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Abstract 
In MRI three kinds of magnetic flux density are applied: the first – strong B0 field 

in z-direction, the second – B1 transverse radio-frequency wave and the third – space-

coded fields (G gradients) in z-directions as well. In the paper low (sick) fields of 0.1 

Tl – 0.35 Tl are considered. In such kind of low fields the fluid is unable to reach 

saturation and nano-particles revolve in additional rotating magnetic field. The 

magnetization in magnetic fluids increases in spiral form. 

 

 

1. INTRODUCTION 

In MRI three kinds of magnetic flux density are applied: the first – strong B0 field 

in z-direction, the second – B1 transverse radio-frequency wave and the third – space-

coded fields (G gradients) in z-directions as well.  

B0 field of about 1.5 Tl is induced by polarization of nuclear spins. Then relatively 

less will be B1 field (approximately 0.01 Tl), used for transportation of induced 

magnetization into transverse component of the pattern as well, as G gradients (~10 

mTl/m), used for the space coding of the transfer magnetization.  

For high B0 fields at ordinary MRI it shows that the equilibrium of the 

magnetization for magnetic fluids will be saturated and the particles of the fluid will 

be in accordance with B0, i.e. will be lined in B0 direction [1, 2]. 

In the paper low (sick) fields of 0.1 Tl – 0.35 Tl are considered. In such kind of 

low fields the fluid is unable to reach saturation (is not completed) and nano-particles 

revolve in additional, also revolving magnetic field. 

 

2. MAGNETIZATION IN LOW/SICK FIELDS - BASIC EQUATIONS 

 Under an action of a magnetic field the expression for relaxation of the 

magnetization for magnetic fluids is given as follows 

mailto:ketinooo@hotmail.com
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which at the same time provides as the magnetization, as the re-orientation of given 

field.  is the vector of linear velocity of the magnetic fluid, while   the vector of 

spin velocity of the magnetic fluid and  its time of relaxation. 

The left-hand-side of (1) is straightly dependent on  velocity of the linear motion 

and on  angular (spin) velocity. The equation of state in the magnetic field possesses 

the time constant characteristic for the equilibrium magnetization, described by the 

following expression: 

 

 being Brown’s and Neel’s times of relaxation, respectively, given as 

follows: 

 

 

 being the hydrodynamic volume of nano-particles in m
3
, while  the 

dynamic viscosity of the given fluid (ns/m
2
), k – Boltzmann’s constant, T – the 

absolute temperature (if no other hints are given, assume 295 K or 22 
0
C). Vp is the 

volume of nano-particles in m
3
 (excluding the active external particles),  being the 

anisotropic constant (J/m
3
) and  is Neel’s time characteristic (in nano-seconds). 

Usually  s. In (2) the smallest time constant is denoted by . Thus, 

at Brown’s and Neel’s relaxation the radius of particles increases. 

 Neel’s relaxation, describing the rotation of the magnetization vector of 

particles, usually dominates for small particles of less, than 4 nm radius, while 

Brown’s relaxation, due to rotation of the particles in a fluid, dominates for the 

particles of radius, exceeding 4 nm. 

 If the number of particles in a magnetic fluid is fixed (for example, being 

located at its surface), the only Neel’s relaxation is in action, while Brown’s 

relaxation is absent.  
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In figure 1 the flux of a magnetic fluid is presented in the fixed area (y = 0, y = d) 

The trended flux is pumped by H0 magnetic field acting in z direction and by x 

directed sinusoidal magnetic field of the sick signal with the complex amplitude  as 

well, as in y direction by the sinusoidal magnetic fluctuation density of the sick signal 

with the complex amplitude . In x and y directions the components of the magnetic 

field vary due to the sinusoidal law with ξ frequency.  velocity is directed along 

x-axis, while the spin velocity  along z-axis and both are y dependent. 

 As it is seen in figure, the velocity of the flux bleeding is directed only along 

x-axis while time-average spin velocity – only along z-direction. Both are space 

distinguished in y-dependence: 

                                                   

(5) 

                                                  

(6) 

 Taking into account the distribution of magnetic field strengths (densities) as 

they are given in figure,  and ,  are space homogeneous due to corresponding zero 

space derivatives. Due to Ampere’s law, given in the form of 

 

when the conductivity is zero  or the change in current density differs from 

it , the field strength should be zero and given by (7) surely. 

 

 

x z 

y 

Hz = H0 
Vx(y) → 

ωz(y) 
d 

0 

 

Figure 1. 
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 As it is seen in figure, both x and z components of the intensity of the 

magnetic field are homogeneous, when H0 is invariant in space. It is seen as well that 

the field derivatives due to x and z are taken as zero, while the pressure gradient 

 may differ from zero, being additionally independent on the linear flux (at its 

absence as well). As it follows from (7) 

 

From (8) yields thus 

 

as well, as 

 

and 

 

and  

 

From (12) follows 

 

Gauss’s law regulates densities of the fixed magnetic flux along iy : 

 

Then we get 

 

when 

 

Based on this survey we may conclude that by and hx should be constant in space 

and independent on y, while hy may be dependent on y, when y itself depends on my. 

