
Analytical Modeling of Radio Network Performance for 5G 

(Non-Standalone) and It’s Network Connectivity 
 

Sylvester J. Udoh and Viranjay M. Srivastava 
Department of Electronic Engineering, Howard College, University of KwaZulu-Natal, Durban - 4041, South Africa.  

Email: Sylvesterudoh101@gmail.com, viranjay@ieee.org 

 

 
Abstract—The traffic demand and prediction for the next 

decade would be mostly affiliated with the Internet of Things 

(IoT). Various challenges with mobile communication industry 

will be faced as the demand in high capacity, multi mobile 

devices (users) connected to the network, uplink power 

consumption on User Equipment (UE), and its effect on the life 

span of mobile phone. The major features of 5G as per user 

experience on the network are Ultra-Reliable Low Latency 

Communication (URLLC), Internet of Things (IoT), sustaining 

high rate Enhanced Mobile Broadband (eMBB), and connection 

density Massive Machine Type Communication (mMTC). This 

research work focuses on Non-Standalone (NSA) 5G New 

Radio (NR) early deployment on eMBB for achieving the 

required throughput. The 5G performance requirement is higher 

than 4G, which includes the capacity to support user experience 

downlink throughput with target value of 1 Gbps, millisecond-

level of end-to-end latency, and high connection density of 1 

million per square kilometer. Optimization is a vast topic, and 

this paper discusses the problems faced by users latching on 5G 

NSA network on the downlink and 4G Network on the uplink 

and suggests its solution. 

  
Index Terms—Enhanced Mobile Broadband (eMBB), Massive 

Machine Type Communication (mMTC), Ultra-Reliable Low 

Latency Communication (URLLC), Non-Standalone (NSA), 5G. 

I. INTRODUCTION 

In telecommunication research much attention has 

been given on LTE research and its finding. A resolution 

for higher data consumer improvement with spectral 

efficiency, base station deployment for coverage and 

capacity purposes, Carrier Aggregation (CA), 

Coordinated Multipoint (CoMP) and Multiple-Input 

Multiple-Output (MIMO) are needed to control the traffic 

surge in 4G. Hence, the 5G performance requirement is 

higher than LTE with the capacity to improve network 

deployment, operation, and maintenance [1]-[3]. 

Compared with LTE, the spectrum efficiency of 5G New 

Radio (NR) is improved by 5~15 times with key 

performance indicators of user experience, connection 

density, and latency. The 5G, officially known as IMT 

2020, is the fifth generation of mobile communication 

standard deployed by the International 

Telecommunication Union (ITU). Traditional 2G, 3G, 

and 4G services are people-oriented, thereby enhancing 

the transmission rate is their primary pursuit over the 
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generations. 5G will provide a full spectrum of services 

[4], [5].  

With the way wireless communications have evolved, 

high system capacity for end-user specifications and 

requirements has continued to grow. Various solutions, 

such as bandwidth availability with higher Modulating 

and Coding Scheme (MCS) index have emerged [6], [7]. 

Expanding the system bandwidth increases the system 

capacity but does not adequately improve the spectral 

efficiency [8]. The gNodeB and UEs use a range of 

modulation schemes in both the uplink and the downlink 

[9]. Modulation schemes of different orders produce 

different modulation efficiencies [10]. Higher-order 

modulation schemes are more efficient. They allow more 

bits to be carried per symbol and producing a higher bit 

rate for a given symbol rate [11]. 

In NSA Dual Connectivity (DC) scenarios, the base 

station reports data volume about the NR side to the core 

network for independent charging of 5G data volume 

[12]. The NR data volume information can be reported 

periodically or reported based on events such as bearer 

release, bearer change, and UE release [4], [5], [13], [14]. 

During data volume reporting, the bearer differentiates 

NR uplink and downlink data volumes [15]. The eNodeB 

or gNodeB measures the data volume on the air interface 

distributed to the NR side and reports the data volume in 

a secondary RAT usage report list IE or a secondary RAT 

data usage report message [16], [17]. 

Udoh and Srivastava [18] have already analysed that 

how user/subscriber latched on preferred technology, 

communicate while mobility takes places without facing 

drop calls both PS and CS between LTE and 3G network. 

Thereafter, Udoh and Srivastava [19] considered the 

causes, problems, and analysis of CSFB failures 

experienced by end users using information/data from a 

live commercial network. The major factors affecting 

CSFB have been highlighted. The Key Performance 

Indicators (KPI) have been extracted and analysed from 

the customer’s network. This present work shows 

EUTRA NR dual connectivity where User Equipment is 

connected to LTE network and NR via Radio Resource 

Control (RRC) reconfiguration process [20], dual 

connectivity setup with the aid of split bearer when 

transferring data between LTE and NR [21], [22]. The 

UE will be communicating with LTE eNodeB and NR 

gNodeB radio with signaling and data through the LTE 
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core network [4], [5], [23]-[29]. Coverage and distance 

effect on network uplink and downlink data throughput 

as mobile users move away from coverage of gNodeB. 

The target for a new 5G radio access technology is to 

support multi-Gbps and ms latency connectivity 

simultaneously [30], with the rapid development of the 

Internet of Things (IoT), various low-cost Machine Type 

Communications (MTC) devices, and intelligent 

wearable devices [31], [32]. Multi-antenna technologies 

such as beamforming and Multiple-Input, Multiple-

Output (MIMO) with hybrid beamforming structures in 

the mm-Wave band are anticipated to play a key role in 

5G systems [33], [34]. Since 5G NR brings a significant 

amount of data rate, reduced symbol time duration, which 

may cause 5G NR user equipment to consume more 

power PDCCH [35]. Since Non-Standalone (NSA) is the 

early phase of 5G deployment and this uses 4G core. Its 

being noticed from end user side that 5G coverage 

suddenly diminish during mobility scenario more than 

500 meters and does not handover to 4G network (user 

connection lost due to drop of service resulting to drop 

PS service) and mobile goes to emergency mode and 

reselects a frequency based on priority set according to 

parameter. In this present research work, a drive test live 

data collection was conducted on a roll out network, 

showing degradation of data throughput as user drift 

away from NR sites. 

The organization of this paper is as follows: Section II 

discusses the 5G non-standalone system architecture and 

its procedure. The Section III explains beam forming 

management. The Section IV has the process for MIMO 

pairing, uplink and downlink power control features with 

performance comparison. Finally, Section V concludes 

the work and recommends the future aspects. 

