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1. Introduction
The use of the reverberation chamber method for the measurement of TRP power has been proposed. A main point in the discussion so far was about the impact of the directivity of the emission on the outcome and reliability of the measurement. From a theoretical point of view, it has been shown that this has no negative effect and that knowledge about the pattern can even help reduce measurement uncertainty  [1] [2], which is backed up by several publications in scientific literature, such as [3] [4] [5] [6].
We now present some of the measurements we have performed that address the point above. In particular, we look at the outcome of the uniformity test for different antenna gains as well as the impact of pattern on the measured of TRP. Both FR1 and FR2 are studied. 

2. Discussion
2.1 FR1 measurements
Chamber characterization
First, we investigated the chamber’s spatial characteristics in function of antenna pattern at frequencies below 6 GHz. The room has dimensions 4.5 x 3.7 x 2.5 m3 and has 2 stirrers: one vertical and one horizontal on the ceiling.
A uniformity test is performed with two different TX antennas: a discone antenna and standard gain horn, with gain ~2 dBi and 15 dBi, respectively. An absorber with dimensions 61 x 61 x 50 cm3 was placed in the room to include the influence of the EUT on the field distribution in the room. Note that an absorber presents a ‘worst case’ EUT and that this chamber loading will result in a lower spatial uniformity [3] [4] than will be the case in the actual TRP measurement (when there is no absorber in the room). 
Figure 2.1-1 and Figure 2.1-2 show the power transfer functions (PTF) measured by the VNA between the connector of the TX and RX antenna in the chamber for the low-directivity and high directivity antenna. Each measurement the TX antenna is placed at different location in the chamber and/or with a different orientation. The plot highlights the average PTF and the ‘best’ (single measurement closest to the average) and ‘worst’ measured direction. The standard deviation calculated over all measurements for both TX antennas is displayed in Figure 2.1-3.
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[bookmark: _Ref7635654]Figure 2.1-1: Measured power transfer functions with a low gain TX antenna
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[bookmark: _Ref7635659]Figure 2.1-2: Measured power transfer function with a high gain (~15 dBi) TX antenna. A bad direction is found. The best ‘well-stirred’ direction is very close to the average over all measurements and is when the TX is pointed towards the stirrer.
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[bookmark: _Ref7690700]Figure 2.1-3: Standard deviation calculated from all measurements. On average the standard deviation with a high gain Tx is higher than that of a low gain antenna. Showning that a directive antenna is better at detecting badly stirred direcitons of a chamber.
When analysing the plots and comparing the data we see:
· The high gain antenna is better at detecting the bad directions. This is expected as the low gain antenna spreads the energy into the room in a larger angular range.
· The PTF varies more when the TX is very directional than when it is more omnidirectional. This is expected because a directive antenna is better at detecting non-well stirred directions.
· The ‘best direction’ of the high gain antenna is very close to the average PTF of all measurements. Shows that optimizing a high gain antenna location and orientation can improve reliability.
There is a difference in the absolute level of the PTFs for the low and high gain TX. This is caused by the chamber loading (i.e. the absorber in the room). For the omnidirectional antenna, there will always be some energy that is immediately attenuated by this absorber, before being spread into the chamber. This contrasts with the directional antenna, which is never pointed directly towards the absorber: (almost) all energy is first spread into the room. We note that this effect has no impact on the TRP measurement, because there will not be an absorber in the room and both Ref TX and EUT are assumed to have a similar radiation pattern.
These findings agree with what was presented in [1] and [2].
TRP measurement
Next TRP measurements in the chamber are conducted. To represent an EUT we choose a signal generator (SG) connected, by a cable, to a directional antenna (15 dB standard gain horn). This way we can easily assess the accuracy of the TRP measurement by comparing the outcome to a conducted measurement at the cable that is connected to the TX antenna.
Three measurements are done where the SG is set to transmit a continuous wave at a different centre frequency each time. Because we know the pattern of the emission, we can optimize the orientation of the antenna in the room. For this measurement, we point it towards the stirrer. The results are displayed in Table 2.1-1 and as can be seen, they measured TRP in the reverberation chamber agrees very well with the measured conducted power at the antenna terminal.
Table 2.1-1: Measured conducted vs TRP of an emission with gain 15 dB
	Frequency
	Measured conducted power
	Measured TRP using RC method