The density of total instantaneous magnetic fluctuations , total instantaneous 

magnetic field  and total instantaneous magnetization  are given as follows 
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while the relation between ,  and  is given in the following way: 

 

 and  are functions varying in time due to the sinusoidal law, while . 

Here application of the total amplitude of rotation is acceptable. “ ” represents the 

complex amplitude, while Re – shows the real part of a complex quantity.  is the 

frequency in rad/s and . 

 Relation between M0 and  is given by [3] 

 

 showing the sequence of magnetic nano-particles for given magnetic field of 

 magnitude. Here is the sick signal of the magnetic field, which itself represents 

the absence of dependence of the sick signal along iz. Thus, z component of the 

magnetization is the dipole signal and is given by the equilibrium quantity of M0. For 

solution of the instantaneous magnetization fixed  and  fields take the shape of 

the source of the signal. 

 According to these circumstances for the expression (1) x and y (transversal) 

components will be given by the following formulae: 

 

and 

 

where  and  are functions of the spin velocity  and are given by the 

following expressions: 

 

and 
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 The complex amplitudes  and  of the transversal magnetization are still 

undetermined quantities.  

 

3. CONCLUSION 

 As it will be seen in further analysis, in the case of absence of fixed flux the 

spin velocity and  and  are space invariant. When the flux is fixed the spin 

velocity together with  and  vary with varying of the width of y. The second 

term in (1) contributes nothing, as to the velocity of the flux along x and at  

magnetization is zero. 

In magnetic fluids the magnetization increases in the rotating (spiral) form, as to at 

the rotation it itself is responsible for movement of the fluid with the spin velocity , 

differing from zero, which itself changes the magnetization. 

 Thus, just like the relaxation of magnetic fluids, the mechanical equations 

should be taken into account and solutions for ,  and  should be received. 
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Abstract 

The usage of short waves in the medical therapy started to become quite popular 

in the recent decades. The space-time configuration research of the electromagnetic 

field in the patient area within the UHF range is really important for the treatment 

used in physiotherapy methods. Based on the results of this study are defined the 

system’s mode which induce the electromagnetic field in the patient area, the number 

of the therapeutic procedures and duration of each of them. The radiators (antennas) 

in the physiotherapy are often in proximity to the patient’s body, i.e it is necessary to 

consider the impact of the body to the patient, the parameters of the antenna and to 

the research of the area in the near field. In this paper are presented and described in 

graphic form the conducted studies for electromagnetic field strength in the very near 

field in real clinical conditions.  

At high frequencies, polarizing molecules are in the patient’s body completely 

failed changing their spatial orientation and appear vibrations of the dipoles around 

neutral position. This process is related to the generation of heat. A characteristic 

feature of UHF waves impact on the body that the heat is produced within the body 

itself. In physiotherapy are used transmitters, which excited the electrical field for the 

induction of these frequencies. A pair of two "electrodes" usually acts as antenna 

system on these devices. The antenna system is ensuring the influence of the 

electromagnetic field of a small part of the human body. 

 

 

1. INTRODUCTION 

In the theory of antennas and the distribution of electromagnetic waves are defined 

three areas: the first area (far field) in which the angular distribution of the field is 

independent of the distance from the antenna and the emitted wave is spherical. The 

second zone is the very near radiating field (Fresnel zone) in which the angular 

distribution of the field depends on the distance from the antenna. In this area 

radiated wave, which is actually a plane wave, is gradually becoming a spherical 

wave. The third area is the near reactive field, which is located at a distance between 
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0 and λ/2π from the antenna where the reactive field dominates. It is the area of 

interest in medical systems for the physiotherapy. For an antenna with a maximum 

size, which is small compared to the wavelength, the energy in the very near field is 

mostly reactive. This stored energy is transmitted periodically from the antenna to the 

near field. The reactive near field extends from the antenna to a distance "R" from the 

antenna. The formula for calculation of this distance is:  

                                                                                                             (1) 

where λ is the wavelength. 

 

2. EXPERIMENTAL INVESTIGATION ON THE SPACE CONFIGURATION 

OF THE ELECTROMAGNETIC FIELD   

     For exploring the space-time configuration in the patient area in the 

measurements, a transmission frequency of the device is used, which is close to the 

used frequency, namely – 29.5 MHz with a wavelength 10.1 m approximately. In our 

case, the very near field extends at a distance R = 1.62 m from the antenna, 

considered in the formula (1). 

     The definition of the two components E


 and H


of the electromagnetic field at the 

revelant points of the patient area is necessary for making the desired measurements. 