II. 5G NSA SYSTEM ARCHITECTURE, INTERFACES AND 

PROCEDURE 

The 5G radio and core networks can be independently 

evolved and networked. That is, 4G and 5G base stations 

can be connected to 4G and 5G core networks, 

respectively [2], [5], [26], [27], [36]-[38]. In addition, the 

dual-connection technology issued to ensure that 4G and 

5G converged networks can be quickly implemented, an 

LTE network access is required to maintain continuity 

after a user has accessed a 5G high-frequency small cell. 

In independent networking and non-independent 

networking, the dual-connection technology can fully 

utilize the existing resources and achieve smooth 

evolution. 5G networking structure can be classified into 

standalone networking and non-standalone networking. 

In standalone networking 5G core network & base station 

should be in existence, and are connected through the 

control (signalling) plane. 

While Non-Standalone (NSA) networking reuses 

existing LTE network coverage advantages and provides 

signalling plane connections to solve the 4G and 5G 

interoperability problems caused by discontinuous 

coverage of 5G deployment. The device still uses 4G 

Architecture but with the implementation of 5G gNodeB 

as a secondary node for dual connectivity without 5G 

core network. NSA sees the existing LTE Architecture 

and its NAS signalling in addition to a 5G radio carrier. 

Since there is no 5G core network for NSA and it 

depends on LTE core network, this solution only 

provides for eMBB that are internet-browsing rate with 

high speed, augmented reality, visual reality, and 

broadband. Therefore, the three key performance 

indicators for 5G that are URLLC and mMTC cannot be 

achieved until the implementation of standalone with 5G 

core network. In terms of connectivity to the network, 

there are different interfaces involved from the UE, gNB, 

eNB, and to the core network, which are UU, X2, and S1-

U interfaces. Since this research work is concerned about 

Non-Standalone, authors have focus on the 5G interface 

connecting to the 4G eNodeB [39], [40]. 

The UU Interface is responsible for downlink and 

uplink connectivity between the user equipment and the 

new radio with protocol stack, which is user plane and 

control plane. The user plane differentiates data streams 

of circuit switch, packet switch, and broadcast control 

domains while the control plane carries network 

signalling messages. The X2 Interface, which will be 

connecting the Master eNodeB and the secondary 

gNodeB, its function includes adopting EN-DC and flow 

control for split bearer on a Non-standalone operation, 

this will be supporting the X2 application protocol and 

X2 user plane E-UTRAN Radio Access Bearer (ERAB) 

configurations. The Flow control function for DC Split 

bearer is used to split downlink data when using the radio 

resources of multi RAN nodes. The information 

exchanged between gNodeB and eNodeB is further 

enhanced to optimize the flow control for Non-standalone 

operation. 

At the early stage of 5G, authors have recommended 

the non-standalone architecture for networking, which 

can reuse the existing LTE network, shown in Fig. 1. The 

gNodeB supports S1-U connectivity to the Evolved 

Packet Core (EPC) only (no control plane). The EPC is 

not compatible with the New Radio protocol, therefore, 

the EPC cannot connect to the gNB through the control 

plane. However, the NGC is compatible with 4G access, 

therefore, NGC can connect to either gNB or eNB 

through the control plane. 

 

 
Fig. 1. 5G Non-Standalone architecture. 
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A. NSA EN-DC Data Split ERAB Configuration 

The UE connects to the eNodeB and gNodeB at the 

same time in a dual connection scenario. One is termed 

the master node, other is the secondary node as shown in 

Fig. 2. The determinant of the master or secondary node 

depends on the anchor of the control plane; the base 

station that has a control plane with the core network is 

the master node [41]. There are four different ERAB 

configurations, which are: 

 Master Cell Group (MCG): The ERAB flows from 

the Serving Gateway to the master node and directing 

to the UE without any involvement with the 

secondary RAN Node. 

 Master Cell Group Split Bearer: At the Master node, 

splitting of data will take place with the secondary 

node for transmission, this shows significant 

improvement in data rate.  

 Secondary Cell Group (SCG): The UE receives 5G 

data rate using this configuration, ERAB flow of user 

plane data from the Serving gateway to the secondary 

node gNB and directly to the UE without splitting 

data with the master node. 

 Secondary Cell Group Split Bearer: The secondary 

node splits data it receives from the core network with 

the master node. 

 
Fig. 2. EN-DC split data of non-standalone UE perspective. 

The highest throughput and data rate seen with this 

approach is actively using dual connectivity, depending 

on network configuration, services, and scenario; it might 

not be desirable to work on certain split bearer users 

based on network requirements. With the dual connection 

networking, the control plane is provided by the eNodeB. 

The NR only has a user plane, which can solve the 

problem of discontinuous coverage at the initial stage. 

The user plane traffic distribution solution varies 

according to the architecture: 

 Option 3: Data is offloaded from the eNodeB. PDCP 

split on LTE BBU, the user plane is anchored on the 

eNodeB side, which reduces the user plane 

interruption caused by mobility. The gNodeB does 

not need a connection with the EPC. 

 Option 3a: Static offload without RAN state 

awareness, data is split from the EPC 

 Option 3x: PDCP Split on NR BBU, no impact on 

legacy LTE. The user plane is anchored in the gNB, 

may change frequently. Data is offloaded from the 

gNB. 

B. 5G NSA Uplink and Downlink Decoupling Features 

A vast majority of global operators have selected the 

C-band spectrum as the preferential 5G frequency band. 

Comparing the signal level and propagation for DL and 

UL vice versa on the C-band, the Tx power for DL aid in 

improving its coverage better on the NR as shown in Fig. 

3. The C-band can provide at least 200 Mbps global 

bandwidth, which will become the main spectrum of 5G 

Network.  

 
Fig. 3. The UL/DL decoupling and mapping. 

The C-band spectrum allows transmission and 

reception on the same channel, which is ideal for NR-5G 

Enhanced Mobile Broadband (eMBB) services. Its 

known features and merits are antenna radiating pattern 

to specific UE user and reference signal of a cell. These 

help in path balance in coverage between NR and UE and 

vice versa, thereby not allowing possible means of 

interference within users [42]. 

