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1
Introduction

In RAN#97-e meeting, a new Rel-18 WI (Work Item) on enhancement of UE (User Equipment) TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity) requirements and test methodologies was approved [1]. 
In this contribution, we discuss the relationship between isotropy, sampling and uncertainty for wide bandwidth NR signals measured with the reverberation chamber method.
2
Discussion

The following observations on measuring NR devices are taken from practical test implementation and theoretical reverberation chamber operation: 

Observation 1:

5G measurements of TRP and TIS typically converge faster than they do on older standards 2G-4G. The reason is the wider bandwidths cover more coherence bandwidths of the chamber. 

The number of samples that should be included in the nominal stirring sequence to get a converged result depends on the bandwidth of the measured channel. If the channel bandwidth is much narrower than the coherence bandwidth, then power samples conform to an exponential distribution. An example of when this is the case is GSM measurements. 

When the channel bandwidth covers several coherence bandwidths of the chamber, then the channel experiences several different incident wave cases inside the channel itself. When this is averaged, the result is equivalent to collecting several samples at each mode stirrer state.
This characteristic can be seen in the measurement series below comparing TRP samples of GSM, LTE and NR operation. Here we have collected three plots under the following conditions:

· 600 Samples
· GSM
· Band 1800 (middle 1842.5 MHz)
· BW < 200 kHz (slightly less than this)
· LTE
· DL channel 40620 (middle 2593 MHz)
· BW 10 MHz
· 5G FR1
· Band n78 (UL 3300 – DL 3800 MHz)
· BW 100 MHz
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As described, the sample-to-sample variation is averaged over the wider bandwidths as the test instrument effectively gathers a wider distribution of the chamber’s isotropic channel properties with each measurement. Total radiated power values converge more quickly under these conditions.
Observation 2:

Isotropy is a characteristic of chamber implementation, but is only valid over a distribution of stirring samples. 

With isotropy in RC we refer to a uniform distribution of incident planar waves over the full sphere over a stirring sequence. In an ideal reverberation chamber, every angle of incidence, every polarization state is equally probable. The average power from every direction is equal. With this condition, the effect of antenna pattern disappears and the measurement results become independent of the DUT position and orientation.  It is important to note that isotropy can only be the case as a distribution over a stirring sequence. At each mode stirrer state the field environment is not isotropic. 

Isotropy, as a characteristic of the RC chamber is an important benefit of tests that are defined relative to total spatial radiation or total spatial reception, such as TRP and TRS. Yet isotropy implies a theoretical measurement state; in practical reverberation chambers the isotropic condition is approached but not fully realized. 

There is no practical way of observing the isotropy directly. But the influence of deficient isotropy on measurement results can be determined. It is usually determined by repeating a measurement with a reference antenna in various positions and orientations. CTIA defines a procedure with 12 positions/orientations of a reference antenna inside the defined test zone. The standard deviation between the averages of these measurements gives a measure of how much uncertainty is created by deficiency in isotropy.

This allows us to separate the isotropic capability of the chamber from the measurement samples required. We can define a chamber characterization measurement to ensure isotropic deficiencies are not present, then as long as an appropriate number of samples are taken, measurement uncertainties can be defined and managed.
Observation 3:

Test zone in a reverberation chamber is largely defined by the region where independent samples can be taken and where practical isotropic conditions apply. 

In order to approach the practical isotropic conditions of a given RC implementation, the UE antennas should not be impacted by the chamber. It is recommended that the UE clear walls and other conducting objects by at least 1/2 wavelengths. At 3.5Ghz this corresponds to a distance of 4.3 cm. Intuitively this is described as the distance from grounded conductive surfaces at which antennas can maintain their radiative properties. A detailed derivation based on boundary condition analysis can be found in Hill and Dunn. [2][3] 

Observation 4:

Measurement uncertainty at 100 samples is inside many of the total measurement system factors and the wide channel bandwidths of NR improve this. 

For the worst case, where channel bandwidth is narrower than the chambers coherence bandwidth, uncertainties with 100 sample is 0.44 dB (at 1 standard deviation). A change of number of samples by a factor 4 will change uncertainty by a factor 2. Thus 400 samples have 0.22dB.

For channels that are wider than a coherence bandwidth the uncertainty will be improved.
Proposal 1:

For TRS testing a minimum of 100 samples is recommended.
Proposal 2:
For TRP testing with narrow bandwidths, a minimum of 200 samples is recommend to allow even tighter measurement uncertainty budgets.
Proposal 3:

For test zone definition, UE must maintain ½ wavelength from conducted surfaces of the chamber.

3 Conclusion

In this contribution, we discuss the relationship between isotropy, sampling and uncertainty for wide bandwidth NR signals measured with the reverberation chamber method.

Observation 1:
5G measurements of TRP and TIS typically converge faster than they do on older standards 2G-4G. The reason is the wider bandwidths cover more coherence bandwidths of the chamber. 

Observation 2:
Isotropy is a characteristic of chamber implementation, but is only valid over a distribution of stirring samples. 
Observation 3:
Test zone in a reverberation chamber is defined by the region where independent samples can be taken and where practical isotropic conditions apply. 

Observation 4:
Measurement uncertainty at 100 samples is inside many of the total measurement system factors and the wide channel bandwidths of NR improve this. 

Proposal 1:

For TRS testing a minimum of 100 samples is recommended. 

Proposal 2:

For TRP testing with narrow bandwidths, a minimum of 200 samples is recommend to allow even tighter measurement uncertainty budgets. 
Proposal 3:

Test zone definition must maintain ½ wavelength from conducted surfaces of the chamber. 
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