When determining the shape of the area of the space / the plane, which the simulation 

is performed, the main consideration is the reporting of the mutual position of the 

electrodes (antennas) of the system and its emplacement to the treatment area of the 

patient's body. A common case in physical therapy is the used of an apparatus with a 

pair of emitters. It can be seen the measured antenna system with the exact location of 

the disc nozzle in Figura 1. [1] 
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Figure 1. The used antenna system with disc nozzles of each of the emitters during the study of space-

time configuration of the electromagnetic field 

 

     In order to facilitate and accelerate the sampling and the calculation 

(simplification of the algorithms based on the use of symmetry) is appropriate the 

space area to be approximated by a regular geometric figure. This would be allowed 

using the available symmetry for optimization the developed algorithms for sampling 

and calculation. The used geometric figure should also cover the maximum radiating 

surface. If we use the formal requirement of symmetry, the suitable plane figures are 

rectangle, square and circle. This matches with the usual forms of radiation surfaces. 

In the case of a circle can be selected algorithm which completes the circle of points 

situated in concentric circles starting from the center. In the case of a circle can be 

selected algorithm which completes the circle with points, situated in concentric 

circles, starting from the center. [2] 

     To facilitate the measurement and interpretation of the results was used a 

graphical representation of the antenna system (placement of the vibrators relative to 

one another) in the vertical plane (Figure 2). Formally the figure can be considered as 

a trapezoid, which is in accordance with the usual position of the electrodes 

(antennas) of Figure 1. The mid-segment of the trapezoid (Figure 2) is the axis 

between the centers of the antennas. It is important to know the location of the 

vibrators, as they can be located closer or further away, the distance should be 

between 2 and 10 centimeters. And depending from their size and location, can 

determine the distribution of the field and the change of the temperature on the 

patient. 
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Figure 2. A graphical representation of the antenna system (position of vibrators relative to one another 

in the vertical plane). 

 

3. RESULTS AND ILLUSTRATION OF THE INVESTIGATION OF THE 

ELECTROMAGNETIC FIELD      

     The measurements of the electrical intensity were made at different points in small 

base, large base and mid-segment on the trapezoid, and in the points of the radius of 

one emitter. 

     The measured values are in relative units, as for the electric strength and the 

magnetic induction. These values are related of course with the absolute values with 

an accuracy of one coefficient. The magnetic induction in the respective sections was 

calculated by the following expression: 

                                                                              (2) 

where  is the characteristic impedance [3] 

     In Table 1 are given in relative units the obtained values for the electric intensity 

and magnetic induction in the various items of the bases and the mid-segment of the 

trapezoid (Figure 2) and the radius of one of the emitters in parallel placement of the 

measured antenna of electrical in parallel placement of the antenna in the patient 

area. In Table 2 are given in relative units the obtained values for the electric intensity 

and magnetic induction in the various items of the bases and the mid-segment of the 

trapezoid (Figure 2) and the radius of one of the emitters when the measured antenna 

measurement is perpendicular of electrical line of force. 

 

Table 1. Relative values of the measured levels of electric intensity E and magnetic intensity H in parallel 

placement of the antenna in the patient area 
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Table 2. Relative values of the measured levels of electric intensity E and magnetic intensity H in 

perpendicular placement of the antenna in the patient area 

 
 

 

     In Figure 3 is illustrated a screen of the spectrum analyzer for measuring the 

relative level of the electrical intensity. The tick is for a broadcasting frequency, 

together with significant harmonic of the radiation to the right of the main tick. These 

harmonics appear, as the apparatus is operated in the mode of the amplitude 

manipulation. The amplitude manipulation is a method often used in the 

physiotherapy, in order to avoid the adaptation of the patient to the parameters of the 

influence electromagnetic field and thus to provide, if necessary, a longer course of 

treatment for more severe disease. The screen of the spectrum analyzer can be seen in 

figure 4, where is the oscillogram of the broadcasting amplitude manipulated signal.  

 

 
Figure 3. A screen of spectrum analyser at measurement of the relative level of electric intensity 

 

 

 
Figure 4. The oscillogram of the broadcasting amplitude manipulated signal 

 

     In graphical form are the results of the measurements are given in Table 1 and 

Table 2 below. The results, from the measurement of the electric intensity and the 
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calculated values of the magnetic induction on the three bases of the trapezoid small, 

large and mid-segment in parallel placement of the measured antenna and the 

electrical line of force in the near field, are present in Figure 5 and Figure 6.  Figure 7 

and Figure 8 shows the results, from the measurement of the electric intensity and the 

calculated values of the magnetic induction on the three bases of the trapezoid small, 

large and mid-segment in perpendicular placement of the measured antenna and the 

electrical line of force in the near field. Figure 9  and Figure 10 shows the results, 

from the measurement of the electric intensity and the calculated values of the 

magnetic induction on the three bases of the trapezoid small, large and mid-segment 

in parallel and perpendicular placement of the measured antenna and the electrical 

line of force in the near field. The functions shown in the figure from 5 to 10 were 

obtained as discrete values in the result of the measurements of the electrical intensity 

in a finite number of points. If the obtained discrete values of the functions are 

connect with the segment, could be regarded that the made a simple interpolation, so 

that they can take into account the relative values of the variables and between points 

of measurements. This is shown by points 1 and 2 on the charts. In mathematics 

certainly has quite analytical methods for interpolation, which may be used in the 

requirement for greater accuracy in the interpolation.  

