TSG-RAN Working Group 4 meeting #23

1/1
R4-020743
TSG-RAN WG 4 #23
11/12




R4-020743


Source:
Siemens, Nokia, Sony Ericsson, Alcatel, TDF, Telia and COST273 SWG2.2
Title:
Standard Test Procedure for 3G User Equipment Antenna Performance: Uncertainty Assessment, TRP Measurements and Typical Use Positions.
Agenda item:
8.3 FS on UE antenna efficiency test methods and requirements

Document for:
Discussion and Approval
Table of contents

21
Introduction

2
TRP Measurements and Typical Use
2
2.1
UE class 1
2
2.2
Typical use
2
2.3
TRP Measurements
2
2.3.1
Spatial and Frequency Sampling.
3
2.3.1.1
Measurements and Data Processing
3
2.3.1.2
Spherical Sampling Density
3
2.3.1.3    Results
4
2.3.1.4
Sampling in Frequency
6
2.3.1.5
Results
6
2.3.1.6
Conclusion
8
3
Uncertainty Assessment
9
3.1
List of Individual Uncertainty Contributions in TX Measurement
9
3.1.1
Measurement of the EUT
10
3.1.2
Measurement of the Reference Antenna
10
3.2
Chamber
10
3.2.1
Measurements with Reference Phones
10
3.2.2
Measurements with Simple Reference Antennas
11
3.2.3
Equipment
11
4
Conclusion
12
5
References:
12

























1 Introduction

This document is first part of a series of documents presenting the methods and results proposed for testing and evaluating antenna performance of 3G terminals. The proposed results and methods are based on inputs created within the COST273 SWG2.2

The structure of this document is based on the draft table of contents presented by TDF (R4-020724 [7]). The following two general topics are discussed hereafter:

· Total radiated power (TRP) measurement and typical use positions for “handheld devices” (herein proposed to be defined as UE class 1)

· Uncertainty assessment

2 TRP Measurements and Typical Use

The TRP measurements must be made in a way so they depict the typical user performance of the equipment.

This statement implies a lot of open issues. First task is to decide how to actually measure the TRP, second is to determine the typical use situation, third task is to determine how to apply this to (maybe) a hybrid data/speech terminal. 

In order to solve this - we propose to create a set of overall terms, which should be used to perform a general classification of different user equipment and scenarios. Some of these issues require knowledge about future applications, which can be hard to foresee. They will therefore until a certain level remain open.

2.1 UE class 1

The UE classification is based on the equipment type and primary user application.

UE class 1 is herein proposed defined as a handheld device where the primary functionality is speech services.

2.2 Typical use

The proposed typical use situation for UE class 1 is the predefined talk position (UE besides head) e.g. similar to the touch position defined for SAR measurements.

2.3 TRP Measurements

The important parameters when trying to settle a method for obtaining e.g. the TRP is elapsed measurement time vs. what is the realistic and needed precision. 

The following will all affect this parameter:

· Spatial Sampling

· Frequency sampling (amount of measurement frequencies/band)

· User scenarios (phantom, hand, table position etc.)

All these parameters need to be thoroughly investigated with respect to necessity and reality. 

These investigations are currently taking place within the COST273 SWG2.2 involving operators, manufacturer and test facilities. Certain results from the work within this area have already been published. [1-6]

The issue regarding spatial sampling and frequency sampling are described in the following investigation. This is mainly focussing on how these parameters affects the MEG values, but it is thereby possible to deduct results, which can directly apply when obtaining the TRP.

2.3.1 Spatial and Frequency Sampling.

The surface integral involved in obtaining the mean effective gain (MEG) has to be computed from a finite set of samples of the spherical radiation pattern.  From a practical point of view it is important to minimize the total measurement time for each mobile device, both because a long measurement time should be avoided and

since the mobile has to be battery powered.  Hence the number of samples of the radiation pattern should be minimized as much as possible.

Based on measurements of commercially available handsets, this work investigates how the MEG depends on the number of samples used in the spherical radiation pattern.  Furthermore, a method for reducing the number of measurements at different frequencies is discussed.

2.3.1.1 Measurements and Data Processing

Spherical radiation patterns of four commercially available GSM handsets have been measured in the setup depicted in section 3.3.3. The handsets represent some of the most important handset types used today.  Handset A and B are large handsets with external and internal antennas, respectively.  Handset C and D are small handsets with internal and external antennas, respectively.  Here `small' handsets are among the smallest handsets available today, about 10 cm by 4.5 cm, and the `large' handsets are about 13 cm by 4.5 cm.  Handset D was also measured with two substitute antennas; these measurements are labelled handset E and F.