The UL and DL decoupling feature defines a new-

paired spectrum for areas with restricted uplink coverage, 

propagation model using this high frequency of C Band is 

complex and requires LOS with no obstacle bridging NR 

and UE due to its wavelength. Fig 3 describes UL and 

DL users and distance from NR [43]. In the early stages 

of 5G commercial use, if no dedicated sub-3 GHz 

spectrum is available for 5G, then LTE FDD and NR 

Uplink Spectrum Sharing can be enabled to allow NR to 

share sub-3 GHz spectrum with LTE FDD. 

The new radio base station uses a high-frequency band 

for downlink transmission. For uplink, the frequency 

band could be selectively shared with LTE low-frequency 

band depending on User Equipment coverage. 

Decoupling between uplink and downlink spectrum 

allows uplink data transmission on either the NUL or the 

SUL carriers. For UEs whose uplink data transmission is 

carried on Supplementary Uplink (SUL), the random 

access, power control, scheduling, link management, and 

mobility management differ from the procedures for UEs 

whose uplink and downlink data transmission are carried 

on C-band. 

To ensure the availability of the SUL carrier for uplink 

data transmission, gNodeBs must transmit the SUL 

carrier information to UEs [44]. The information is 
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contained in the ServingCellConfigCommon Information 

Element (IE) of the RRC reconfiguration message. The 

SUL carrier information includes the following: 

 Frame structure, system bandwidth, and NARFCN. 

 Physical Uplink Shared Channel (PUSCH) common 

configuration. 

 Physical Uplink Control Channel (PUCCH) common 

configuration. 

 Physical Random Access Channel (PRACH) 

configuration: time-frequency resource configuration, 

including the NRDUCellSul.Rsrp.Thld.Parameter 

C. Secondary Harmonic Interference Avoidance 

Developing and co-existing of 5G radios with other 

technologies e.g. LTE, military and commercial wireless 

devices, Wi-Fi, etc. is useful, hence, it brings various 

network challenges. Network planners and optimization 

ensures users operate within the given spectrum, and QoS 

are guaranteed the need to reduce internal band and 

outside emission in order to meet key performance goals 

without causing interference with itself and or other 

technologies signals in the channel or with signals in 

adjacent spectrum. 

When a user equipment uplink data transmission is 

carried on the supplementary uplink link carrier, and its 

downlink data transmission is carried on the NUL carrier, 

the uplink transmit frequency multiplied by two overlaps 

the downlink receive frequency and interferes with the 

reception of downlink signals. Hence, the self-

interference signal generated by the UE during uplink 

and downlink data transmission is secondary harmonic 

[45]. This is represented in Fig. 4. 

 
Fig. 4. Secondary harmonic co-existence. 

The operation of 5G NR mid and high band are in the 

same or adjacent spectrum with another wireless 

communication system, with various devices operating at 

multiple bands, the risk for sideband interference or new-

shared spectrum is high. If the SUL frequency band of an 

NR cell multiplied by two overlaps the downlink NUL 

frequency band, select the 

SEC_HARMONIC_INTRF_AVOID_SW option of the 

NRDUCellSul.UlDlDecouplingAlgoSwitch parameter to 

enable the gNodeB to schedule the uplink and downlink 

data in coordination for UEs for which UL and DL 

decoupling takes effect. This reduces interference from 

UEs uplink signals to downlink signals. 

The need for 5G NR devices to operate in the same 

spectrum or adjacent as existing wireless communication 

without interference will show significant impact on 

network user side which are: 

 Increased number of UEs admitted to NR cells: this 

expands the uplink coverage of NR cells and allows 

more UEs to be admitted to NR cells. 

 Improved NR cell throughput: this improves the 

uplink and downlink throughput of NR cells. 

III. BEAM FORMING AND IT’S MANAGEMENT 

A single-wide beam is used to cover an entire cell of a 

LTE TDD network. This is not the same scenario in NR 

network where the cell is covered using a series of 

narrow beams broadcast at different angles and at 

different moments (Fig. 5). The UE scans each of these 

individual narrow beams to identify the best beam to use 

for synchronization and system message demodulation. 

Static beams are inherent to the cells. They are defined by 

the arrangement of antenna elements. Dynamic factors 

such as user locations, user movement speed, or channel 

quality are not affected by the static beam [1], [3], [6], 

[22]-[27], [36]-[38]. Weighted signals are transmitted in 

narrow beams directed towards target UEs or a specified 

direction. This process is termed as beamforming. It 

enables beams to accurately direct towards UEs to 

improve coverage performance, beams refer to the shape 

and direction of electromagnetic wave propagation.  

 
Fig. 5. NR Broadcast beam scanning process. 

The management of scanning, reporting, and 

maintenance of static beams refers to beam management. 

It enhances cell coverage and reduces system overhead. 

The purpose of beam management is to select the most 

appropriate static beams for each channel. Beamforming 

uses weighting for transmitting signals and forms them 

into narrow beams directed at target UEs or in other 

specific directions. If the weighting used for 

beamforming is present, beam management is required. If 

dynamic weighting is used, beam management is not 

required. 

The basic beam management feature enables the 

gNodeB only to support the default coverage scenario of 

broadcast beams. For broadcast channels, beams can be 

configured differently for different coverage scenarios. 

With the use of 3D coverage pattern, a gNodeB supports 

a range of broadcast beam configurations to meet 

different coverage requirements. Operators can select the 

beam configuration best suited to their own coverage 

requirements to enhance cell coverage and reduce 

interference from neighbouring cells. In addition to the 

default scenario, 3D coverage pattern enables the 

gNodeB to support another 16 different broadcast beam 
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coverage scenarios. In different coverage scenarios, 

broadcast beams have different tilts, azimuths, horizontal, 

and vertical beamwidths. This feature resolves issues of 

insufficient cell coverage and neighbouring cell 

interference in different scenarios [46]. 

The coverage area of a cell depends on the tilt and 

azimuth of the antenna. After the tilt or azimuth is 

adjusted, the coverage radius and coverage shape of the 

cell change as: 

 When the 3D coverage pattern feature is not activated, 

the gNodeB (8T/32T/64T) supports only the default 

scenario. 

 When the 3D coverage pattern feature is activated, the 

gNodeB (8T/32T/64T) supports the default scenario 

and other coverage scenarios. 

Multiple narrow beams are used at the user level. The 

best possible narrow beam set needs to be selected first 

for the PUCCH, PUSCH, PDCCH, PDSCH, CSI-RS, and 

TRS. The UE needs to scan these narrow beams to 

identify the best beam set. The gNodeB then maintains 

the best beam set reported by the UE and selects the best 

beam set for each channel. 