 

 
Figure 5. Relative values of the electrical intensity of the three axes: small, mid and large segment in 

parallel placement of the measured antenna 
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Figure 6. Relative values of the magnetic induction of the three axes: small, mid and large segment in 

parallel placement of the measured antenna 

 

 
Figure 7. Relative values of the electrical intensity of the three axes: small, mid and large segment in 

perpendicular placement of the measured antenna 

 

 
Figure 8. Relative values of the magnetic induction of the three axes: small, mid and large segment in 

perpendicular placement of the measured antenna 

 

 
Figure 9. Relative values of the electrical intensity at the radius in parallel and perpendicular to the 

measured antenna 
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Figure 10. Relative values of the magnetic induction at the radius in parallel and perpendicular to the 

measured antenna 

 

     Experimental measurements of the strength of the electric field in the very near 

field in actual clinical conditions were made in the conventional mode, used in the 

course of therapy, namely, continuous transmission mode and a mode of amplitude 

manipulation of the electromagnetic field.  

 

3. CONCLUSION 

     In conclusion we can say that the study of the characteristics of electromagnetic 

field in the nearby area along with the study and optimization of the space-time 

configuration of the electromagnetic field are very important and crucial for 

achieving the desired therapeutic effect. These waves have similar physiological 

action with the other high frequencies currents, but they penetrate to greater depths. 

Ultra-high frequency waves have a good therapeutic effect in: transient disorders of 

cerebral circulation, stroke, vascular incidents in the central nervous system, chronic 

arterial insufficiency of lower extremities. Improves microcirculation, rheological 

properties of blood, detection of shunting, increased cell permeability.  
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Abstract 

Long Term Evolution (LTE) network parameters are analysed in this paper. 3GPP 

LTE Release 8 specifies peak downlink throughput up to 100 Mbps using SISO 

antennas and up to 300 Mbps using 4x4 MIMO antennas. According Channel Quality 

Indicator (CQI) and Received Signal Strength Indicator (RSSI) indexes the Physical 

Downlink Shared Channel (PDSCH) download throughput of LTE network there is 

analysed in dependency of distance from base stations. Throughput values are 

compared with the results of High Speed Packet Access (HSPA+) network 

measurements as this is earlier technology for data transfer. HSPA+ and LTE 

networks measurements were made in implemented real network in real time. As LTE 

network on measuring time was not used by other users yet, the results of analysis can 

be considered as received in real and close to ideal conditions. HSPA+ network was 

used by users, but values are close to ideal as the network was newly implemented. 

  
 

1. INTRODUCTION 

LTE is the new access part of the Evolved Packet System which is only IP based. 

High spectral efficiency, high peak data rates, short round trip time and frequency 

flexibility are the main requirements for the new access network. 

The LTE access network is a network formatted of base stations, evolved NodeB 

(eNB). There is no centralized intelligent controller, and the eNBs are normally inter-

connected by the X2-interface and towards the core network by the S1-interface (Fig. 

1). The reason for distributing the intelligence amongst the base-stations in LTE is to 

speed up the connection set-up and reduce the time required for a handover. For an 

end-user the connection set-up time for a real time data session is in many cases 

crucial, especially in on-line gaming. The time for a handover is essential for real-

time services where end-users tend to end calls if the handover takes too long [1]. 

The CQI indexes and SNR values in signal receiving places are the main 

parameters that indicate LTE efficiency and quality. These indexes and values are 

affected by various factors. CQI and SNR are directly influenced by algorithms used 
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between user equipment (UE) and eNBs for data transmitting. As information in 

International Journal of Information and Electronics Engineering  shows, SNR and 

CQI can be mapped and affect each other [2] and CQI index influences throughput of 

LTE networks [3]. 

Our subject of interest is the mapping distance from base station impact to the 

network data throughput, as no information about such measurements can be found in 

installed or tested LTE networks. Comparison of throughput values in HSPA+ and 

LTE network will also show the difference of technologies and projected user 

experience. Measurement results can be used in the future for planning the 

implementation of LTE network eNB’s in cities with medium density.  
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Figure 1.  Deployment of LTE network base stations 

 

2. MEASUREMENT CONDITIONS 

HSPA+ and LTE network parameters were measured in medium density city 

center. Deployment of LTE network base stations is presented on Fig. 1. Base stations 

in this city are installed in 30–40 m height and buildings are with average height of 

20–30 meters. LTE network is implemented by one of mobile operator. Network 

operates on 1800 MHz frequency on FDD mode and uses 2x2 MIMO with 20 MHz 
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bandwidth channel. Measurements were made using TEMS Investigation software 

and Huawei UE. Weather conditions were without precipitations.  

