
International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-8, Aug.-2015 

On The Power Control Due To EM Radiation From Uplink Power And The Interference Management In Ea TD-LTE Systems 
 

30 

ON THE POWER CONTROL DUE TO EM RADIATION FROM 
UPLINK POWER AND THE INTERFERENCE MANAGEMENT IN EA 

TD-LTE SYSTEMS 
 

1V.RAMAKRISHNA SHARMA, 2P.CHANDRASEKHAR 
 

1PhD Scholar, ECE Dept, JNTUK, Kakinada, A.P. India,  
2Associate Professor, ECE Dept, OsmaniaUniversity, Hyderabad, Telangana, India 

E-mail: 1Sharma.vydhyula@gmail.com, 1Sharma.vydhyula@hotmail.com, 2sekharpaidi@yahoo.com 
 
 
Abstract- The rapid evolution of digital mobile data 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. 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. 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. Time Division 
Long Term Evolution (TD-LTE) is meant to utilize dynamic Time division duplex(TDD) and adjust its service for the fast 
changes in Downlink(DL) and Uplink(UL)traffic Asymmetry. But the same subframe will have different DL/UL will have 
different DL/UL directions in neighboring cells leading to interference between different  base stations and user equipments. 
A versatile UL power control scheme is proposed in the context of EM radiation and interference both occurring due to EM 
Asymmetry. 
 
Index Terms- EA, EM Radiation, SAR, SFR, TD-LTE. 
 
I. 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 [13]. The value of 
4W/kg is considered worldwide as the threshold for 
the induction of biological thermal effects [14]. The 
human head consists of several materials that are 
responsible for EM energy absorption [15]. Majority 
of all contemporary mobile communication services 
are asymmetric, such as high multimedia [16, 17]. 
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 [18]. All contemporary 
mobile communications systems are serving several 
multimedia services namely, video streaming, online 
gaming, voice over internet protocol (VOIP) etc. As a 
result, the Electromagnetic Asymmetry (EA) 
characteristic is highly remarkable. Future mobile  

 
networks, e.g., LTE Release 12/13 shall be mainly 
based on Time division duplex (TDD) rather than 
Frequency division duplex (FDD) because in the 
former, transmissions are conveniently suitable with 
fluctuating traffic in both uplink (UL) and Downlink 
(DL) [8]. In dynamic TDD, uplink and downlink 
subframes are configured dynamically and thereby 
adapting their communication services for the fast 
variations of DL/UL traffic in both the directions. 
Dynamic TDD was found to yield good results in 
homogeneous cellular networks [9]. UL/DL resource 
configuration in each cell is carried out individually in 
dynamic TDD networks. Intercellular interference 
between neighboring base stations (NB), NB-to-NB 
and between User equipment (UE), UE-to-UE is the 
major challenge. NB-to-NB shows significant impact 
on the uplink performance [10]. The existing schemes 
for interference mitigation are [11, 12]. Assigning 
higher rate for disadvantaged cell edge UE is achieved 
by Soft Frequency Reuse (SFR) in Long Term 
Evolution (LTE) framework [1, 12]. An intercellular 
coordination scheme to coordinate the transmission 
times and user modes in other neighboring cells is 
discussed in [4]. In view of EA, neighboring cells can 
have different DL/UL configurations. Every NB alters 
the transmit power in few specific DL subframes that 
are potentially responsible for severe NB-to-NB 
interference for the neighboring cells [5]. The uplink 
subframe sets get configured dynamically in 
accordance with the monitored interference level [6]. 
In view of the EA, an approach for the EM interaction 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-8, Aug.-2015 

On The Power Control Due To EM Radiation From Uplink Power And The Interference Management In Ea TD-LTE Systems 
 

31 

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 with 
interference problem that is associated with them. 
 
II. EM RADIATION: SAR EXPOSURE LIMITS 
 
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. SAR is the widely accepted and the most 
appropriate metric in the determination of the EM 
exposure from the mobile terminal [18]-[20]. 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. 
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. 
To ensure 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 [23]. IEEE provides the standard safety 
levels [21] of SAR. Also, the European standard EN 
50360 specifies the SAR safety limits [22]. 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 major regions of 
the world are shown in Table 1. 
 

Table 1: SAR Limits of the major regions of the 
world 

 

III. EXISTING SYSTEM 
 
The heterogeneous networks with co-channel and 
adjacent channel interferences are considered in 
Enhanced Interference Mitigation and Traffic 
Adaptation (eIMTA) [8]. A heterogeneous network 
implementation which illustrates both NB-to-NB and 
UE-to-UE interferences usually occurring in Time 
division Long Term Evolution (TD-LTE) is shown in 
Figure 1.  The picocells 1 & 2 possess different 
configurations. NB1 gets interfered by NB2 in the 
fourth subframe, when the cells are transmitting. UE 
B gets interfered by UE A in the receiving mode. 