Static beams for uplink channels (PUCCH/PUSCH) 

are selected based on SRS measurements. After SRS 

measurement, the Reference Signal Received Power 

(RSRP) values are organized and the beams with the 

largest RSRP values are selected for these channels. 

Generally, the coverage of a data channel 

(PDSCH/PUSCH) is the area covered by a user-level 

static beam. It remains unchanged. The direction of a 

user-level static beam is not affected by the azimuth and 

tilt adjustment of a broadcast beam. 

On low frequency bands, SRSs are used to measure the 

RSRPs of static beams for downlink channels 

(PDCCH/PDSCH/CSI-RS/TRS). The beams with the 

largest RSRP values are selected for downlink channels. 

On low frequency bands, either wide or barrow beams 

can be used for UE TRS beams. The type of beam used 

depends on the setting of the 

NRDUCellTrpBeam.TrsBeamPattern parameter. 

 A singlewide beam is used. It is recommended 

that PATTERN1 be configured for 64T, 32T (16H2V), 

16T, or 8T AAUs. 

 Two smaller beams are used when set to PATTERN 2. 

The NR broadcast channels use narrow-beam scanning 

to direct the transmit energy at target users, which 

increases their demodulation SNR and improves the 

transmission success rate. This also improves the control 

channel coverage, thereby increasing the cell radius. NR 

user-level beam management maintains, selects, and 

filters the best beam sets to improve the accuracy of static 

beam directions, increasing the demodulation SNR of 

target users and improving the transmission success rate. 

This also improves the user-level channel coverage. 

Different broadcast beam scenarios can be selected 

based on network conditions and user distribution to 

ensure maximum coverage gains. The tilt and azimuth 

adjustments can reduce overshoot coverage, reduce inter-

cell interference, and improve coverage gains in multiple 

scenarios, such as public squares or high-rise buildings. 

Users can remotely adjust the antenna down tilt 

(Electrical) and horizontal azimuth by specifying the 

NRDUCellTrpBeam.Tilt parameter and the 

NRDUCellTrpBeam.Azimuth parameter. This can reduce 

the difficulty in site selection planning and site 

optimization, decrease the optimization and coordination 

costs, and better address inter-cell interference issues. 

The gNodeB supports the tilt and horizontal azimuth 

adjustment of narrow beams on broadcast channels in 

degrees. More beam directions can be used by means of 

tilt and horizontal azimuth adjustment, which helps meet 

different coverage requirements and allows for more 

flexible networking. 

IV. MIMO PAIRING, DOWNLINK, UPLINK, POWER 

CONTROL, AND PERFORMANCE COMPARISION  

The use of MIMO involves various antennas 

transmitting and receiving with different techniques for 

signal processing, which all combine to improve user 

experience.  

A. MU MIMO Pairing and SU-MIMO Layers and 

Features 

The MIMO allows gNodeBs to use multiple antennas 

to transmit and receive signals. The TDD gNodeBs 

working on low frequency bands support 64T64R, 

32T32R, and 8T8R. gNodeBs use beamforming to 

transmit signals in the downlink. Beamforming is 

supported only in TDD mode. In the uplink, gNodeBs 

receive UE signals over multiple antennas. Massive 

MIMO increases the number of arrays and uses narrow 

bean with higher concentration to replace the previous 

wide beam, unlike the traditional antennas. Higher 

enablement gain can be achieved if the beam weight of 

Massive MIMO is adjusted [33], [47]. 

 
Fig. 6. MIMO in time division duplex mode. 

Multi-User MIMO (MU-MIMO) allows for spatial 

multiplexing (Transmission techniques transmitting 

encoded data signals) of the same OFDM time-frequency 

resources by multiple UEs in uplink and downlink data 

transmission (Fig. 6). This improves uplink and downlink 

capacity and spectral efficiency. The selection of multiple 

UEs for MU-MIMO is called pairing. Currently, only 

PDSCHs, physical downlink control channels (PDCCHs),  
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and PUSCHs support MU-MIMO. Uplink receive 

diversity enables gNodeBs to enhance reception by 

taking advantage of space diversity and coherent 

reception to receive UE signals over multiple antennas. 

The overall uplink receive diversity procedure is as 

follows: 

 A gNodeB receives SRSs from a UE over multiple 

antennas, estimates the uplink channel characteristics, 

and then sends Downlink Control Information (DCI) 

to the UE, notifying the UE of the optimal PMI/rank 

value. 

 The UE uses that PMI value to precode PUSCH data 

and transmits it to the gNodeB. 

 The gNodeB uses multiple antennas to receive the 

PUSCH data, improving the signal-to-noise ratio 

(SNR) and stability of received signals, and 

increasing uplink user throughput. 

B. Downlink and Uplink SU-MIMO Layers 

The SU MIMO uses multi-antenna technologies to 

support spatial multiplexing of time-frequency resources 

in uplink and downlink data transmission for a single UE. 

This enables multi-layer data transmission in both the 

uplink and the downlink for that UE [44], which boosts 

the single UE peak rate (Fig. 7). The DL SU MIMO uses 

multi-antenna technologies to enable downlink multi-

layer data transmission for a single UE [48]. The 

maximum number of downlink data layers for a single 

UE depends on the following factors: 

 The smaller value between the number of gNodeB 

transmit antennas and the number of UE receive 

antennas 

 3GPP specifications, which stipulate that a single UE 

supports a maximum of eight data layers in the 

downlink 

 Restriction of the maximum number of downlink 

layers in a cell. 

The NRDuCellPdsch.MaxMimoLayerNum parameter 

specifies the maximum number of downlink layers in a 

cell.  

The UL SU MIMO uses multi-antenna technologies to 

enable uplink multi-layer data transmission for a single 

UE. The maximum number of uplink data layers for a 

single UE depends on the following factors: 

 The smaller value between the numbers of gNodeB 

receive antennas and the number of UE transmit 

antennas. 

 3GPP specifications, which stipulate that a single UE 

support a maximum of four data layer in the uplink. 

 Restriction of the maximum number of uplink layers 

in a cell. 

The NRDuCellPusch.MaxMimoLayerCnt parameter 

specifies the maximum number of uplink layers in a cell. 