	2.6 GHz
	-2.7 dBm
	-2.9 dBm

	3.3 GHz
	-2.9 dBm
	-2.9 dBm

	4.0 GHz
	-3.1 dBm
	-2.8 dBm




2.2 FR2 measurements
Chamber characterization
An identical study was performed at FR2. The room now has size 0.8 x 1.2 x 1.6 m3 and has one large vertical stirrer. An absorber is placed in the room to represent the impact of an EUT on the spatial uniformity. We note that this absorber will have a larger impact on the spatial uniformity than when an EUT is placed in the chamber. Hence, spatial uniformity during a TRP measurement will be at least as good as the outcome of the uniformity test. 
Two types of TX patterns are compared: an omnidirectional antenna (dipole) and a high gain antenna (20 dBi standard Gain Horn). The results of the measurement are shown in Figure 2.2-1 and Figure 2.2-2.
[image: ]
[bookmark: _Ref7700457]Figure 2.2-1: All measured PTFs for a TX with omnidirectional pattern.
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[bookmark: _Ref7700469]Figure 2.2-2: All measured PTF for a TX with a highly directive pattern. Like for FR1, a bad direction is found that was not detected by the low gain Tx.
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Figure 2.2-3: The standard deviation calculated from all measured PTFs. Like for FR1, the standard deviation of the directive TX is larger than that of the omnidirectional Tx.

Also, for FR2 we get good results, despite the fact that -like in FR1- there is an absorber in the chamber which has a negative impact on spatial uniformity. We see:
· The high gain antenna is better at detecting bad directions than the low gain antenna. 
· The PTF varies more when the TX is very directional than when it more omnidirectional
· The ‘best direction’ of the high gain antenna is very close to the average PTF of all measurements.
Like for FR1 the outcome of this uniformity test can be used to improve the stirring mechanisms in the room if necessary or to optimize the EUTs orientation and position in chamber if the pattern of the emission is known.

TRP measurement
TRP measurements are performed using a signal generator connected to directional antenna (20 dB) to represent an EUT. Three different measurements are done around different centre frequencies: 26.6 GHz, 28.6 GHz and 30.6 GHz. The SG is set to transmit a modulated signal. Figure 2.2-4 shows the comparison of the conducted power and TRP measured in the chamber. As can be seen, for all measurements the measured TRP is very close to the measured conducted power. This shows that TRP of a directional emission can accurately be measured in a reverberation chamber. 
[image: ]
(a)
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(b)
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(c)
[bookmark: _Ref7756937]Figure 2.2-4:  Measured TRP using RC method compared to measured conducted power at the transmitting antenna connector of a modulated signal centred around (a) 26.6 GHz, (b) 28.6 GHz, (c) 30.6 GHz
In the above measurements 320 independent samples were collected during one RC measurement cycle. A complete cycle took approximately one minute to complete, which shows that TRP in a reverberation chamber can be measured very fast.

3. Conclusion
Measurements in two different reverberation chambers were done at FR1 and FR2. The influence of pattern was investigated by means of a uniformity test, and TRP measurements were compared to conducted measurement results.
It was shown that a well-stirred chamber (i.e. a chamber with good spatial uniformity) can be achieved, independent of the gain of the EUT/TX antenna. Both at FR1 and FR2 the level of spatial uniformity reaches reasonable levels to be included in the measurement uncertainty evaluation captured in technical reports TR 37.843 and TR 38.817-02.
[bookmark: _GoBack]From the uniformity test some observations could be made. Directing a directional antenna towards the stirrer results in well-stirred conditions and improves the reliability of the measurement. Furthermore, some bad directions were found, but are very hard to reproduce. Indicating that positional stirring can be used to reduce the influence of less-well stirred directions. This is especially useful if the pattern of the emission is unknown.
TRP measurements in the chambers were also done. An EUT was emulated by a signal generator connected to a high gain antenna. The measured TRP using the reverberation chamber method was compared to conducted measurements at the antenna connector. The results agree very well, both for FR1 and FR2. Showing that it is possible to accurately measure the TRP of an emission with a directional pattern.
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