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The impact of the body loss on coverage/capacity tradeoff of UMTS systems has been assessed for down link speech traffic. The focus has been on system level simulations of a three-sector site homogeneous network of hexagonal cells. The results show a clear degradation of the coverage and/or capacity of the network with the increase of the average body loss (SFMG) of the terminal antennas. It is shown that at the early stage of the WCDMA system deployment, when the coverage is the paramount goal, a 3 dB increase of the average body loss (SFMG) of the user equipment leads to a 50 % increase in the number of sites to cover the same service area for speech traffic. 

1 Introduction  

The deployment of UMTS networks is a main issue for operators in Europe or in all other countries that are providing or are going to provide advanced communications services and applications. Among the main issues to be solved, the network dimensioning and cell planning for a mix of services is crucial in order for them to be available by the introduction of this 3G cellular technology. One major concern is actually the quality of service (QoS) that will be provided by the network operator, which is tightly related to the attainable coverage and capacity in their networks.

The user equipment is a vital component of the wireless network, even more in WCDMA systems, due to the inherent near-far problem. On the downlink there is no near-far problem due to the one-to-many scenario, nevertheless mobiles situated at the cell edge suffer from inter-cell interference in a much higher grade than the other ones. [1]

The efficiency of terminal antennas in terms of body loss is often included in link budgets and system level network simulations in order to estimate capacity and coverage. However, realistic values are seldom used. Most research results found in the technical literature in the field of wireless communications textbooks never address the body loss in a proper way. Indeed, the most commonly used value for the body loss for speech traffic in talk position is only 3 dB, for data terminals it is assumed to be 0 dB with an antenna gain of 2 dBi. In reality this value is several dBs higher and can be as high as 15 dB for GSM terminals in talk position as it has been measured relative a dipole antenna [2].  This would pose a major problem in WCDMA network deployment and optimization. As will be seen later, the worse the performance of the terminal antennas, the more base station equipment the network operator must acquire in order to achieve the required coverage and/or capacity.    

Therefore, the focus here has been on the impact of terminal antenna performance in terms of body loss which we define as the inverse of the Scattered-Field-Measurement Gain (SFMG), [3] on down link coverage/capacity trade off in WCDMA networks. 

Here we are concerned with system level performance simulations of a three-sector site homogeneous network of hexagonal cells based on the single-cell approach. This is of course a simplification of the more rigorous problem but still provides a good assessment of relevant mechanisms. 

2 Body loss  

The body loss is usually defined as the loss due to RF energy absorption and/or antenna mismatching due to the fact that the mobile terminals are operated close to the user’s head or body in general. The reference is usually the performance of the same terminal in free space. However, according to the Telia “Scattered Field Measurement” (SFM) method [2, 3 & 4], the measured body loss also takes into account the performance of the amplifier as well as the operation of the antenna (mounted on the actual terminal) in Rayleigh fading channels, which is a much more appropriate measure of the antenna efficiency than the one usually used in link and system level simulations. 

The body loss measurement in a scattered field environment may be expressed in mathematical terms as follows [3]:
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where G( and G( are the vertical respectively the horizontal polarization antenna gains of the UE and d( is the elementary solid angle,  ( is the polarization ratio, which is defined as the ratio of the total power available in the vertical polarization to the total power available on the horizontal polarization, both measured with isotropic antennas,
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 The other functions are P( and P(, which denote the angular power distribution for the vertical and horizontal polarizations respectively. 

Hence, the body loss is just the ratio of the MEG [5] of a reference antenna and the UE antenna of interest. In practice, the body loss is easily obtained measuring two quantities; one is proportional to the numerator and the second one is proportional to the denominator. That is, the total received (or by reciprocity radiated) power by the UE is measured in talk position with a head phantom in laboratory conditions, where a scattered field is due to the objects present in the laboratory or it can be emulated by placing fictitious scatters in a measurement chamber as shown in [4]. The measurements obtained with the reference antenna are performed at the same geometrical position, though, without the head phantom.

