
2


[bookmark: _Toc491868096][bookmark: _GoBack]TSG-RAN Working Group 4 (Radio) meeting #91	R4-1906164
Reno, US, 13th – 17th May 2019

Source:	Ericsson, NIST
Title:	TRP measurement of output power and emissions with a directional pattern in a reverberation chamber
Agenda item:	6.8.5.1
Document for:	Discussion

1. Introduction
Last meeting (RAN4#90bis Xi’an) it was agreed to include the reverberation chamber (RC) test method for spurious emission.
In this contribution we look into the applicability of the reverberation chamber for TRP measurements of emissions with a directional pattern. The basic principles are reviewed, and scientific literature is searched for examples, reported measurement uncertainties, and best practices. 
Finally, we examine the applicability of the method for emissions beamformed by the antennas with different correlation level. This gives insight into the operation of the RC in case of in-band, ACLR and OBUE signals.

2. Discussion
2.1 Directive patterns in a reverberation chamber: TRP, isotropy and MU
It has been shown [1] that a well-stirred RC, when configured properly, operates reliably, independent from the radiation characteristics of the EUT inside. Directive patterns and angular dependence of an RC have also been examined in scientific literature, the results of which are in line with [1].  
Such studies investigate isotropy [2] [3] [4], the power-angular spectrum of an RC [5], and the influence of chamber loading (with absorbent materials) on spatial uniformity and power transfer function [5] [6] [7] [8]. These effects are examined at both microwave  [2] [5] [7] [8] [9] and mmWave frequencies [3] [6] [7]and they show that, when averaged, in a well-stirred chamber “a rich isotropic environment is created no matter what type of excitation is used” [3]. In other words, if sufficient stirring mechanisms are adopted, the averaged measurements collected from the chamber will correspond to those from an isotropic environment and TRP measurement is independent of the EUTs radiation pattern.
Interestingly, it is easier to reach this “well-stirred” condition for directional patterns when the operator has some knowledge about the pattern shape. By optimizing the EUTs location and orientation we can point the main lobe of the pattern to a very well-stirred part of the room (typically the stirrer). As such, most of the transmitted power is stirred, there is high randomness and we get a very repeatable measurement, which agrees both with theory and anechoic methods. This practice of optimizing the antenna orientation and position is used in several publications, e.g. [3] [5] [6] [7] [8] [10]. It is clear that this is a best practice that should be adopted when there is pre-test knowledge about the pattern of the emission
Table 2.1-1 shows the results of one of the studies [5] where the MU of different antenna types are compared in the same chamber. It illustrates measurements of the reference power transfer function (chamber loss) in a loaded reverberation chamber when different types of simulated EUT antennas are used. For all cases, the measurement antenna was a dual-ridge horn antenna (DRHA) aimed at the stirrer. Its position did not vary for the duration of the measurements. Adding the RF absorber was necessary in this study to allow demodulation of the communication signal. This also degraded the spatial uniformity and increased the overall value of the standard deviation of the fields measured at various locations in the chamber, . Measurements were frequency averaged over a 4 MHz bandwidth, again necessary for communication signal measurements. But the relative uncertainties are the focus here to study the differences between EUTs with directional and omnidirectional antennas.
Table 2.1-1: Measurement antenna gain

	Measurement number 
	TX antenna name 
	Antenna Gain (dB)
	Measurement set up remark
	Gref (dB) 
	σGref (dB)