All the measurements were made on GSM channel 698, i.e. 1842 MHz for the DL and 1747 MHz for the UL.

The spherical radiation pattern was sampled using increments of 10° in both the azimuth angle and the elevation angle.  The handsets were measured both in free space and next to a phantom head.  For the free space measurements the handsets are oriented along the z-axis of the coordinate system with the display pointing towards the negative y-axis.  When the phantom is included, the handset is mounted on the left side of the phantom at an angle of 45° from the z-axis, still with the display side facing the negative y-axis.

In the realistic situation where both the radiation pattern and the spherical power distribution are non-isotropic, the MEG will vary depending on the orientation of the handset with respect to the environment.  In order to investigate this, the measured radiation patterns have been rotated firstly with an angle of ( about the y-axis and afterwards with an angle ( about the z-axis, using all combinations of (={0, 15, 30,…, 345°} and ( = {0, 15,…, 60, 300, 315, …, 345°} .  For each combination of ( and ( the MEG was computed.  

It should be mentioned that spline interpolation has been used to obtain the rotated radiation patterns, since samples are needed from directions not in the original sampling grid.

2.3.1.2 Spherical Sampling Density

The change in MEG due to the choice of angular sampling density was investigated by decimation of the measured spherical radiation patterns. By using a decimation factor of d the angular sampling interval becomes d·((, where (( = 10° is the sampling interval used during the actually performed measurements.

The MEG was computed for decimation factors d={1, 2, 3, 6} and the change in the MEG was investigated using the normalized MEG,
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where (d((,() is the MEG obtained with rotation angles ( and (, and decimation factor d.  The MEG value is approximated using the formula
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where
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and G(((n,(m;(,() is the squared magnitude of (-polarization component of the E-field in the direction given by ((n,(m) and a rotation of the antenna using the angle pair ((,().  The number of samples in the ( and ( angles are M=36 and N=19, respectively.  The sampling points of the sphere are given by the angles (i = i(( and (i = i((. 
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Results
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Normalized MEG for handset C (left) and handset E (right) both for the DL.
For each combination of handset, decimation factor, and environment the normalized MEG was computed for each rotation of the radiation pattern.  A total of 216 handset orientations were used.  To summarize the results the minimum, mean, and maximum values of these values were computed from the combined data obtained with different handsets, and shown in the table below. 

In the figure the endpoints of each vertical line are given by the minimum and maximum values, and the mean value is shown as a point on the line.

From the figure above it is noticed that the deviation results obtained with the isotropic, rect0, and rect6 models are very similar, which is a general tendency for all handsets.  This may be explained by the fact that the non-zero part of the rectangular windows cover approximately 71% of the sphere and therefore, similarly to the isotropic model, results in a summation of many samples, even if the decimation factor is high.  Furthermore, in these models all samples are weighted equally (inside the window).  This makes the models

relatively insensitive to coarse sampling, as compared to the MBK and HUT models.

The results in the figure above for the two handsets are clearly different for the MBK and HUT models, which may be due to the type of handsets.  Both handset C and E are small, but handset E uses a large

extractable dipole which is more selective than the internal antenna used by handset C.

This explains the rather low error for handset C even for a decimation factor of 6.  For the remaining handsets the results are more equal, probably because of the similar sizes. When the phantom is included in the measurements the differences observed with handset C and E are less significant.

As expected, for free space conditions the MEG error variation for the MBK model is generally lower for a decimation factor of 2 than for a factor of 3.  However, this is not the case for the HUT model where the two sampling densities results in a similar variation, and in several cases the results for a factor of 2 are worse than those for a factor of 3. Although the HUT model is constant versus azimuth angle it is rather selective in the elevation angle, and it is therefore more sensitive towards where the samples are taken.  The same remarks

can be made concerning the phantom measurements, although the tendency is less striking.

