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Abstract 
 

The revolutionary evolution of digital mobile data wireless communication 

services exerted a need for serious thrust on more efficient ways to address the 

harmful effects of electromagnetic radiation due to the Uplink power of the 

mobile terminal on the human body. The Specific Absorption Rate (SAR) 

value is the standard dosimetric parameter in defining the energy absorbed by 

the human body exposed to EM radiation. Particularly, smart phones and other 

portable wireless mobile devices like tablets which are in close vicinity to the 

human body have vastly increased the complexity of EM radiation on different 

body regions. Electromagnetic Asymmetry (EA) means that, under the 

restriction of EM radiation, the equivalent bandwidth of uplink should be 

narrower than that of downlink in view of the duplexing schemes. Increase in 

multimedia services and the wide scale use of various applications like web 

browsing, real-time video and interactive games have resulted in the EA 

between the uplink and downlink. We present a procedural approach for the 

evaluation of the Electromagnetic (EM) Radiation influence of the interaction 

of the mobile terminal with the human body. We also investigate the factors 

that may influence this interaction. The factors have been considered for 

different mobile handset models. Homogeneous and heterogeneous models are 

used for simulation and validation. Long Term Evolution (LTE) introduced by 

3
rd

 generation partnership project (3GPP) dominates the mobile 

communications networks. In this work, a thorough analysis, in view of EA of 

the Frequency division duplex (FDD) and Time division duplex (TDD) 

operational modes for uplink and downlink and their performance evaluations 

have been carried out. Our work is unique, as we discuss performance study 

based on EM radiation. This paper provides the maximum data throughput 

investigations for different scenarios in a very comprehensive manner. 
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Introduction 
The proliferation of handheld transceivers has raised the level of concern for possible 

biological effects of EM radiation absorbed by the humans. A large fraction of power 

radiated by the mobile terminal is absorbed by the user. Particularly, in the RF and 

microwave frequency bands, the absorbed EM energy results in the heating of the 

tissues [12]. The value of 4W/kg is considered worldwide as the threshold for the 

induction of biological thermal effects [13]. The human head consists of several 

materials that are responsible for EM energy absorption [14]. Majority of all 

contemporary mobile communication services are asymmetric, such as high 

multimedia [15, 16]. The downlink of service requirement is vastly than of uplink 

both in transmission total amount and transmission rate. The asymmetric 

characteristic of uplink and downlink due to EM radiation is named as 

Electromagnetic Asymmetry (EA) between UL and DL. The effects of EM radiation 

on the surrounding environment are always a controversial problem. With the large-

scale use of mobile communications, the total amount of EM radiation has increased 

and people have to re-evaluate the biological effects of mobile communications [17]. 

Usage of mobile phones in varied patterns introduces an EM interaction between the 

mobile terminal and human body. The impact of the mobile terminal on the user is 

often considered as the exposure of the user to the radiating device. 

     In view of the public health risk, SAR became a crucial parameter in public 

discussions and underscores the importance of optimizing the interaction between the 

mobile handset and user with consumers and mobile manufacturers as the stake 

holders. Experimental measurements or numerical computations can be used to 

evaluate the interaction between mobile handset and human body. The experimental 

way of measuring uses actual mobile phone and a homogeneous human head model 

with two or three tissues and heterogeneous head model considers more than thirty 

different tissues but the headset is modelled as a simple box consisting an antenna 

whereas the headset models are classified as simple and semi-realistic.[1]-[9]. LTE 

employs Orthogonal Frequency Division Multiplex (OFDM) for and Single Carrier 

Frequency Division Multiple Access (SC-FDMA). With different frame structures in 

time domain, it supports FDD and TDD schemes. Based on system bandwidth which 

varies from 1.4 MHz to 20 MHz different Resource Blocks (RBs) can be addressed in 

frequency domain. Each RB is 0.5 ms and 180 kHz in time domain and frequency 

domain respectively. The number of subcarriers and symbols are different for each 

RB [10], and they depend on the cyclic prefix code and subcarrier spacing. The 

overview of specifications and performance is provided in [11]. In the context of EA, 

we system bandwidth of 20 MHz is considered for analysing the maximum 

throughput for different scenarios and the performance study of TDD and FDD 

operational modes are discussed for different diversity schemes, code rates and data 

modulations.  
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System Considerations 
The System considerations are SAR, Assessment of EM Interaction and SAR 

Exposure Limits. 