HSPA+ network is implemented throughout all medium density city (the same as 

LTE network) with the coverage of the whole area. HSPA+ operates on 1800 MHz 

frequency on FDD mode and uses 1x2 SIMO with 5 MHz bandwidth channel. 

Measurements were made using TEMS Investigation software and Huawei UE. 

Weather conditions were without precipitations. 

The points for LTE network measurements were taken using standard user model. 

As ordinary users do not choose places with better parameters, measurements were 

done using different conditions: distance from base stations (BS), line of sight or not, 

orientation to BS antenna. HSPA+ network was measured using the same model, 

about 100-150 m distance from base station. 

LTE measurement points are divided to categories: Line of Sight (LOS) and Non 

Line of Sight (NLOS). This was done, as some point have clear visibility to eNB, and 

some do not. As the parameters of LTE network depend from this factor, more exact 

analysis is done using LOS and NLOS models. Measurements made for BS1, BS3 

and some BS4 were in LOS conditions, and BS2 and some BS4 points satisfy NLOS 

conditions (see Fig.1). 

 

3. MEASURED PARAMETERS 

Measured and analyzed parameters of LTE network were: PDSCH throughput, 

CQI index, RSSI index, Reference Signal Received Power (RSRP) and Reference 

Signal Received Quality (RSRQ). 

The PDSCH is the main data bearing channel which is allocated to users on a 

dynamic and opportunistic basis. 

PDSCH is used to transfer application data. The throughput achieved by the 

PDSCH depends upon the [4]: 

 number of resource elements allocated to the PDSCH; 

 modulation scheme applied to each resource element; 

 quantity of redundancy included by physical layer processing; 

 use of multiple antenna transmission schemes.[4] 

The measurements and feedback that relate to the transmission settings are known 

as CQI. Depending on that value (CQI index), the eNB takes the decision to assign a 
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particular MCS (modulation and coding scheme) for a particular UE. The higher CQI 

index (ranging from 0 up to 15) the higher the modulation and coding scheme and the 

higher the throughput. However it is up to the implemented receiver algorithms in the 

UE, at which signal to noise plus interference (SNIR) the good throughput can be 

achieved (the algorithms are vendor dependent so the “good SNIR” may vary for 

various UEs). CQI index values presented in 3GPP LTE specification are shown in 

Table 1. 

In HSPA+ network there were measured throughput and CQI index parameters.  

Channel quality indicator shows what the value of signal quality is and by this value 

UE decides what modulation and transport block size to use. As shown in Table 2, 

CQI values range is between 0 and 30. 

 
TABLE 1. CQI VALUES IN LTE NETWORK [5] 

CQI 

index 

Modulation Code Rate  

x 1024 

Efficiency 

0 No 

transmission 

out of range 

1 QPSK 78 0.1523 

2 QPSK 120 0.2344 

3 QPSK 193 0.3770 

4 QPSK 308 0.6016 

5 QPSK 449 0.8770 

6 QPSK 602 1.1758 

7 16QAM 378 1.4766 

8 16QAM 490 1.9141 

9 16QAM 616 2.4063 

10 64QAM 466 2.7305 

11 64QAM 567 3.3223 

12 64QAM 666 3.9023 

13 64QAM 772 4.5234 

14 64QAM 873 5.1152 

15 64QAM 948 5.5547 
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TABLE 2. CQI VALUES IN HSPA+ NETWORK [6] 

CQI value Modulation CQI value Modulation 

0 Out of range 16 16QAM 

1 QPSK 17 16QAM 

2 QPSK 18 16QAM 

3 QPSK 19 16QAM 

4 QPSK 20 16QAM 

5 QPSK 21 16QAM 

6 QPSK 22 16QAM 

7 QPSK 23 16QAM 

8 QPSK 24 16QAM 

9 QPSK 25 16QAM 

10 QPSK 26 64QAM 

11 QPSK 27 64QAM 

12 QPSK 28 64QAM 

13 QPSK 29 64QAM 

14 QPSK 30 64QAM 

15 QPSK 

 

4. ANALYSIS OF PDSCH THROUGHPUT DEPENDENCY FROM DISTANCE  

The downlink throughput measurements were made for 4 base stations in LTE 

network. Every point of measurement was picked taking different distances from base 

station to UE every time. As mentioned above, measurements were in LOS and 

NLOS conditions. Average and peak values are shown in the graphics. 

