Vdd

Figure 18: 8T Full Adder[42]

Proposed 13 Transistors Full Adder: After having detail
analysis we started to work by undertaking different
approach so that we can reduce leakage till some extent
along with increase in swing and reduce in average
power. Then initially we started on investigating on
output swing and came to know that by replacing A B it
is possible to increase the swing as well as decrease in
leakage along with average power. It differs from
complementary CMOS in that the source side of the
MOS transistor is connected to an input line instead of
being connected to power lines. Another important
difference is that only one PTL network (either NMOS or
PMOS) is sufficient to perform the logic operation. In this
circuit sum is calculated from output carry. This
proposed full adder resulted low leakage as well as low
power as comparing with existed full adder.

o]

L @ Sum

Figure 19: Proposed 13T Full Adder

© 2016 Global Journals Inc. (US)



peak power in 28 Transistor full adder, Mirror, TG, Man-
chester, CPL, LEAP, 20T, 14T, SERF, GDI XOR, GDi
XNOR, 10T, 9A,9B, 13A, 8T and proposed 13 Transistors
full adders.

1. SIMULATION RESULTS

Simulation results are presented in table | for the
analysis. The table | shows the comparision of average
leakage power, peak leakage power, average power and

Table 1: Comparison Of Proposed Full Adders With Existing Full Adders

Full Adders Average Leakage Peak Lekage Average Power Peak Power
28T 313.2nW 34.83uW 351.1nW 36.26uW
Mirror 288.3nW 37.48nW 317.0nW 28.75uW
TG 8.9uW 53.80uW 41.96uW 69.14uW
Manchester 9.01uW 76.24uW 42.32uW 115.32uW
CPL 27.86uW 72.52uW 39.83uW 63.03uW
LP 9.13uW 44 14uW 35.19uW 54.44uW
LEAP 29.05uW 73.88uW 38.42uW 73.75uW
20T 11.91uW 44.62uW 24.05uW 41.31uW
14T 7.04uW 18.6uW 720nW 51.89uW
SERF 2.03uW 33.31uW 14.5uW 29.55uW
GDI XOR 158nW 10.90uW 252nW 24.56uW
GDI XNOR 151.8nW 15.53uW 330.4nW 16.18uW
10T 7.83uW 31.97uW 12.550W 31.90uW
9A 12.48uW 24.96uW 116.1nW 29.35uW
9B 85.78nW 33.95uW 12.450W 27.39uW
13A 8.8uW 38.14uW 21.17aW 43.03uW
8T 15.76uW 34.950W 20.36uW 31.91uW
Proposed 13T 196.4nW 17.10uW 12.67uW 52.70uW

[11. CONCLUSION 5. Walid Ibrahim1, Azam Beg? and Valeriu Beiu ,”

Highly Reliable and Low- Power Full Adder Cell”,
IEEE International Conference on Nanotechnology,
August 15-18, 2011.

Below 70 nm technologies run-time leakage
power dominates the dynamic power.So one should
come up with new full adder which consumes less
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efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric Sl units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e  One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.

Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.

Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
®  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.
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Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose

®  Fundamental goal

®  To the point depiction of the research

e  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e Significant conclusions or questions that track from the research(es)

Approach:
. Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
e A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
e  Center on shortening results - bound background information to a verdict or two, if completely necessary
¢  What you account in an conceptual must be regular with what you reported in the manuscript

®  Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

®  Explain the value (significance) of the study
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
e Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

®  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.

© Copyright by Global Journals Inc. (US) | Guidelines Handbook .

XIX



®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
e  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

Describe the method entirely

To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e Simplify - details how procedures were completed not how they were exclusively performed on a particular day.
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.

Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  |leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

e Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
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