 

Figure 1: Interference In Dynamic TD-LTE 
 
IV. PROPOSED SYSTEM 
 
Uplink power control is the mechanism employed for 
mitigating EM radiation and also interference. The 
proposed system is based on closed loop power control 
where the closed loop component alters the transmit 
power of the terminal through commands that are 
explicitly transmitted. A discussion on power control 
is found in [7]. Power determination of a given 
subframe depends on closed loop components 
applicable to subframe set for which the subframe 
belongs. A variety of 7 different DL/UL 
configurations pertaining to dynamic TD-LTE is 
depicted in Figure 2. 
 

 
Figure 2: Dynamic TDD DL/UL Configurations. 
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NBs select configurations according to the traffic. 
Configuration 0 does not lead to NB-to-NB 
interference with any other configuration. Potential 
interference in subframe #3,#4,#7,#8 and #9 is 
considered, while, the subframe #0,#1,#2,#5, and #6 
are termed as Fixed subframe (FIS) , the remaining 
subframes are known as Flexible subframes (FLS). 
For the quality improvement of the uplink, an usual 
procedure is to increase the received signal 
Signal-to-Interference plus Noise Ratio (SINR) of the 
subframes suffering from NB-to-NB interference and 
the SINR of the NB  i  is given by equation 2 as 
follows: 

                                 (2) 
Where,  

 is the effective UE transmit power, 

Is the white noise and   is the received 
interference from neighboring NBs. 
Frequent change in transmit power of NBs is to be 
avoided in LTE. Hence, this aspect is addressed in the 
proposed scheme by properly increasing the effective 
UE transmit power. The suitable UE transmission 
powers are set for FIS and FLS. Subframes of 
neighboring cells have different interferences so  

 should vary synchronously. The initial step in 
the power adjustment of the proposed scheme is the 
estimation of the possible number of interfering NBs. 
Interference calculation is done by NBs while the UE 
takes care of power control which is based on an 
indicator. And this process is carried out periodically. 
Once the numbers of interfering sources are 
determined, the NB being interfered receives the 
configuration information. Further, there are two 
different ways of sending this information. In the first 
way, a bit map of 5 bits giving the link information of 
FLS is sent. And in the second way, DL/UL 
configuration number is sent where only 3 bits are 
used.  
Corresponding configuration is chosen by NB and 
there on adapting to the cell traffic in a periodic 
manner. So, the DL/UL reconfiguration period 
precedes the power control period. An interference 
level Indicator is defined, which is denoted by I and 
calculated based on the NBs configuration 
information. I for a subframe of NB I is defined by 
equation 3 as shown: 

                           (3) 
Where,  

 is one among the five bits denoting the 
configuration information of the interfering NB, 

is the transmit power of the adjacent NB and  

 is the path loss, which is an influential factor. 
The UEs vary their transmit power in accordance with 
the interference level indicator. And   will 
follow as defined in Table 2. 
 

Table 2: Relationship between I and  

 
 
V. SIMULATIONS 
 
A. Simulation parameters 
When adjusted, the UE transmit power does not 
exceed the maximum value. Both power control 
period and DL/UL reconfiguration period are selected 
to be 10 ms.  Other simulation parameters are 
presented in Table 3.  
 

Table 3: Simulation Parameters 

 
 
B. Simulation Results 
The performance metric we adapted in our work is 
DL/UL packet throughput. The average packet 
throughput and 5 percentile packet throughput gives a 
measure of overall system performance and cell-edge 
performance respectively.  Graphs of average and 5 
percentile throughputs with respect to baseline 
schemes are shown in Figures 3 & 4.  The gain of the 
proposed scheme is low at low packet arrival rates as 
the interference and DL/UL reconfiguration is low. 
 

 
Figure 3: Average DL/UL Throughput Vs. UL Packet Arrival 

Rate. 
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Figure 4: 5percentile DL/UL Throughput Vs.  UL  Packet 

Arrival Rate. 
 
In view of EM radiation, there is a reduction in UL 
time slot resource which is beneficial for DL packet 
throughput and as a result there is no significant 
change in it which is shown in Figure 3. But, 5 
percentile DL packet throughput decreases slightly as 
shown in Figure 4 and significant performance gains 
are observed from low to medium traffic loads. 
 
CONCLUSION 
 
This paper investigated an uplink power control 
scheme in view of the Electromagnetic radiation due 
to uplink power from the the User equipment on the 
human body and also the interference resulting from 
dynamic DL/UL. The gains in performance are 
significant in terms of uplink throughput of packets. 
More importantly, our work strives to achieve a 
scenario where UE-to-UE interference is not seriously 
affected in spite of the increase in the transmit power.    
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