Fig. 2 shows average and peak throughput dependency from eNB to UE distance in 

LOS conditions. As it can be seen, even if the throughput maximum values vary in 

wide range for BS1 (up to 184 Mbps) and BS3 (up to 120 Mbps), the measured 

average throughputs are similar (respectively 52.2 Mbps on point 1 (see Fig.1) and 

52.6 Mbps on point 5). For BS4, distance from eNB to UE is higher (point 8), so 

measured peak throughput is lower (24.6 Mbps). Measured peak throughput (33.8 

Mbps) on point 6 could be higher, but measurement was done on the edge of cell 

coverage, so it was influenced by adjacent cells interferences. Measurement results 

indicate an average throughput decreasing tendency when distance from eNB to UE is 

increased. 
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Figure 2.  Downlink throughput dependency on distance from eNB to UE in LOS conditions 

 

Fig. 3 shows average and peak downlink throughput dependency from distance in 

NLOS conditions. The throughput maximum values vary in wide range for BS2 (up to 

47 Mbps on point 4, up to 44 Mbps on point 3 and up to 38 Mbps on point 2) and for 

BS4 (up to 43 Mbps on point 7), and the measured average throughputs are similar in 

these points (respectively 22 Mbps on point 4, 21 Mbps on point 3, 23 Mbps on point 

2 and 26 Mbps on point 7). We suppose there was no throughput decreasing tendency 

because there were less and lower buildings near BS4.  

 

 
Figure 3.  Downlink throughput dependency on distance from eNB to UE in NLOS conditions 

 

5. ANALYSIS AND COMPARISON OF THROUGHPUT VARIATION DURING FILE 

TRANSMISSION PROCESS  

In Fig. 4, Fig. 5 and Fig.6 are presented results of the throughput variation during 

file transmission processes in LTE network, respectively on point 1 (LOS) and point 2 

(NLOS) and HSPA+ network. 
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Figure 4.  Downlink throughput during transmission process in LOS 

 

 

Figure 5. Downlink throughput during transmission process in NLOS 

As can be seen from Fig.4, the downlink throughput values initially vary by more 

than 9 times. In the middle of the process the throughput variation is practically 

constant, and decreases by the end of file transfer.  

As can be seen from Fig. 5, the downlink throughputs changes throughout the 

transmission process varying by more than 6 times, and file transmission process 

elongate. 

  

 
Figure 6. Downlink throughput during transmission process in HSPA+ network 

As can be seen from Fig.6, throughput is not varying so much as in LTE network 

(LOS and NLOS conditions) and the value changes up to 20 %. The values differ 



“MEASUREMENT AND COMPARISON OF LTE …“           D. RUKAVIČIUS, V. GRIMAILA, S. KAŠĖTA 

 

22 

 

from LTE network up to 20 times in LOS conditions and up to 4 times in NLOS 

conditions.  

 

6. ANALYSIS OF PEAK THROUGHPUT DEPENDENCY FROM CQI  

As was mentioned before, CQI indicator shows what modulation and what 

effectiveness are in the network. Therefore, the higher CQI, the higher peak 

throughputs can be measured.  

In Fig. 7 are presented results of peak throughputs on eNB’s and corresponding CQI 

indicator values given by the network in LOS conditions. On point 1 (BS1) peak 

throughput was 184 Mbps, which was measured when CQI value was 14. At this 

indicator value 64QAM modulation is used, and high throughputs can be achieved. 

On point 5 (BS3) CQI indicator value was 11, and throughput was 120 Mbps. So 

there can be done conclusion, that when CQI indicator values are between 11 and 15, 

i.e. 64QAM modulations are used, the throughputs higher than 100 Mbps can be 

achieved.  

On far off point 8 (BS4) CQI indicator value was 8, 16QAM modulation was used, 

and peak throughput was only 24 Mbps. On point 6 (BS4) CQI indicator value was 

14, but achieved throughput was only 38 Mbps.  

 

 

Figure 7.  Downlink peak throughput dependency from CQI in LOS 

 

As we can see from Fig. 8, in NLOS conditions, the throughput values are by 

comparison low (between 38 Mbps and 47 Mbps on points 2, 3, 4 and 7) 

independently what CQI indicator values are (between 8 and 15), i.e. independently 

what modulation 16QAM or 64QAM is used. Also we can see, that on point 4 (BS2) 

CQI indicator value is only 8, but downlink throughput, that was achieved, is 

maximum in this group.  
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Figure 8.  Downlink peak throughput dependency from CQI in NLOS 

 

Therefore, no matter in LOS or in NLOS conditions, CQI indicator is not enough 

for specify the quality of network and more deep investigations are required for this 

problem. 

As mentioned above, in HSPA+ network CQI values are from 0 to 30, which are 

differing from LTE network. In Fig. 9 it can be seen, that there is a direct correlation 

between CQI index level and measured throughput. But there can be seen that 

difference in throughputs are almost the same, when CQI value is 25 and 26, when 

used modulation is 16QAM (when CQI index is 25) and 64QAM (when CQI index is 

26). Even if all the points, where measurements were made, are in similar conditions, 

throughput values differ and can be low as 3 Mbps by CQI value of 27. That means 

that not only CQI values influence throughputs. 