 

SAR 

SAR is the widely accepted and the most appropriate metric in the determination of 

the EM exposure from the mobile terminal [18]-[26]. It is expressed as the W/kg of 

human tissue and is averaged over a volume of either 1 g or 10 g of tissue. SAR 

measurements are made in two ways where in the first way body phantoms, robot and 

test equipment is used as shown in figure 1, and the second way by means of 

mathematical modelling which is very costly and consumes several hours.  

 

            
(a) SAR Measurement by              (b) SAR Measurement by 

Index SAR company   SPEAG Company 

 

Figure 1: SAR Measurement setups 

 

     There are three approaches to calculate the SAR namely the 3-, 6-, and 12-field 

components approach. The 12-field approach is very complicated but it is most 

accurate and appropriate from mathematical point of view [27]. The 12-field 

components approach is preferred by IEEE Standard 1529 [28]. The Specific 

absorption rate is mathematically written as in equation (1) 

              

(1)

 

     Where,  is the Specific heat capacity, 

      is the electric conductivity,  

      is the mass density of the tissue,  

      is the induced electric field vector and  

     is the temperature increase in the tissue. 

 

Assessment of EM Interaction 

The physical head model (phantom) for the assessment of EM interaction, specified in 

IEEE-Std. 1528 and IEC 62209-1 is Specific Anthropomorphic Mannequin (SAM). It 

is based on the 90
th

 percentile of survey of American male military personnel and 

which was developed by IEEE Standards Coordinating Committee 34, Subcommittee 
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2, Working Group 1 (SCC34/SC2/WG1). The block diagram which illustrates the 

numerical computation of the EM interaction of mobile terminal with the human body 

using Finite difference Time domain (FDTD) is shown in figure 2. 

 

 
 

Figure 2: Block Diagram For Numerical Computation of EM Interaction 
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SAR Exposure Limits 

For ensuring the protection of public from exposure due to EM fields when mobile 

transceivers are operated in close vicinity to human body, many countries across the 

world have regulations which limit the exposure to EM fields. The International 

Commission on Non-Ionizing Radiation Protection (ICNIRP) is an independent 

organization which prescribes the guidelines and recommendations with regard to EM 

exposure [29]. IEEE provides the standard safety levels [20] of SAR. Also, the 

European standard EN 50360 specifies the SAR safety limits [21]. Basically, the 

limits are defined for the exposure to the whole body but most of the SAR testing is 

concerned about the exposure to the head. The SAR limits of the non-occupational 

users prescribed in different major regions across the world are shown in Table 1. 

 

Table 1: SAR limits for non-occupational users across different major regions of the 

world 

 

 
 

     The two compliance test positions showing the generic phone in close proximity to 

a SAM phantom at cheek and tilt-position in accordance with IEEE-Std. 1528-2003 

[18] is shown in figure 2. 

 

 
 

(a) Cheek-position        (b) tilt-position 

 

Figure 3: SAM Next To Generic Phone 
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     Also, Different head dimensions belonging to different origins show different EM 

wave interactions. This is mainly because of different pineal size and thickness, the 

distance between the mobile antenna source and the nearest head tissue varies 

accordingly. The pooled statistics given in [30], for the generic phone in close 

proximity to the SAM at cheek and tilt-position and which are normalized to 1 W 

power are summarized in Table 2. 

 

Table 2: SAR statistics of generic phone [30] at cheek and tilt-positions 

 

 
 

System Requirements 

The system requirements section consists of Architecture and physical description. 