3 Body loss distribution

Cross-polarization dependence 

As can be seen from equation (2) the body loss (SFMG), and terminal antenna performance in general, does depend on several parameters, no one of them fixed by nature. Indeed, the way RF electromagnetic waves behave in typical mobile communications scenarios have shown that the cross-polarization ratio changes from place to place depending on the antennas, sight conditions between the base station antenna and the mobile terminal antenna, electrical properties of the building structures, soil and weather. All this parameters will also determine the distribution of waves incoming at the mobile position. Finally, the user is seldom at the same position so the antenna orientation also will change depending on that. Experimental results supporting all these ideas may be found in the technical literature on this matter [6]. 

The body loss (SFMG) is an average over time (or position) of the signal received by the mobile [5]. In this manner, the short term fading is removed and the body loss (SFMG) is obtained at the same spatial scale as the shadow or lognormal fading and will sum up to it increasing its variance and the average path loss. It is worthwhile to observe that the majority of measurements available in literature are performed with dipole antennas or other practical antennas mounted on a car or on a stick but never close to a human head or phantom. Hence, most measurements reported do not take into consideration the later effects, which should be studied in order to have a proper model for the path loss distribution. 

Distribution of SFM body loss (SFMG) for different mobile terminal samples

As stated in the section above the body loss is defined by both the cross-polarization ratio and the average antenna gain in both polarizations. Therefore a model may be derived from previous body loss measurements presented in [2]. The Fig.1 below shows measurement results for 70 mobile terminals of the GSM standard. It is worthwhile to notice that in UMTS due to the broadband nature of WCDMA signals the frequency dependence of the both the antenna and the radio channel must be considered in both reference antenna measurements.
The performance of UE differs from one type to another as well as for individuals from the same type. The standard deviation is of approximately 2.5 dB and a span of variation of 13.5 dB. As mentioned above these values were obtained by means of the SFM method [2], which considers only one antenna orientation and only one angular power distribution of incoming waves, which would correspond to an average scenario. Therefore, the results presented in Fig.1 are more or less conditioned on the cross-polarization ratio, that is, the cross-polarization ratio was fixed (almost) for all measurements. Further, the measurement is designed in such a way that, the impact of the cross-polarization on the measured body loss (SFMG) is minimized by tilting the antennas 60( degrees from the vertical. 
[image: image3.wmf]
Figure 1. Body loss (inverse of SFMG) distribution measured with the Telia Scattered Field Measurement (SFM) method, [2, 3 & 4]. The median is 6.3 dB for the 1800 MHz and 9.4 dB for the 900 MHz, the corresponding standard deviation is 2.8 dB and 2.3 dB respectively.

4 Single-cell homogeneous WCDMA network model

Down Link Power Control Equations

Considering the QoS constraints for each user we can write the power control equations in the downlink as follows,

(3) 
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where 
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is the required Eb/N0 of user k with data rate 
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served by base station j,  
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 is the power transmitted to user k from base station j, 
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 is the path loss between user k and base station j not including the base station antenna gain and the fast fading variation of the signal, which is denoted by 
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s,  W is the system bandwidth, N0 is the background additive white Gaussian noise, 
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 is the inter-cell interference and
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is the intra-cell interference.
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(5) 
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where Pc is the power in the control channels. Kj users served by cell j. 
The Pi is the total output power of the base station in cell i, which is the sum of power user links and the control channels,

(6) 
[image: image14.wmf]max

BS

c

i

user

i

i

P

P

P

P

£

+

=

, 


where the user power is just the sum of the power transmitted to all the active users in the cell,

(7) 
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Substituting equations (4, 5&7) in equation (3), the following systems of equations governing the power 
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 transmitted to each mobile station at the considered cells in the network is obtained introducing the equivalent bandwidth 
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systems of inequations are usually solved by linear programming and optimization methods, which is out the scope of this study. However, the solution to the power control equations for an entire network may be easily found if the proper simplifications are done. The approach we are going to present here follows in [8] which are based on several constraints.  

Let the total controlled power of each base station be exactly the same in each of the N´+1 cells of the WCDMA network, that is the power assigned to each user in the center cell and the fast fading path gain associated with it will be the same as the corresponding power in all the other cells in the network. Despite the fact that the number of cells is “infinite”, N´ cells interfering to the center cell are considered here. In practice interference from N’ cells would be taken into consideration. Where N’ depends on the base station antenna gain pattern. Further, in order to reduce the complexity of the simulations, it is assumed that the number of users Ki =K is the same in each cell of the network at the same time. That is, the number of users in the neighboring cells is the same as the number of user in the serving cell. This means that the number of equations is automatically reduced by K(N’+1). 