 
 

Figure 9.  Downlink peak throughput dependency from CQI 

 

7. ANALYSIS OF CQI DEPENDENCY FROM DISTANCE  

During implemented LTE network measurements was observed CQI indicator 

values dependency on the distance from eNBs to UE.  

As it can be seen from Fig. 10, average CQI indicator value vary from 11 to 15, 

when distance from eNB to UE in LOS conditions vary in range from 95 to 1600 
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meters. These results show that UE being close to BS, network quality parameters 

cannot be achieved very high. Furthermore, with increasing distance from eNB up to 

1600 m, average CQI indicator value decreases only to 13.  

The highest CQI indicator value 15 was obtained on point 1 (BS1), when distance 

from base station was 280 meters. 

 

 

Figure 10.  CQI level dependency on distance from eNB to UE in LOS 

 

As it can be seen from Fig. 11, in NLOS conditions, we can find in near distances 

similar but lower as in LOS conditions CQI indicator values. There we can make 

assumptions: 1) no matter in LOS or in NLOS conditions, in very close distances to 

BS low CQI values can be influenced due to antenna declination angles; 2) highest 

CQI value on far point 7 (990 m from eNB) can occur as a result of multipath effect.  

 

 
 

Figure 11.  CQI level dependency on distance from eNB to UE in NLOS 

 

8. CONCLUSIONS  

1. No matter in LOS or in NLOS conditions, the distance from eNB to UE directly 

influences PDSCH throughput and other LTE network parameters such as CQI, RSSI 

and RSRP values. 

2. In close distance (up to 280 m) from eNB to UE (in chosen cells of city) highest 

peak downlink throughput values (up to 184 Mbps) were measured in LOS 
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conditions. In NLOS conditions highest peak downlink throughputs was only up to 47 

Mbps.  

3. In HSPA+ network where measurements are made in close distance (100-150 m) 

from eNB to UE, peak throughputs are up to 9.28 Mbps and these values are up to 20 

times less than in LTE network (LOS conditions). 

4. During typical file transmission process in LOS conditions the downlink 

throughput values variation is more than 9 times. In NLOS conditions the downlink 

throughput variation decreases (more than 6 times) and equalizes but   transmission 

process elongate up to 50 %. 

5. In HSPA+ network, file transmission process is stable, and throughput values 

changes up to 22 % in the first 15 s of the process, and then it differs up to 5 %. 

6. No matter in LOS or in NLOS conditions, varying distance from eNB to UE from 

60 m to 1600 m CQI values stay up on high level, although CQI indicator is not 

enough for specify the quality of LTE network.  
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Abstract  

 It is known, that conventional Pennes bio-heat equation does not consider blood 

perfusion. The motivation of this paper is to conduct a comparative analysis of the 

temperature and temperature rise during EM exposure, obtained using conventional 

pennes bio-heat equation and a modified model considering blood perfusion. The 

non-homogeneous discreet models of a child and a woman were used for simulation. 

 

 

1. INTRODUCTION 

The bio-heat equation [1] has been used for many years to simulate heat exchange 

in human tissues. This equation does not account heat transfer effects by the blood. 

Several independent methodologies to overcome this limitation have been developed 

[2-4]. The authors of this article proposed their own approach to the problem [4]. The 

modified bio-heat equation presented in [4] has been used to calculate temperature 

and temperature rise. For the numerical calculations a child and a woman voxel 

models from virtual family [5] were used. The simulation has been conducted at 

300MHz, 1900MHz and 3700MHz frequencies using a dipole antenna located at 

10mm distance from the head model. These frequencies have been selected due their 

use in everyday life, 300MHz for radio communications, 1900MHz for GSM 

networks and 3700MHz for other wireless communications and future basebands. The 

result of previous studies [6] has shown us the dipole antenna gives us a good 

qualitative approximation of a mobile handset. 

 

2. MODELS AND METHODS 

The simulations were conducted using the FDTD method. Temperature increase in 

tissue was simulated due to RF exposure from dipole antenna placed at 10mm 

distance from the head model. The EM and thermal solver FDTDLab, developed at 
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TSU [6, 7] was used. As it is shown in [4] the thermal solver is tested against an 

analytical solution for a simplified case. A sinusoidal wave signal has been used at 

corresponding frequency. At lower frequencies 20 dB convergence criterion was used, 

while at high frequencies it was 40 dB. Thus, the resultant peak temperature rises 

corresponded to the infinite time exposure. These factors altogether gave us an 

idealized model which allowed us to study the worse (with highest expected 

temperature rise) possible exposure scenario that can never actually take place in the 

real life. The frequency dependent tissue parameters for the EM simulation have been 

acquired from [8] and thermal tissue parameters from the virtual model have been 

used[5]. While it is known that there are two kinds of effects caused by the RF field: 

biological and thermal, only the thermal effects have been considered in this paper. 