For DL SU MIMO with a 64T64R gNodeB, a 2T4R 

UE can support data transmission over up to 4 layers in 

the downlink. For UL SU MMO with a 64T64R gNodeB, 

a 2T4R UE supports data transmission over a maximum 

of 2 layers in the uplink. 

The MU-MIMO is recommended for large traffic 

scenarios. The network traffic is considered large when 

either of the following conditions is met: 

 The uplink or downlink PRB usage is at least 50%. 

 High number of UE in connected mode 

The throughput gains depend on the number of layers 

for spatial multiplexing. When there are more layers, the 

gains are greater. For full buffer service, this function 

provides a theoretical throughput gain of N x 100 %, 

where N is the number of layers for spatial multiplexing. 

 
Fig. 7. DL / UL-SU MIMO multiple layers. 

C. Uplink and Downlink Power Control 

The gNodeB and UE power adjustment aid in 

satisfying and compensation of coverage for users 

without distortion from the effect of obstacles, in order to 

reduce the interference between 5G intra-frequency cells, 

while also helping meet coverage and capacity 

requirements. There are two types of power control in an 

NR system, which are uplink power control and downlink 

power control. 

In the NR system, downlink power control is used to 

control channel and signal power. Downlink power 

control is applicable to the Physical Broadcast Channel 

(PBCH), Synchronization signal (SS), Physical downlink 

control channel (PDCCH), Physical downlink shared 

channel (PDSCH), and CSI Reference Signal (CSI-RS). 

A gNodeB calculates the Transmit Power Control 

(TPC) value, no dominant, and overshooting cells [49]. 

The gNodeB then issues a TPC command to the UE 

through the PDCCH. According to 3GPP TS 38.213, the 

UE converts the power adjustment amount based on the 

TPC command. Then, the UE determines its transmit 

power based on factors including its own maximum 

transmit power, the nominal power of the cell, the path 

loss, the modulation and coding scheme (MCS), and the 

number of radio resources [50]. 

D. PDCCH Power Control 

In the event that the demodulation performance of 

PDCCH power control cannot be ensured for CEUs, 

control channel element (CCE) power can be increased to 

correctly demodulate PDCCH signals. PDCCH power 

control can be PDCCH static power control and PDCCH 

dynamic power control. Implementation of PDCCH 

power control is done on the gNodeB. The PDCCH static 

and dynamic power control functions improve the 

PDCCH coverage performance for CEUs. In a situation 

where CEU's are high, and the PDCCH static and 

dynamic power control values are set high, the coverage 

gain will increase, resulting in high downlink interference 
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among neighbouring cells [51]. Thus, the formula for 

calculating static and dynamic transmit power (dBm) on 

the common PDCCH is: 

ReferencePwr+MaxCommonDciPwrOffset+10*Log10(R

FChannelNum)       (1) 

 

ReferencePwr+MaxDedicatedDciPwrOffset+10*Log10(

RFChannelNum)                                                            (2) 

 

where Reference power is cell reference power 

MaxCommDciPwrOffset is the maximum DCI power 

offset in common searching space CSS 

MaxDedicatedDciPwrOffset is the maximum value of the 

Dci power offset in UE specific searching space USS RF 

Channel Num is the number of RF physical channel. 

The PDCCH static power control optimizes the 

PDCCH coverage performance of the cell. This function 

includes common PDCCH static power control and UE-

specific PDCCH static power control. 

E. 5G NSA Procedure for Adding Serving gNodeB 

The UE accesses the network using UL-SCH 

allocation to send the RRC connection request message 

to the eNodeB, after accessing, the eNodeB responds to 

the preamble with random access response and RRC 

connection setup request message on the DL-SCH [52]. 

After the completion of the RRC connection, the UE 

carries NAS attach a message, which is signalled to the 

core network through the initial UE message. The DCNR 

bit in UE network capability IE is set, this signals to the 

core network of the 4G that the user equipment supports 

dual connectivity with NR and LTE [26], [27], [36], [37]. 

This process has been shown in Fig. 8. 

 
Fig. 8. Procedure for adding serving gNodeB. 

The eNodeB decides to request the gNodeB (CU) to 

allocate radio resources for the specific ERAB indicating 

the characteristics of the ERAB parameters, TNL address 

information corresponding to the bearer type. The CU 

sends a UE CONTEXT SETUP REQUEST message 

including information such as GTP-U tunnel established 

with the EPC, S1 UL TNL address, and security 

configuration. The DU uses the configuration provided 

by the CU to return the UE CONTEXT SETUP 

RESPONSE message containing at least the S1 downlink 

TNL address and F1 uplink TNL address, rejection of 

some bearers from the DU side may occur due to 

insufficient resources. If the DU and CU are both 

combined, the signaling messages of both cannot be 

traced. 

F. 5G NSA Downlink Performance Comparing 

Throughput and Distance Away From gNodeB 

The important service scenario at the initial stage of 

network deployment is eMBB, the need to consider the 

target throughput at the edge of coverage during network 

planning should be the requirement. Network drive test 

measurement was carried out for this paper to compare 

variation of downlink and uplink throughput when user 

equipment is in mobility state drifting away from 

gNodeB (Fig. 9). 

 

 
Fig. 9. Comparison of DL and UL throughput vs. distance. 

The measurement event of the New Radio is delivered 

on the LTE side in the Non-Standalone scenario. The UE 

in mobility state moves from one serving gNodeB to 

another SgNB change as it drift from serving area to a 

better and stronger cell PSCELL. The measurement 

control information of the NR module is transmitted on 

the LTE through the X2 interface; the LTE delivers the 

measurement control information to the UE. The 

measurement information of the UE is reported to the 

LTE, and the LTE sends the measurement report 

information to the NR through the X2 interface. 

According to the on-site test shown, intra frequency 

mobility management is triggered based on coverage. 

After the EN-DC UE is connected, then the eNodeB 

updates measurement configuration. There is a huge gap 

in throughput degradation as users drift away from 

gNodeB, since NR operates on mm waves; more sites are 

needed at close proximity for coverage and capacity. 

Mobility mode experienced during data collection 

showing NRSCellAbnormalRelease and 

LTEERABAbnormalRel messages after event A3 

measurement (between UE and NR) signifying handover 

as 5G coverage weakens. There was network 

disconnection and PS service was dropped, user 

equipment eventually reselected and latched on LTE 

network during download. It has been shown in Fig. 10. 

It is recommended for NR to LTE Handover 
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configuration to avoid Anchor issues and KPI degrade 

there by affecting subscribers. 