Observe that j is the index denoting the cell number in the network j([1, N’]. Under the above exposed constraints, the systems of equations (8) will reduce to,

(9) 
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Observe that each user k at the center cell has a counterpart in each of the N’ surrounding cells. The output power to that user will be in average the same. The path loss between the user k and the serving cell will be in average the same for each of the counterparts. It is important to notice that the equivalence is achieved in the statistical sense and does not necessarily imply that the solutions to all the equations will be exactly the same for each user, the only strong assumption is that of the exactly the same output power of each cell of the entire network.  

Now we have all the equations we need in order to evaluate the coverage/capacity trade off of an entire network, obviously under assumptions presented above. Remains only to define the outage in the cell, which will be experienced if one of the following events occurs,  

A. The Eb/N0 requirements can not be met

B. If the event above does not happen but instead the maximum BS power is exceeded.

C. Finally, if neither A nor B occur but the power per traffic channel is exceeded for some users in the cell (the event C is not included in actual simulations).

5 Down link Capacity/Coverage Results and Analysis

The simulation parameters assumed in the actual study are listed in Table.1 below. Only speech service has been considered in order to illustrate the impact of the body loss (SFMG) on the capacity/coverage trade-off in WCDMA systems. It is easy to see that qualitatively similar effects are to be expected as well for the circuit switched as the packet switched services.

As mentioned above the simulations have been devised with the snapshot approach. The link quality variation includes both the long-term lognormal shadow fading and the short-term Rayleigh fading. Soft handover is not considered, which is of course not completely realistic, although it is still good enough in order to assess the relative performance due to different body loss values. 
The MS’s positions in the cell were uniformly distributed on the hexagon. Further, the cell selection is based on lowest coupling loss between MS and the BS in the center cell. The position of the MS is then rotated and translated in order to cover the whole simulation scenarios with two rings of interfering cells as illustrated in Fig. 2. The traffic model was generated according to the Poisson distribution model. The Okumura-Hata model was used to generate the path loss between MS and BS and no correlation was considered between path losses to different BS or vice versa. Outage was assumed to take place if the Eb/N0 requirements cannot be met or if this event does not happen but instead the maximum BS power is exceeded. The area outage probability was set to 10 %. 

[image: image21.wmf]
Figure 2. Network layout

Simulation results are presented for the UMTS down link capacity and coverage trade-off, which is shown in Fig. 3. As is clear the effects of the body loss (SFMG) are more significant at lower loads, which mean that just in the initial state when the roll-out of UMTS services is initiated it will as most important to have terminal antennas with satisfactory antenna efficiency. According to our simplified model, each 3 dB increase of body loss (SFMG) will give rise in average to 40 % extra sites to cover the same area. Further, a 6 dB increase of the average loss give a 100 % extra sites.   

	Parameter
	Value

	BS max output power
	43 dBm

	BS Antenna Gain
	18 dBi

	Cable and connector loss
	3 dB

	Shadow fading standard deviation
	7 dB

	Noise at 290 K 
	-174 dBm/Hz 

	Rx noise figure 
	5 dB

	System Bandwidth
	3.84 MHz

	Path loss constant (propagation model) 
	38 

	Path loss exponent (propagation model) 
	30 dB

	Body loss (SFMG)
	0, 3, 6, 9, 12, 15 dB

	Total number of snapshot simulations 
	10000

	Information bit rate 
	12.2 kbits/s

	Activity factor 
	0.5

	Outage probability 
	10%

	DL Required SIR 
	6.1 dB


Parameters used in the coverage-capacity simulations

[image: image22.wmf]
Figure 3. Maximum cell size as function of the number of users for different values of average body loss (SFMG)

6 Conclusions

WCDMA down link system level simulations for speech traffic have been performed with focus on terminal antenna efficiency (body loss (SFMG)) impact on the coverage/capacity in outdoor urban areas. Using a simplified single-cell approach, it has been shown that in the initial roll-out phase, a 3dB antenna performance degradation could lead to approximately 40 % extra base stations. In turn 6 dB would lead to 100% extra base stations to cover the same service area. Indeed, this indicates that proper terminal antenna efficiency is important for coverage and system capacity.
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