	
	Decimation factor 2
	Decimation factor 3
	Decimation factor 6

	
	min
	mean
	max
	min
	mean
	max
	min
	mean
	max

	MBK
	-0.4
	0.0
	0.3
	-0.9
	-0.2
	0.6
	-2.9
	-0.2
	2.4

	HUT
	-0.7
	0.2
	1.9
	-1.3
	-0.2
	0.9
	-3.4
	1.2
	6.1

	ISO 0
	-0.1
	0
	0.1
	-0.4
	-0.2
	0
	-2.0
	0.0
	1.1

	Rect 0
	-0.3
	0.1
	0.5
	-1.3
	-0.3
	0.2
	-1.4
	-0.2
	0.8

	Rect 6
	-0.3
	0.1
	0.6
	-1.6
	-0.3
	0.2
	-2.2
	-0.5
	1.4


Global statistics of difference from reference of MEG values obtained with different decimation factors.  All values are in dB and for the measurements including a head phantom

The results obtained for the UL are essentially the same as those for the DL.

Statistics computed from the combined data, i.e. the data originating from different handsets and both UL and DL are pooled into a single data set, are given in the table for the phantom case.  Generally, the results for the free space are similar to those obtained with the phantom.

Considering the range of MEG values observed with the MBK model when the handset is rotated, which of the order 2--7 dB, it is not reasonable to have errors larger than those observed with a decimation factor of 2.  This will lead to an error of around +/-0.5 dB.  With a decimation factor of 3 the error is around +/-1 dB.

The HUT model results in the largest range of values among the models for any decimation factor and for both free space and with the phantom.  Even with a decimation factor of 2 the range of errors is significant, indicating that decimation in this case is questionable.

Note that it may be possible to reduce the errors by using other sampling locations than those used in this work.  Another possible improvement is to eliminate the interpolation error.  The simple approximation of the surface integral (used in the first equations) requires that the samples of the rotated pattern belong to a grid defined by (n = n(( and (m = m((.  Consequently, the corresponding samples of the measured pattern cannot belong to such a simple grid. For this reason, interpolation has been used in this work to obtain the values at the necessary sampling points. A more complicated integration approximation may eliminate the need for interpolation.

2.3.1.4 Sampling in Frequency

The radiation patterns of handset antennas as measured by the procedure described earlier can be expected to be frequency dependent, since antenna matching circuits typically are frequency selective, and also the antenna itself will to some degree depend on the frequency.  Given this, the MEG should be evaluated at all relevant frequencies which, in principle, would require measurements of the spherical radiation patterns for each of those frequencies.  However, it is possible that only a reduced set of measurements needs to be carried out, as demonstrated in this section.

Define the antenna efficiency at the frequency f as
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(4)
where e(((,f) is the radiation pattern for the (-polarization at the frequency f. Using this, the frequency  dependent MEG is
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(5)
where ( '(f) is the MEG computed using the normalized radiation patterns given by e'(((,f) = e(((,f) / ( (f).

Furthermore, it is assumed that Q( is frequency independent.

If it can be shown that ( ‘(f1) ~ ( ‘(f2) for any f1, f2 within the band of interest, then the full spherical radiation pattern of the antenna only has to be measured at one frequency.  The MEG at other frequencies may be obtained by a simple scaling.  Obviously, this is only an advantage if ((f) can be estimated from a fewer number of samples than used in the integration for ( ’(f).  In the following section it is first investigated whether (’(f) can be approximated as frequency independent, and secondly estimation of ((f) from a subset of samples are considered.

2.3.1.5 Results

The measurements of the five handsets were all carried out at the frequencies corresponding to the GSM channels 512, 698, and 885, i.e. at the center channel and the channels at the 1800 MHz band edges.

For each channel the MEG was computed with no decimation (d=1) using the normalized radiation patterns e'(((,f). This allows a comparison of the MEG obtained at different frequencies for each combination of handset orientation, link direction, and model of environment.  Only the results for the MBK, HUT, and isotropic models were compared and only free space measurements.

Some examples of the results are given in the figure below, where the results for handset A in the UL are shown.  Each vertical line in the plot illustrates the minimum and maximum difference in the MEG obtained at two frequencies, but otherwise identical conditions, i.e. for the same orientation of the handset.
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Difference in MEG for the normalized radiation pattern

Comparing the center channel 698 with the channels 512 and 885 at the band edges a difference between minimum and maximum of roughly 1 dB is typically found for the various handsets.  The minimum and maximum values are not necessarily centred around 0 dB.  It should be stressed that these values are obtained by using results from all possible rotations of the handset, as mentioned in the measurement procedure. 

