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Abstract— In the context of Electromagnetic (EM) Radiation, a realistic (inhomogeneous) model for human head having 
numerous tissues is analyzed with respect to an ideal (homogeneous) model. And the exposures are considered based on the 
simulations based on the Specific Absorption Rate (SAR) pertaining to the head. Both models exhibit same total SAR, but in 
terms of maximal and local SAR they tend to be different. In order to overcome, Base station-to-Base station (BS-to-BS) & 
User Equipment-to-User Equipment (UE-to-UE) interferences arising due to asymmetric Uplink (UL) and Downlink (DL), 
synchronous transmissions are deployed in Time Division Duplex (TDD) systems. But, this limits the configuration of 
resources dynamically. Heterogeneous Networks (Hetnets) incorporating high power-wide area and low power-small area 
create opportunities in harnessing the dynamic UL-DL feature and thereby adapting to the asymmetric UL-DL in each cell. 
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. This paper discusses the EM Asymmetric scenario and its design aspects, requirements and 
deployment of UL-DL reconfiguration in view of EM Asymmetry. 
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I. INTRODUCTION 
 
Mobile communications grew rapidly in the recent 
past and the cellular phone users increased by almost 
500 times [10] in the last two decades. Hence, the 
concern for potential adverse effects resulting from 
irradiation of the human head increased. Mobile 
phones operating in close proximity to human body 
radiate EM energy. Researches like Interphone [11, 12] 
discussed the relationship between EM radiation and 
brain & parotid tumors. The EM radiation from 
mobile phones is classified as “possibly carcinogenic” 
[1], by the International Agency for Research of 
Cancer (IARC). SAR is fundamental measure of 
energy absorbed by the human body. It is the 
quantitative indicator for the interaction of EM 
radiation with human body. SAR studies will be more 
useful taking in to account the vulnerable parts of the 
human body. The results of the study [2, 3] for both 
homogeneous & Inhomogeneous cases will vary. The 
absorption of EM radiation in the human head is not 
homogeneous and it is strongly absorbed in certain 
areas than the average level. 
Therefore, evaluations in terms of locations of 
absorption and values of absorption are both 
important. 
The major advantage of TDD system is the variation 
Transmission Time Intervals (TTIs) for 
accommodating DL/UL asymmetry. Time Division 

Long Term Evolution (TD-LTE) supports [13] seven 
Uplink-Downlink configurations, where up to 90 
percent of TTIs can be used for downlink. Even 
though D-LTE is able to handle asymmetry with the 
help of different UL/DL configurations, practically, it 
deploys synchronous operation with all cells having 
same transmission directions and uplink-downlink 
configurations. And this is done to avoid interference 
which prohibits using opposite transmissions in 
surrounding cells. Keeping in view, the performance 
of the system in EM asymmetric system, 
synchronization requirement needs to be strictly 
adhered [14]. Also, a guard period is defined in the 
subframe [13] such that the interference for the uplink 
reception does not get affected due to any Base Station 
(BS) in the range. Hence, UL-DL configuration 
depends on long term statistics of the traffic obtained 
across the TD-LTE network and it does not change 
frequently. EM Asymmetry is very significant in the 
TD-LTE networks. The asymmetry varies with time 
and among cells. This paper discusses the 
implementation of dynamic DL-UL reconfiguration in 
TD-LTE systems in detail in the context of EM 
Asymmetry. 
 
II. EM RADIATION: SAR MODELS 
 
The Homogeneous head model with uniform tissue is 
depicted in Figure 1. The relative permittivity, tissue 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-3, Issue-9, Sept.-2015 

A Dynamic Ul-Dl Reconfiguration Scheme In Lieu Of Em Radiation & Interference Based On Em Asymmetry In Mobile Communications Systems 
 

82 

density and conductivity pertaining to the model are 
shown in Table 1 [4]. The Inhomogeneous model with 
several tissues [5] for analyzing the features of head 
anatomy is presented in Figure 2. And the related 
electric parameters are shown in Table 2 [6-8]. The 
Homogeneous & Inhomogeneous models are depicted 
in Figures 1 & 2 respectively. The global appearance 
of head models are depicted in Figure 1a & 2a. And 
the longitudinal cross-sections are depicted in Figures 
1b & 2b. The Inhomogeneous model with lateral 
cross-section is depicted in 2c. 

 

 
Figure 1: Homogeneous model: a) 3-dimensional picture [9], 

b) longitudinal cross-section 
 

 
Figure 2: Inhomogeneous model: a) 3-dimensional picture, b) 

longitudinal cross-section, c) lateral cross-section. 
 
 The magnitudes of total SAR, local SAR and point 

SAR (for 1g and 10g) are considered. The SAR values 
decrease monotonically in homogeneous model while 
in Inhomogeneous model it is non-monotonic. This is 
due to the fact that inner tissue absorbs more than the 
averaged whole mass, which in turn, depends on its 
electric and physical properties.  

 
Table 1: Homogeneous model-parameters  

 
Table 2: Inhomogeneous head-parameters 

 

III. DYNAMIC UL-DL RECONFIGURATION 
SCHEME FOR EM ASYMMETRY 
 

Basic TDD system does not support 
uplink-downlink reconfiguration based on EM 
Asymmetry. Hence, the key aspects for 
reconfiguration in TD-LTE systems are proposed in 
this section. Resource scheduling of UL-DL in LTE is 
taken care by eNodeB, and thereby providing efficient 
resource usage. The scheduler is able to prioritize the 
data channels between UL & DL with the help of 
dynamic UL-DL reconfiguration and the buffer data 
matching is achieved by the scheduler which monitors 
the traffic with respect to buffer status. Based on 
spectral efficiencies, the TTIs for UL & DL are 
decided and typically they are not the same for uplink 
and downlink. 