 
 

 
Fig. 10. Radio signalling layer messages during data collection. 

V. CONCLUSIONS AND FUTURE ASPECTS 

Non-standalone focuses on eMBB services at the early 

stage of 5G deployment as LTE core serves as an anchor, 

and EPC can be reused. This research was carried out on 

an active network deploying NSA. Mm wave is high with 

a low penetration rate due to shorter wavelengths. 

Network operators should quickly deploy Standalone NR 

without 4G Core. To improve frequency efficiency, F-

OFDM feature can control the leakage of transmitting 

signals outside the system bandwidth, can control the 

impact of out-band interference on the NR system, and 

enable more spectrum to become the downlink 

transmission bandwidth, hence increase the cell capacity 

and provide good downlink coverage with user 

experience.  

The uplink and downlink cell throughput value for 

large traffic scenarios can be enhanced with MU MIMO 

which is dependent on the number of layers for spatial 

multiplexing. The deployment of 5G New Radio with its 

core on commercial network will fully maximize the 

desired features of 5G KPI’s which are mMTC- IoT and 

URLLC. 

CONFLICT OF INTEREST 

The authors declare no conflict of interest. 

AUTHOR CONTRIBUTIONS 

Sylvester J. Udoh (SJU) and Viranjay M. Srivastava 

(VMS) conducted this research; SJU designed and 

analyzed the model with data and wrote the paper; VMS 

has verified the result with the designed model; all 

authors had approved the final version. 

REFERENCES 

[1] M. Sauter, From GSM to LTE-Advanced Pro and 5G: An 

introduction to mobile networks and mobile broadband, 

3rd Ed., John Wiley & Sons Ltd., UK, 2017. 

[2] I. F. Akyildiz, D. M. Gutierrez-Estevez, and E. C. Reyes, 

“The evolution to 4G cellular systems: LTE-Advanced,” 

Physical Communication, vol. 3, pp. 217-244, 2010. 

[3] O. O. Omitola and V. M. Srivastava, “An enhanced 

handover algorithm in LTE-advanced network,” Wireless 

Personal Communications, vol. 97, no. 2, pp. 2925-2938, 

Nov. 2017. 

[4] N. Panwar, S. Sharma, and A. K. Singh, “A survey on 5G: 

The next generation of mobile communication,” Physical 

Communication, vol. 18, part 2, pp. 64-84, March 2016. 

[5] G. A. Akpakwu, B. J. Silva, G. P. Hancke, and A. M. A. 

Mahfouz, “A survey on 5G networks for the internet of 

things: Communication technologies and challenges,” 

IEEE Access, vol. 6, pp. 3619-3647, 2017. 

[6] A. Tsakmalis, S. Chatzinotas, and B. Ottersten. 

“Modulation and coding classification for adaptive power 

control in 5G cognitive communications.” in Proc. IEEE 

15th International Workshop on Signal Processing 

Advances in Wireless Communications (SPAWC), 

Toronto, Canada, June 22-25, 2014, pp. 234-238. 

[7] H. Kim, “Coding and modulation techniques for high 

spectral efficiency transmission in 5G and satcom” in 

Proc. 23rd European Signal Processing Conference 

(EUSIPCO), Nice, France, Aug.-Sept. 2015, pp. 2746-

2750. 

[8] J. Wang, A. Jin, D. Shi, L. Wang, H. Shen, et al., 

“Spectral efficiency improvement with 5G technologies: 

Results from field tests,” IEEE Journal on Selected Areas 

in Communications, vol. 35, no. 8, pp. 1867-1875, Aug. 

2017. 

[9] J. H. Bae, A. Abotabl, H. P. Lin, K. B. Song, and J. Lee, 

“An overview of channel coding for 5G NR cellular 

communications,” APSIPA Transactions on Signal and 

Information Processing, vol. 8, pp. 1-14, June 2019. 

[10] H. Gamage, N. Rajatheva, and M. L. Aho, “Channel 

coding for enhanced mobile broadband communication in 

5G systems,” in Proc. European Conference on Networks 

and Communications (EuCNC), Oulu, Finland, 12-15 

June 2017, pp. 1-6. 

[11] Y. Fadlallah, A. M. Tulino, D. Barone, G. Vettigli, J. 

Llorca, and J. M. Gorce, “Coding for caching in 5G 

networks,” IEEE Communications Magazine, vol. 55, no. 

2, pp. 106-113, Feb. 2017. 

[12] R. P. Antonioli, E. B. Rodrigues, D. A. Sousa, I. M. 

Guerreiro, C. F. M. eSilva, and F. R. P. Cavalcanti, 

“Adaptive bearer split control for 5G multi-RAT 

Journal of Communications Vol. 15, No. 12, December 2020

©2020 Journal of Communications 893

https://www.sciencedirect.com/science/article/abs/pii/S1874490715000531#!
https://www.sciencedirect.com/science/article/abs/pii/S1874490715000531#!
https://www.sciencedirect.com/science/article/abs/pii/S1874490715000531#!
https://www.sciencedirect.com/science/article/abs/pii/S1874490715000531#!
https://www.sciencedirect.com/science/journal/18744907
https://www.sciencedirect.com/science/journal/18744907
https://www.sciencedirect.com/science/journal/18744907/18/part/P2


scenarios with dual connectivity,” Computer Networks, 

vol. 161, pp. 183-196, Oct. 2019. 

[13] H. Shariatmadari, R. Ratasuk, S. Iraji, A. Laya, T. Taleb, 

R. Jäntti, and A. Ghosh, “Machine-type communications: 

current status and future perspectives toward 5G 

systems,” IEEE Communications Magazine, vol. 53, no. 9, 

pp. 10-17, Sept. 2015. 

[14] R. Jin, X. Zhong, and S. Zhou, “The access procedure 

design for low latency in 5G cellular network,” in Proc. 

IEEE Globecom Workshops (GC Wkshps), Washington, 

DC, USA, 4-8 Dec. 2016, pp. 1-6. 

[15] H. Zhang, N. Meng, Y. Liu, and X. Zhang, “Performance 

evaluation for local anchor-based dual connectivity in 5G 

user-centric network,” IEEE Access, vol. 4, pp. 5721-

5729, 2016. 