 

 

a)                                                                    b) 

Figure 1.a) arterial and venous vascular network in a human brain model, b) capillary blood flow in a 

uniform model.  
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Figure 2. The voxel model with the artery and vein vessels added.  

In order to use the modified bio heat equation described in [4] we have to prepare 

the model for simulations. It involves building the arterial and venous vascular 

networks (Fig.1) and calculating the capillary flow blood filed. The procedure can 

handle only selected tissues or the whole model. For the calculation presented in this 

article the model was supposed to be uniform. That means that only the enclosing 

geometry (like liver or lungs) was used to build the vascular network. The ear of the 

models has been smoothed in order to obtain more reliable EM simulation results. 

As an example the vascular (in volume) and capillary networks (in one cross 

section) constructed for lungs are presented on Fig.3. 

 

Figure 3. Vascular network and blood flow velocity vectors calculated for human lung model. 

 

3. RESULTS OF CALCULATIONS. 

The numeric results of calculations of the conventional pennes model and the 

modified model, correspondingly, are presented in Fig.4, Fig.5. It can be seen that the 

results for the conventional pennes model and the modified model [4] are in good 

agreement. 
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Figure 4. 1g SAR, 10g SAR and temperature rise for the Thelonius head models and temperature rise 

for the Thelonius brain at 300MHz, 1900MHz and 3700MHz. 

 

 

 

Figure 5. 1g SAR, 10g SAR and temperature rise for the Ella head models and temperature rise for the 

Ella brain at 300MHz, 1900MHz and 3700MHz. 
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The woman model is name “Ella”, the child model is named “Thelonius” Fig.4, 

Fig.5. As we see (Fig.5c) the peak temperature rise values for the modified bio-heat 

equation in some cases are lower. This fact is easily explained by the smoothing of a 

local temperature rise. In some cases, e.g. Thelonius model at 300 MHz and1900 

MHz (Fig.4c) the temperature rise for modified model is higher. It shows us that the 

resultant temperature rise depends on its special position and on the position of blood 

sources and sinks. If the temperature rise is localized near a sink the blood 

temperature there will higher, thus the blood will take less heat from that region. It 

can be also seen (Fig.4d, Fig.5d) that the peak temperature rise values in the brain are 

mostly higher for the modified model. At the same time for both models the peak 

temperature rise values in brain are smaller compared to those at the surface. These 

facts are explained by absorption of the EM field by outer layers and by the higher 

average Tb temperature for the modified model, responsible for cooling of the tissues. 

It should be noted that the difference between the two models might be within the 

margin of error. The 1g and 10g SAR values are also close for the altered and original 

models. Visually the calculated distributions of the SAR values are identical Fig.6. 

 

 

Figure 6. 1g SAR for Ella head at 300 MHz, a) pennes model, b) modified model 

The calculated at 300 MHz temperature rise distributions are presented in Fig.7 (a, 

b) for the Pennes and the modified model respectively. It can be seen that the 

temperature rise distribution for the modified bio-heat equation is smoothed, and the 

resultant peak temperature rise is lower because of the heat diffusion. The steady state 
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temperature distribution is presented on Fig.8. The resultant peak temperature for the 

modified model is higher by about 1
0
C, the temperature in all inner layers is also 

higher, and this corresponds to analogical results in [9]. This fact is easily explained 

by the higher average Tb blood temperature within the examined volume. The less is 

the difference between the blood temperature and the cell temperature for the given 

volume the less will the heat exchange between those to be. According to the obtained 

result the peak values of SAR and temperature rise are higher for the Ella (woman) 

model than for the Thelonius (child model). For both models the peak values of SAR 

and temperature rise are lower for low frequencies and higher for higher frequencies. 

This is explained by the penetration depth, which is higher at lower frequencies and 

the energy is distributed in a larger volume, while at high frequencies it’s mostly 

absorbed in the thin boundary layer. 

 

 

Figure 7. Temperature Rise for Thelonius head at 300 MHz, a) Pennes Model, b) Modified Model 

 

 

Figure 8. Temperature for Thelonius head at 300 MHz, a) Pennes Model, b) Modified Model 
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4. CONCLUSION 

Several exposure scenarios for the modified bio-heat equation have been studied. It 

has been shown that the SAR and the temperature rise values for the modified model 

are very close to the convention Pennes equation. In most cases, when the smoothing 

effect played significant role the resultant temperature rise appeared to be slightly 

smaller. The SAR values for the modified and the original models are also in good 

agreement. The peak temperature, SAR and temperature rise values are lower for low 

frequencies and higher for high frequencies, though the peak values in the brain 

tissues are significantly lower compared to those at the surface for all cases. The 

further development of the methodology for simulation of full body exposure is 

planned. 
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