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Summary

The purpose of this contribution is to introduce the parameters that should be used for setting requirements on the UE antenna efficiency, and show examples of their values in different bands. Furthermore, the impact of these parameters on the link budget is shown, following up the earlier contribution [1]. COST 273 has produced a solid method [2] for performance testing the UE including the antenna in Speech Mode.  The test procedure proposed in [2] for quantifying the UE antenna performance applies to both uplink and downlink communications. In the uplink communication the focus has been on Total Radiated Power, TRP [2], which is related to UE maximum output power as defined in [3]. On the other hand, in the downlink, the Total Radiated Sensitivity, TRS [2] has been considered which is associated with the UE reference sensitivity level. 
Table 1 shows examples of possible minimum requirements on handset radiation efficiency measured with a phantom head. It should be noted that the values provided in Table 1 do not take into account the additional losses due to the user’s hand nor the polarization losses. These factors will be addressed in future proposals. 

Table 1. Minimum efficiency requirements measured in the presence of the phantom head only
	
	GSM900
	DCS1800
	UMTS2100
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	-9 dB
	-6 dB
	-6 dB
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1 TRP, TRS, efficiency and body loss  

In this section the parameters for characterising the antenna efficiency are discussed. 
The antenna efficiency, 
[image: image2.wmf]h

 refers to the product of the radiation efficiency that includes power dissipated as heat, times the mismatch efficiency that includes losses arising from impedance mismatches at the input terminal of the antenna. It is worthwhile to notice that, 
[image: image3.wmf]h

 is defined relative the antenna port.  

In the uplink, the power radiated by the UE is usually of interest and is characterized by the Total Radiated Power, TRP,   
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where 
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 are the (partial) Effective Isotropically Radiated Power (EIRP) in ( and ( polarizations respectively,
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 are the partials gains of the UE antenna and P0  is the “input” power at the antenna connector.

TRP is basically the average radiated power, and therefore satisfies the following inequality,  
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where 
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 are the lowest respectively highest power radiated by the handset. 
Finally, from the definition (1) it follows that TRP is directly proportional to the radiation efficiency, (, 
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On the downlink, the UE communication performance is quantified by the Total Radiated Sensitivity, TRS (it should be noted that “radiated” is used in order to emphasize that sensitivity is measured including the antenna),
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where 
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 are the (partial) Effective Isotropically Radiated Sensitivity (EIRS) in ( and ( polarizations respectively, 
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 are the partials gains of the UE antenna and PS  is the “input” power at the antenna connector.
TRS is as in the case of TRP is also an average, and therefore satisfies the following inequality,  
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where
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 are the lowest respectively highest sensitivity of the handset. 
From the definition it follows that TRS is inversely proportional to the antenna efficiency,
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TRP and TRS can be obtained for both measurements with phantom and in freespace e.g. without phantom. Hence, performance includes also the effects induced by the user’s head, hand or body.    

The Body Loss, BL is defined as the ratio between the TRP radiated in freespace (without phantom) and TRP measured with the phantom,
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Thus, using equations (3) and (6)  TRP and TRS may be expressed as follows in dB,
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where 
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. The fact that uplink or Tx efficiency may differ from downlink or Rx efficiency is indicated by the superscripts. Clearly, TRP equals the input power (nominal transmitted power) measured at the connector by conducted (i.e. not radiated) measurements P0 reduced by the antenna efficiency (freespace) and the body loss.  On the contrary, the TRS is increased by the same amount relative the reference sensitivity level PS. 
Hence, in the case of a 100 % efficient antenna and no radiation absorption the TRP is identical to the nominal transmitted power P0. In this case the TRS is similar to the reference sensitivity level PS.  
Table 2 shows some examples of total efficiency defined relative nominal power for only one power class i.e. +33 dBm  at GSM900 and +30 dBm at DCS1800. The mean ( and standard deviation ( provided were estimated from TRP measurements of commercially available handsets. In over [5] five handsets were measured, while in [6] six handsets were studied. Finally, the measurement campaign in [7] comprised thirteen mobile handsets. 
Table 2. Examples of antenna efficiency relative nominal power level and Mean Effective Gain relative half-wave length dipole. (*) denotes in-network measurements of MEG relative half wavelength dipole antenna, [4], [7].
	