[16] O. N. C. Yilmaz, O. Teyeb, and A. Orsino, “Overview of 

LTE-NR dual connectivity,” IEEE Communications 

Magazine, vol. 57, no. 6, pp. 138-144, June 2019. 

[17] A. Ravanshid, P. Rost, D. S. Michalopoulos, V. V. Phan, 

H. Bakker, et al., “Multi-connectivity functional 

architectures in 5G,” in Proc. IEEE International 

Conference on Communications Workshops (ICC), Kuala 

Lumpur, Malaysia, 23-27 May 2016, pp. 187-192. 

[18] S. J. Udoh and V. M. Srivastava, “CSFB-Cell selection 

reselection and handover between LTE and 3G network,” 

in Proc. Int. Conf. on Advances in Big Data, Computing 

and Data Communication Systems (ICABCD), Durban, 

South Africa, Aug. 2018, pp. 547-550. 

[19] S. J. Udoh and V. M. Srivastava, “Analysis of circuit 

switch fall back from E-UTRAN to UTRAN,” in Proc. 

22nd Southern Africa Telecommunication Networks and 

Applications Conference (SATNAC), Durban, South 

Africa, Sept. 2019, pp. 38-43.  

[20] S. Ryoo, J. Jung, and R. Y. Ahn, “Energy efficiency 

enhancement with RRC connection control for 5G new 

RAT,” in Proc. IEEE Wireless Communications and 

Networking Conference (WCNC), Barcelona, Spain, April 

2018, pp. 1-6. 

[21] D. S. Michalopoulos, I. Viering, and L. Du, “User-plane 

multi-connectivity aspects in 5G,” in Proc. 23rd 

International Conference on Telecommunications (ICT), 

Thessaloniki, Greece, May 2016, pp. 1-5. 

[22] A. Aijaz, “Packet duplication in dual connectivity enabled 

5G wireless networks: Overview and challenges,” IEEE 

Communications Standards Magazine, vol. 3, no. 3, pp. 

20-28, Sept. 2019. 

[23] O. Aydin, D. Aziz, and E. Jorswieck, “Radio resource 

sharing among operators through MIMO based spatial 

multiplexing in 5G systems” in Proc. IEEE Globecom 

Workshops (GC Wkshps), Austin, TX, USA, Dec. 2014, 

pp. 1063-1068. 

[24] E. O. Omoru and V. M. Srivastava, “MOSFET based 

absorber of reflected signal in 5G massive MIMO base 

station - A circuit perspective,” J. of Communications, vol. 

15, no. 11, Nov. 2020. 

[25] Z. Ding, Y. Liu, J. Choi, Q. Sun, M. Elkashlan, L. I. Chih, 

and H. V. Poor, “Application of non-orthogonal multiple 

access in LTE and 5G networks,” IEEE Communications 

Magazine, vol. 55, no.2, pp. 185-191, Feb. 2017. 

[26] L. Zhang, M. Xiao, G. Wu, M. Alam, Y. C. Liang, and S. 

Li “A Survey of advanced techniques for spectrum 

sharing in 5G networks,” IEEE Wireless Communications, 

vol. 24, no. 5, pp. 44-51, Oct. 2017. 

[27] M. Tayyab, X. Gelabert, and R. Jantti “A survey on 

handover management: From LTE to NR,” IEEE Access, 

vol. 7, pp. 118907-118930, 2019. 

[28] F. Salah and M. Rinne, “Performance analysis of user 

plane connectivity in the 5G non-standalone deployment,” 

in Proc. IEEE Global Communications Conference 

(GLOBECOM), Abu Dhabi, United Arab Emirates, Dec. 

2018, pp. 1-6. 

[29] P. K. Taksande, P. Jha, and A. Karandikar, “Dual 

connectivity support in 5G networks: An SDN based 

approach,” in Proc. IEEE Wireless Communications and 

Networking Conference (WCNC), Marrakesh, Morocco, 

April 2019, pp. 1-6. 

[30] J. Rao and S. Vrzic, “Packet duplication for URLLC in 

5G: Architectural enhancements and performance 

analysis,” IEEE Network, vol. 32, no. 2, pp. 32-40, 

March-April 2018. 

[31] E. Lahetkangas, K. Pajukoski, J. Vihriala, G. Berardinelli, 

M. Lauridsen, E. Tiirola, and P. Mogensen, “Achieving 

low latency and energy consumption by 5G TDD mode 

optimization,” in Proc. IEEE International Conference on 

Communications Workshops (ICC), Sydney, Australia, 

June 2014, pp. 1-6. 

[32] I. C. Lin, S. Han, Y. Chen, and G. Li, “Trillions of nodes 

for 5G!” in Proc. IEEE/CIC International Conference on 

Communications in China (ICCC), Shanghai, China, Oct. 

2014, pp. 246-250. 

[33] F. W. Vook, A. Ghosh, and T. A. Thomas, “MIMO and 

beamforming solutions for 5G technology,” in Proc. 

IEEE MTT-S International Microwave Symposium (IMS), 

Tampa, USA, June 2014, pp. 1-4. 

[34] S. Han, L. I. Chih, Z. Xu, and C. Rowell, “Large-scale 

antenna systems with hybrid analog and digital 

beamforming for millimeter wave 5G,” IEEE 

Communications Magazine, vol. 53, no. 1, pp. 186-194, 

Jan. 2015. 

[35] M. Lauridsen, D. Laselva, F. Frederiksen, and J. 

Kaikkonen, “5G new radio user equipment power 

modeling and potential energy savings,” in Proc. IEEE 

90th Vehicular Technology Conference (VTC2019-Fall), 

Honolulu, HI, USA, USA, Sept. 2019, pp. 1-6. 

[36] A. Gupta and R. K. Jha, “A survey of 5G network: 

Architecture and emerging technologies,” IEEE Access, 

vol. 3, pp. 1206-1232, 2015. 

[37] C. Shanzhi, S. Shaohui, W. Yingmin, X. Guojun, and R. 

Tamrakar, “A comprehensive survey of TDD-based 

mobile communication systems from TD-SCDMA 3G to 

TD-LTE(A) 4G and 5G directions,” China 

Communications, vol. 12, no. 2, pp. 40-60, Feb. 2015. 

[38] L. Sun and Q. Du, “Physical layer security with its 

applications in 5G networks: A review,” China 

Communications, vol. 14, no. 12, pp. 1-14, Dec. 2017. 