If only a subset of these rotations are considered, the variation in MEG due to the measurement frequency may be smaller.  On the other hand, the results obtained so far are only for the free space case.

In the following the estimation of ((f) is investigated concerning to the estimation accuracy when the number of measurement points in the spherical radiation pattern is decreased.  Due to the physical shape of the measured handsets, where the length is larger than the width, it can be expected that the variation in the radiation pattern is more pronounced versus the elevation angle than versus the azimuth angle.  Therefore the original sampling density of 10° is retained for the elevation angle, but in the azimuth angle a reduced number of samples are considered.  By decimation of the original measurements, sampling densities of d·10° is tested, where d={1, 2, 3, 4, 6, 9}.  From the reduced set of measurements the value of ((f) is estimated using a discrete version of the equation given above.

The figure below shows the results obtained for handset C in the UL.  The figure shows the ((f) values for the various decimation factors, using as reference the value of ((f) estimated from the full set of measurements, i.e. taken in a 10° by 10° grid.

The results obtained show that the ((f) estimation error is quite small, even for a coarse sampling in the azimuth angle.  The estimation errors are approximately within a range of -0.1 dB to +0.2 dB for a sampling density of 60°, and approximately in within -0.1 dB to +0.3 dB for a sampling density of 90°.
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Error in ((f) estimation (in dB) for handset C, UL.

2.3.1.6 Conclusion

The investigations were based on spherical radiation pattern measurements of six radically different mobile handsets.  Five different models of the spherical power distribution in the environment have been used, where two are based on channel measurements. The MEG has been computed for different orientations of the handsets in each environment.  By decimation of the spherical radiation patterns, which were measured in a 10° by 10° sampling grid, it was possible to study the error introduced in the MEG when the number of samples is reduced.  The MEG values have been compared for decimation factors 1, 2, 3, and 6.

As expected, the MEG values computed using models which are isotropic, or essentially isotropic, were found to be influenced less by a reduced sampling density than the MEG values obtained with the two measurement based, non-isotropic models of the power distribution.

Furthermore, it was found that the handset type was important, possibly because large handsets/antennas may be more directive and hence require a more dense sampling or another distribution of sampling locations.

For one of the power distribution models based on measurements a decimation factor of 2 lead to a maximum deviation of 0.3 dB, while 0.6 dB was found for a factor of 3.  Hence, a sampling period of 20° or 30° could be reasonable for this model, since the variations in the MEG typically are several dB's for different handset orientations.

For the other measurement based model a decimation factor of 2 resulted in a maximum deviation of 1.9 dB, whereas a factor of 3 resulted in a maximum deviation of 0.9 dB, suggesting that sampling location is important for this model.  Furthermore, the larger maximum deviation for this model could be due to its more selective nature.

3 Uncertainty Assessment

The evaluation of the accuracy of the antenna test results is a very important issue. This Section presents the derivation of a comprehensive overall measurement uncertainty budget by determining all the error sources in the measurement procedure [8]. 

This Section presents the derivation of a comprehensive overall measurement uncertainty budget by determining all the error sources in the measurement procedure. Laboratories performing antenna performance testing will compile an uncertainty budget for their measurement results by applying the guideline presented here. 

The method for calculation of the measurement uncertainty is based on ISO Guide to the expression of Uncertainty in Measurement. Each individual uncertainty is expressed by its Standard Deviation (termed ‘standard uncertainty’) and represented by u. 

The uncertainties are classified to Type A and Type B uncertainties. Type A’s are statistically determined, and Type B’s are derived from existing data e.g. data sheets and experimental test series. An overall ‘combined standard uncertainty’ for the measurement result is determined by applying the RSS (the root-sum-squares) method to the individual values. The values must have same units before they can be combined. ‘Expanded total uncertainty’ is then calculated for a given confidence level (95% is used here).

Calculation Process

1. Compile lists of individual uncertainties for the measurement procedure

2. Calculate the standard uncertainty of each uncertainty by:

Determining the distribution of each uncertainty (rectangular, U, Gaussian, etc.)