 

 
Figure 3: PDSCH and PUSCH HARQ timeline 

 
The broadcast information of the system will aid the 

reconfiguration of UL & DL, where, all the users shall 
engage in the acquisition of updated information 
pertaining to the system. The hurdles encountered 
while changing the UL-DL configuration based on 
EM Asymmetry is that the reconfiguration cannot take 
place more frequently than every 640 ms. 
Additionally, an ambiguity period exists, which leads 
to discontinuity of Hybrid Automatic Repeat Request 
(HARQ).  

 Adapting a higher layer signaling of UE-specific 
for updating the system information is done to indicate 
the new UL-DL configuration, and thereby, 
overcoming the hurdles in the system. The downlink 
control message i.e., Radio Resource Configuration 
(RRC) message or Medium Access Control (MAC) 
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element is sent to the targeted UE leading to the 
updating of uplink-downlink configuration and 
thereby, giving chance for quick UL-DL 
reconfiguration according to the instantaneous 
asymmetric traffic. The ambiguity period is mainly the 
result of feedback delay for transmitting the 
acknowledgement. Hence, a new physical layer 
signaling is introduced, where, the information about 
the transmitting direction of the subframe is given by 
UE by UE-specific signaling. Any subframe is 
considered to be downlink subframe, unless the UE is 
configured to transmit any uplink signal in the 
subframe. 

 

 
Figure 4: TD-LTE Uplink-Downlink Configuration 

 
  An effective physical layer mechanism for the 

improvement of transmission reliability in coping 
with time-varying wireless environment is HARQ. 
TD-LTE employs asynchronous HARQ for downlink 
and synchronous HARQ for uplink on the Physical 
Downlink Shared Channel (PDSCH) and Physical 
Uplink Shared Channel (PUSCH). The latency 
between PDSCH and HARQ feedback [16] is 
indicated with asynchronous HARQ in downlink, 
while, the latency between PUSCH and HARQ 
feedback is indicated by HARQ in uplink 

 

 
Figure 5: Mitigation of clustering interference 

The HARQ timeline [16] for TD-LTE 
uplink-downlink configuration #0 is shown in Figure 
3. In these systems, as reconfiguration rate increases 
the impact of HARQ timeline on the performance will 
be negligible. Out of, seven UL-DL configurations in 
TD-LTE as shown in Figure 4, subframes #0, #1, #5, 
#6 are used for downlink, while, subframe #2 is 
common uplink subframe. PUSCH or PDSCH HARQ 
timeline is used in dynamic uplink-downlink 
reconfiguration of TD-LTE systems. The main aspect 
that limits the dynamic uplink-downlink 
reconfiguration is BS-to-BS interference. Even 
though, the performance degradation due to 
terminal-to-terminal interference exists between any 
two UEs, its statistical occurrence is less than that of 
BS-to-Bs interference. Hence, as shown in figure 5, 
effectively, it is always ensured that, same 
transmission directions exist among coupled base 
stations (also known as Cell Clusters).  
 
IV. SIMULATION RESULTS 
 
A. Simulation Environment 
       For estimating the benefits of dynamic 
uplink-downlink reconfiguration, system-level 
analysis has been conducted. As shown in Tables3 & 
4, the evaluation methodology, involving system 
parameters and traffic modeling as designated by 
3GPP (Third generation Partnership Project) [17] are 
considered. 

 
             Table 3: Assumed System Parameters 

 
Table 4: Assumed Traffic Parameters 

 

 
 

B. Simulation Results 
The Asymmetry between UL & DL and interference 

environments are analyzed with geometry     
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Signal-to-Interference-plus-Noise-Ratio (SINR). 
With respect to uplink and downlink transmission, 
two scenarios are investigated. In the first case, every 
picocell operates synchronously both in UL & DL 
transmission directions. And in the second case, each 
picocell randomly selects UL or DL directions with an 
equal probability. 

 

 
Figure 6: (a) performance evaluation of dynamic UL-DL 

configuration (downlink geometry SINR) 
 

 
Figure 6: (b) performance evaluation of dynamic UL-DL 

configuration (uplink geometry SINR) 
 
Cells are combined to form cell clusters, and cells 

inside a cluster use the same uplink-downlink 
configuration (operating synchronously). But, the 
synchronous operation does not preclude traffic 
adaptation, and this adaptation is performed 
cooperatively, based on the traffic in each cell. Figures 
6(a) & 6(b) show results of downlink and uplink 
geometry SINR. The cumulative distribution Function 
(CDF) indicates that downlink SINR improves as the 
Pico-cells change the transmission from downlink to 
uplink. But, the uplink SINR degrades with 35 percent 
of uplink transmission experiencing negative SINR, 
when Pico-cells that are selected operate in downlink. 
 
CONCLUSION 
 

The analysis of the proposed method clearly 
indicates that EM Asymmetry can be mitigated. As the 

heterogeneous deployments are emerging, dynamic 
uplink-downlink reconfiguration scheme is 
considered as the ultimate solution for 
accommodating the explosive growth of mobile 
internet traffic, UL-DL reconfiguration scheme 
provides performance improvement in TD-LTE 
mobile communication systems.  
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