 

Architecture 

 

 
  

Figure 4: Evolved packet system 
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     The Evolved packet system [31] as presented in figure 4. Consists of Home 

Subscriber Service (HSS) , Policy control and charging Rules function (PCRF) [32], 

Packet Data Network Gateway (P-GW), Serving Gateway (S-GW), Evolved packet 

core (EPC), User Equipment (UE), Mobility Management Entity (MME). Evolved 

Universal Terrestrial Radio Access (E-UTRA) is the air interface of LTE. P-GW 

connects UE to external packet data network and acts as an anchor. It also performs 

the tasks of user packet filtering and policy enforcement. S-GW acts as a mobility 

anchor. The channels that are assigned for data and control in the PHY layer are 

shown in Table 3. 

 

Table 3: List of data and control channels 

 

 
 

System Description 

The Downlink and uplink transmission radio frames are 10 ms each. Two 5 ms half 

frames are used in TDD and each half frame is divided into 4 subframes and one 

special subframe but whereas in FDD, each frame consists of ten 1 ms subframes. But 

in both FDD and TDD each subframe has two slots of 0.5 ms each. Resource blocks 

(RBs) consists of resource elements (REs) or subcarriers of the same type of 

modulation. RB configurations are shown in Table 4. 

 

Table 4: Configurations of Resource Blocks 

 

 
 

The PHY channels and reference signals are mapped into the structure of resource 

elements.  

     The allocation counts of resource elements per 10 ms frame to different channels 

for FDD-DL, FDD- UL and TDD for various antenna configurations and different 

channel bandwidths are shown in Tables 5, 6 and 7. 
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Table 5: FDD-DL resource allocation 

 

 
 

Table 6: FDD-UL Resource Allocation 

 

 
 

Table 7: TDD Resource Allocation 

  

 
 

 

Simulations 
The Simulations section consists of Simulation Environment and Performance results 

 

Simulation Environment 

The results are simulated in MATLAB environment and the relevant parameters are 

shown in Table 8. The major parameters are Channel bandwidth, Mode of duplexing 

scheme, channel type, Code rates, subcarrier spacing, frame period and modulation 

etc., 

 

 



SAR Considerations of The EM Radiation & System Requirements of et. al.  30129 

Table 8: Simulation Parameters 

 

 
 

 

Performance Results 

The performance results of uplink and downlink for different cases of FDD and TDD 

are divided into two categories: First, 1.4 MHz bandwidth utilizing single input single 

output and second, 20 MHz maximum antenna diversity mode. 

 

 
 

Figure 5: FDD uplink Throughput in 1.04 MHz Bandwidth 
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Figure 6: FDD uplink Throughput in 20 MHz Bandwidth 

 

     Figures 5 & 6 present the maximum throughput performance in 1.04 MHz and 20 

MHz bandwidths based on the simulation parameters. When 64-QAM with code rate 

of 0.85 is considered then, the UE is will be able to send 2.93 Mbps only with 1.04 

MHz bandwidth but with 20 MHz bandwidth the uplink is 71.97 Mbps which nearly 

17 times greater. 

 

 
 

Figure 7: TDD downlink Throughput in mode 0 & mode 5 
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Figure 8: TDD uplink Throughput in mode 0 & mode 5 

 

     Figures 7 & 8 present the throughput for mode 0 (with six subframes) and mode 5 

(with one subframe) Of TDD. The maximum throughputs in uplink are 43.18 Mbps 

and 7.19 Mbps in mode 0 & mode 5 respectively. 

 

 

Conclusion 
In view of the EA, an approach for modelling of the EM interaction with human body, 

the safety limits of exposure and the system requirements required for addressing the 

EM radiation due to mobile terminals are discussed. This work is a response to the 

lack of comprehensive study on the relationship between EM radiation at the user 

equipment and the duplex schemes being used. The main objective was to provide a 

holistic approach for maximum uplink throughput in both TDD and FDD modes in 

the context of EA under varied scenarios and configurations with different data 

modulations and code rates. 
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