Determining the maximum possible value of each uncertainty (unless Gaussian)

3. Convert units as necessary into dB

4. Combine all the standard uncertainties by the RSS (the root-sum-squares method)

5. Multiply the result by an ‘expansion factor’ of 2 to derive ‘expanded uncertainty’ at 95% confidence level

The measurement procedure is divided into a) the measurement of the EUT (equipment under test), and b) measurement of the reference antenna. The overall combined standard uncertainty is the RSS sum of the combined uncertainty in the EUT part and the reference antenna measurement part:
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(6)
Expanded total uncertainty = 2 * uc 

As a reference antenna is used in the test procedure (i.e. a substitution measurement), the measurement uncertainty is reduced since several individual uncertainties are common and therefore cancel.

3.1 List of Individual Uncertainty Contributions in TX Measurement

In the following is presented a list of the main contributions to the measurement uncertainty in the TX performance measurement of the EUT. The RX performance measurement includes some additional contributions.

3.1.1 Measurement of the EUT

Description of uncertainty contribution:

1. Mismatch: receiving part (i.e. between measurement receiver/base station simulator and measurement antenna)



2. Insertion loss: Measurement Antenna cable






3. Insertion loss: Measurement Antenna attenuator (if present)





4. Measurement instrument: absolute power measurement level







5. Gain of the Measurement Antenna






6. Measurement distance (if shorter than the minimum far-field distance recommended)



7. Signal level ripple within quiet zone (i.e. chamber uncertainty)






8. Mutual coupling between the measurement antenna and the EUT (if too close)

9. Positioning uncertainty of EUT against the phantom






10. Dissimilarity between the calibrated reference antenna and the EUT




11. Random uncertainty (measurement system repeatability)





3.1.2 Measurement of the Reference Antenna

Description of uncertainty contribution:

1. Mismatch: transmitting part (i.e. between Signal Generator and reference Antenna)

2. Mismatch: receiving part (i.e. between measurement receiver and measurement antenna)

3. Signal generator: absolute output level







4. Signal generator: output level stability







5. Cable factor: Reference antenna feed cable (i.e. how the cable interacts with the measurement)

6. Insertion loss: Substitution/Calibration antenna cable






7. Insertion loss: Measurement Antenna cable






8. Insertion loss: Substitution/Calibration antenna attenuator (if present)




9. Insertion loss: Measurement Antenna attenuator (if present)





10. Measurement instrument: absolute power measurement level







11. Measurement distance (if shorter than the minimum far-field distance recommended)



12. Signal level ripple within quiet zone (i.e. chamber uncertainty)

13. Gain of the reference antenna





14. Gain of the Measurement Antenna






15. Mutual coupling between the measurement antenna and the EUT (if too close)

16. Random uncertainty (measurement system repeatability)

3.2 Chamber

The assessment of the chamber uncertainty is based on the following:

3.2.1 Measurements with Reference Phones

Previously a series of reference phones have been measured at several different sites [6]. The purpose of this 
investigation was to determine the worst case spread on chambers and measurement set-ups. The outcome of this investigation showed a good correlation when comparing the total radiated power.
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TRP for different phones measured at 6 different measurement sites
3.2.2 Measurements with Simple Reference Antennas

In order to get a more comprehensive absolute chamber characterisation method the COST273 SWG2.2 initiated the following:

· Measurement campaign with simple monopole antennas. These antennas have been manufactured, and are currently being measured at different sites. The purpose is to establish a simple and valid chamber and measurement equipment assessment method

· Investigation assessing the amount of disturbance introduced by the antenna feed cable. This is done by a setup including fibre optical link. The work is ongoing at the moment.

· 
· 
The outcome of these investigations and measurement campaigns are used as input when creating a reasonable and realistic chamber verification and uncertainty assessment method. 

3.2.3 Equipment

The figure shows a typical setup used to obtain the TRP and TRS within one measurement cycle.
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Block diagram showing major components of a typical setup for measuring antenna performance.

In order to obtain both polarisations for up- and downlink it implies use of dual polarised probe antenna, a switch and a communication tester.

In this setup the communication tester is used to obtain the power transmitted from the user equipment. It is though also possible to make a system setup where this parameter is obtained with e.g. a power meter or a spectrum analyser. 

Investigations concerning uncertainty with different power acquisition equipment are ongoing at the moment.

4 Conclusion

It is necessary to establish standard test procedure for user equipment antenna performance, which takes the aspect of the 3G system into account. This must be done in a way that justifies both the necessity and reality aspect. 

This document gives an overview of what is done and what needs to be done within the aspect of uncertainty assessment methods, and when quantifying the TRP. 

It is the first part of a work package, which we have been identified and currently investigated within the COST273 SWG2.2.
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