	1
	Ant #1
	2
	
	-29.98
	0.3

	2
	Ant #2
	4.5 
	Positional stirring allowed
	-29.51
	0.38

	3
	Ant #2
	4.5
	Optimal position and orientation of TX antenna for each stepped stirring state
	-30.64
	0.17

	4
	Ant #3
	14.5
	Optimal positioning and orientation of TX antenna for each stepped stirring state
	-30.77
	0.25



The first two rows show the  and the standard deviation averaged over a mode-stirring sequence for an omnidirectional antenna (top row) and a dual-ridge horn antenna (DRHA) whose position and orientation with respect to the was allowed to vary during the measurement (in this study, the simulated EUT antennas were placed on a rotating platform to provide another stirring mechanism). The chamber transfer function is very much the same (overlapping error bars) when measured by the omnidirectional antenna and by the DRHA whose orientation was allowed to vary randomly, for both loaded and unloaded chambers. 
	The last two rows illustrate that directional antennas may be used to reduce the effects of the lack spatial uniformity in a chamber, as illustrated by the lower standard deviation when the simulated EUT antenna is carefully oriented away from the measurement antenna for each position within the chamber. Row three has measurements made with the same DRHA as was used in row two, but this time it was oriented away from the measurement DRHA for each measurement. It is clear that even highly directional antennas may provide accurate measurements when sufficient stirring is used, although position stirring may be required to overcome the lack of spatial uniformity in a loaded chamber.
As pointed out above, several studies have shown reliable measurements in reverberation chambers at both microwave  [2] [5] [7] [8] and mmWave  [3] [7] [11] [12] frequencies, indicating that the method can be used for FR1 and FR2. Many more studies were found in literature that are not included into the reference list.
MU on a TRP measurement in an RC has been investigated, such as in [2] [5] [13] [14] [15] . Different types of antenna patterns were examined, and repeatable results found throughout. A TRP measurement is a ratio of a reference (calibration) measurement and an actual EUT measurement. In ideal calibration measurement the reference antenna will excite the RC in the same way as the EUT, which is why it is suggested to use an in the reference measurement with a gain that is comparable to the EUTs gain [5]. This practice is also adopted in the CTIA standard for OTA measurement of large-form-factor devices [16].
Observations:
1. RC method for directive patterns is reliable. 
2. In loaded chambers positional stirring can help mitigate reduced spatial uniformity.
3. MU can be reduced by optimizing the TX antenna location and orientation in the room.
4. RC measurements have been demonstrated at FR1 and at FR2 and above.
5. It is advised to use a reference of comparable directivity as the EUT to lower the MU.

2.2 Directive patterns in RC: BS output power, OBUE and ACLR
As pointed out above, a well-stirred room has no problem with correctly measuring the TRP of a directive pattern. This implies that the RC method can be used to measure Base station output power. 3GPP already accepts the RC method for the measurement of wanted in-band emissions for UE [17] [18], like other standards [16] [19].
We also look at emissions that are beamformed by the antenna elements, and have an unknown correlation level, such as emissions in the adjacent channels and the OOB region.
A simple analysis on the impact of antenna correlation on the antenna directivity of an array antenna can be made by using the following model for the antenna element weights
		Equation 1
Where  and  are independent Gaussian random numbers with zero mean and unit standard deviation.  Hence, the expectation value . For the Base station output power pattern, the correlation level is close to 1.0, and for adjacent channels and the OOB region a lower correlation level is expected. Results for a 16x8 Uniform Rectangular Array (URA) are depicted in Figure 2.2-1 and Figure 2.2-2. In Figure 2.2-1 shows one sample per correlation level where each element weight is calculated by randomly selecting numbers  and  from a Gaussian distribution. In Figure 2.2-1 the corresponding average patterns (using infinitely many samples) are depicted.
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[bookmark: _Ref6315404]Figure 2.2-1: Statistical sample patterns using different levels of correlation.
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[bookmark: _Ref6315568]Figure 2.2-2 The average patterns for different correlation levels. In the case the average pattern is the element pattern, here a Huygens source.
One observation from the above figures are that a statistical sample, which is the kind of pattern of a real measurement, has narrow beams and some beamforming gain even for quite low vales of correlation. Furthermore, for very low correlation levels the peak is less manifest and may point in directions that are not easily predicted.

Observation 6: 
Even at rather low correlation level the pattern is beamformed and the peak direction is predictable

3. Conclusion
Devices/Equipment with a directive pattern are a special case for the measurement of TRP in a reverberation chamber. Virtually all the energy is directed into one part of the room. 
In scientific literature a large number of studies was found that investigate RC measurements with directive TX antennas. According to the low values for measurement uncertainties reported in these papers, there is no problem with directive patterns if the room is well-stirred. Compared to omnidirectional patterns the MU is typically lower. This is because we can position the EUT in order to radiate the major part of the radiated power into a well-stirred direction.
We showed that this approach is feasible for the measurement of Base station output power, ACLR, and OBUE (and SEM for AAS), because they are beamformed by the antenna arrays. Even at lower correlation levels, e.g. =0.1, the pattern shape is still distinctly directive and there is sufficient pre-test knowledge to optimize the EUT’s position and orientation in the room for a reliable measurement.  
We conclude that the TRP measurement of devices with directional pattern in a reverberation chamber is feasible and can be done in a reliable manner. Hence the RC measurement method for Base station output power, ACLR and OBUE should be allowed.

Observation A: 
It is possible to use the RC method to measure Base station output power, OBUE, and ACLR
Observation B: 
It is a good practice to orient the boresight direction of the antenna towards a stirrer, regardless of correlation level of the emission.
Proposal: 
Include the RC method for the measurement of TRP for Base station output power, OBUE and ACLR.
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