	GSM900
	DCS1800

	
	(, [dB]
	(, [dB]
	(, [dB]
	(, [dB]
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, [5]
	-7.0
	0.4
	-5.5
	1.0
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, [6]
	-7.2
	NA
	-5.2
	NA
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, [7]
	-10.1
	1.7
	-6.1
	1.9
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*, [7]
	-12.0
	2.3
	NA
	NA
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*, [7]
	NA
	NA
	-6.8
	1.8


Minimum requirements on the antenna efficiency in different bands could look like those presented in the table below. 

Table 3. Minimum efficiency requirements measured in the presence of the phantom head only

	
	GSM900
	DCS1800
	UMTS2100
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	-9 dB
	-6 dB
	-6 dB


The result on UMTS 2100 is just a conjecture, based on the fact that the relative difference in wavelength to DCS1800 is small. However, the bandwidths of these systems are different, which may lead to a different result for UMTS2100. In any case, more measurement results are needed. 

2  Efficiency Effect on Link Budget
The link budget is essential to the proper wireless network planning and optimization and obviously depends upon the ability of the transmitter to deliver the required power but also on the receiver capability to decode the received signal at the required performance figure.
In general the link budget may be written in the following way,
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where 
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 is the isotropic path loss between the receiver and the transmitter, 
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 is the total radiated power by the transmitter (see equation ), 
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 is total radiated sensitivity of the receiver, 
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 are additional losses due to cabling, slant loss, etc, 
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are additional margins to cope with both short and long term fading, interference margins, etc.
Further, without loss of generality we may assume omni-directional base station antennas. In this case the TRP  becomes,
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where 
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 is the maximum output BS power and 
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 is the maximum BS antenna gain.

Similarly the TRS becomes,
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where 
[image: image46.wmf]BS

RxBS

G

P

EIRS

=

max

and 
[image: image47.wmf]RxBS

P

 is the receiver sensitivity and 
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 is the maximum BS antenna gain.

Equation (10) can now be written for  the uplink and the downlink separately, which expressed in dB reads as follows,
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Hence,  
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As is clear, any improvement in antenna efficiency will lead to higher allowable maximal path loss and therefore higher cell range i.e. better coverage for the same cell load.
On the other hand the signal-to-noise performance at the interface between RF and the signal processing units must be met from both sides (assumption). That is,
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Further, without looking to a specific system we have from the RF side that,
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where k is the Boltzman constant, T is the noise temperature of the receiver including the receiver noise figure and W is the noise bandwidth.
From the signal processing side we have that in general,
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where 
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 is the required performance of the digital signal processing stage, 
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Finally, from equations (16-18) we have that 
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Hence, 
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Consequently, any improvement in handset antenna efficiency will relax receiver performance. Further, as symbol energy is proportional to bit energy so lower transmit power is necessary to meet quality performance measure at the handset, which obviously leads to lower interference in the case of the UMTS system. A similar analysis may be performed for the uplink. 
Finally, Fig. 1 shows the effects of antenna performance on the downlink UMTS FDD capacity and coverage in an outdoor urban area based on simulations. Results are presented for different values of terminal antenna performance expressed in terms of MEG (see [2]).  It is not difficult to see from Fig.1 that handsets of good antenna performance will both improve coverage and/or increase capacity. Moreover, the network performance improvement obtained gained with deployment of smart antennas at base station will additional benefit from handsets with good efficiency.
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Figure 1. Coverage range vs. number of “speech” users for downlink UMTS FDD in a urban environment for different values of Mean Effective Gain (MEG) using (a) conventional (“dumb”) antennas at the base stations, [1] and (b) also with smart antennas at the base station, [8].
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