Journal of Communications Vol. 15, No. 12, December 2020

©2020 Journal of Communications 894

https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=35
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=35
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=7742
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6245522
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6245522
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6245522
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6245522


[39] B. Bertani, S. Nagata, H. Kooropaty, X. Zhou, W. Chen, 

Y. Kim, X. Dai, and X. Xu, “5G NR radio interface,” 

Journal of ICT Standardization, vol. 6, no. 1, pp. 31-58, 

2018. 

[40] N. Bhushan, T. Ji, O. Koymen, J. Smee, J. Soriaga, S. 

Subramanian, and Y. Wei, “5G air interface system 

design principles,” IEEE Wireless Communications, Oct. 

2017, pp. 6-8. 

[41] D. Soldani, M. Shore, J. Mitchell, and M. Gregory, “The 

4G to 5G network architecture evolution in Australia,” 

Australian Journal of Telecommunications and the 

Digital Economy, vol. 6, no. 4, pp. 1-30, Dec. 2018. 

[42] M. N. Sial and J. Ahmed, “Analysis of K-tier 5G 

heterogeneous cellular network with dual-connectivity 

and uplink–downlink decoupled access,” 

Telecommunication Systems, vol. 67, no. 4, pp. 669-685, 

2018. 

[43] H. Elshaer, F. Boccardi, M. Dohler, and R. Irmer, 

“Downlink and uplink decoupling: A disruptive 

architectural design for 5G networks,” in Proc. IEEE 

Global Communications Conference, Austin, TX, USA, 

Dec. 2014, pp. 1798-1803. 

[44] T. Levanen, K. R. Aho, J. Kaikkonen, S. Nielsen, K. 

Pajukoski, M. Renfors, and M. Valkama, “5G new radio 

and LTE uplink co-existence,” in Proc. IEEE Wireless 

Communications and Networking Conference (WCNC), 

Barcelona, Spain, April 2018, pp. 1-6.  

[45] H. Xu, L. Jin, M. Zhang, Z. Xing, and Z. Zhang, “Digital 

harmonic interference cancellation between LTE and 5G 

NR in terminal,” in Proc. IEEE 5th International 

Conference on Computer and Communications (ICCC), 

Chengdu, China, Dec. 2019, pp. 1011-1015. 

[46] S. Sun, T. S. Rappaport, and M. Shaft, “Hybrid 

beamforming for 5G millimeter-wave multi-cell 

networks,” in Proc. IEEE INFOCOM 2018-IEEE 

Conference on Computer Communications Workshops 

(INFOCOM WKSHPS), Honolulu, HI, USA, April 2018, 

pp. 589-596. 

[47] J. Isabona and V. M. Srivastava, “Downlink massive 

MIMO systems: achievable sum rates and energy 

efficiency perspective for future 5G systems,” Wireless 

Personal Communication, vol. 96, no. 2, pp. 2779-2796, 

Sept. 2017.  

[48] Q. Xue, X. Fang, and C. X. Wang, “Beamspace SU-

MIMO for future millimeter wave wireless 

communications,” IEEE Journal on Selected Areas in 

Communications, vol. 35, no. 7, pp. 1564-1575, July 2017. 

[49] X. Zhang, J. Zhang, W. Wang, Y. Zhang, L. I. Chih, Z. 

Pan, G. Li, and Y. Chen, “Macro-assisted data-only 

carrier for 5G green cellular systems,” IEEE 

Communications Magazine, vol. 53, no. 5, pp. 223-231, 

May 2015. 

[50] X. Lin, J. Li, R. Baldemair, J. F. T. Cheng, S. Parkvall, et 

al., “5G new radio: Unveiling the essentials of the next 

generation wireless access technology,” IEEE 

Communications Standards Magazine, vol. 3, no. 3, pp. 

30-37, Sept. 2019. 

[51] F. H. Sepehr, Y. Kwak, and D. Chatterjee, “5G NR 

PDCCH: Design and Performance,” in Proc. IEEE 5G 

World Forum (5GWF), Silicon Valley, CA, USA, July 

2018, pp. 250-255. 

[52] M. Kollar, “Dual connectivity for LTE-NR cellular 

networks in evolved packet system and critical review on 

challenges in SgNB release,” SN Applied Sciences, no. 

1165, pp. 1-7, 2019. 

 

Copyright © 2020 by the authors. This is an open access article 

distributed under the Creative Commons Attribution License 

(CC BY-NC-ND 4.0), which permits use, distribution and 

reproduction in any medium, provided that the article is 

properly cited, the use is non-commercial and no modifications 

or adaptations are made. 

 

Er. Sylvester J. Udoh obtained his 

B.Eng in the department of Electrical 

Electronics Engineering, Options in 

Telecommunication with Madonna 

University at the year 2007. He has vast 

experience in Radio Network Planning 

and Optimization with multi-vendor 

equipment and various technologies 

starting as field data collection drive test engineer in 2010. 

Presently, he is pursuing his Masters in Electronics Engineering 

from the Department of Electronic Engineering, Howard 

College, University of KwaZulu-Natal, Durban, South Africa.  

He has published various IEEE articles. He is a Registered 

Engineer with IEEE, IAENG and IITPSA. His area of research 

interest includes CSFB failures, cell selection and reselection 

involving multi RAT, and Non standalone 5G network 

performance etc.  

 

Prof. Viranjay M. Srivastava is a 

Doctorate (2012) in the field of RF 

Microelectronics and VLSI Design, 

Master (2008) in VLSI design, and 

Bachelor (2002) in Electronics and 

Instrumentation Engineering. He has 

worked for the fabrication of devices and 

the development of circuit design. 

Presently, he is working in the Department of Electronic 

Engineering, Howard College, University of KwaZulu-Natal, 

Durban, South Africa. He has more than 17 years of teaching 

and research experience in the area of VLSI design, RFIC 

design, and Analog IC design. He has supervised various 

Bachelors, Masters, and Doctorate theses. He is a Professional 

Engineer of ECSA, South Africa and Senior member of IEEE, 

IET, and member of IEEE-HKN, IITPSA. He has worked as a 

reviewer for several Journals and Conferences, both national 

and international. He is author/co-author of more than 240 

scientific contributions, including articles in international 

refereed Journals and Conferences and also the author of 

various books. 

 

 

 

Journal of Communications Vol. 15, No. 12, December 2020

©2020 Journal of Communications 895

https://creativecommons.org/licenses/by-nc-nd/4.0/



