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1. Introduction

The Reverberation chamber is included in TS34.114 [1] and TS37.544 [2] for TRP and TRS testing of 2G, 3G and 4G wireless devices. It is also frequently used for MIMO testing and is under evaluation in the MIMO OTA work item [3].
This contribution discusses the use of the RC for conformance testing at mmWaves. Key parameters as loss and uncertainty are evaluated.
2. Reverberation Chamber Setup for mmWaves
The setup used for transmitting and receiving mmWave signals OTA in the RC is very similar to the setup used for traditional wireless device testing of legacy standards [1, 2]. Figure 1 shows a schematic picture of the setup used for measurements with a vector network analyzer (VNA). A VNA is connected via cables to the chamber antenna and the reference antenna, both supporting the frequency range of interest. The reference antenna is placed on the turntable and moved throughout the measurement sequence, along with the mode stirrers. The measurement sequence consists of sampling the metric of interest and calculating the average.
For testing of wireless devices, the reference antenna is replaced with the DUT and the VNA is replaced with a base station simulator, communicating with the DUT via the chamber antenna only.

[image: image1.emf]
Figure 1   RC test setup for emulating signals at frequencies up to 40 GHz. This figure also shows the VNA calibration points.

3. Chamber Transfer Function (Loss)
One important characteristic to consider at mmWaves is the loss in the test system, which may be a problem for obtaining the needed link budget. In order to study this, measurements of the chamber transfer function were performed for the setup shown in Figure 1. A Bluetest RC with dimensions 1.9 m x 1.2 m x 2 m (l x w x h) was utilized, which was configured to support the frequency bandwidth 650 MHz – 40 GHz. A Rohde & Schwarz ZNB40 was used as VNA for measuring the S-parameters and was connected to the chamber antenna and the reference antenna. The VNA was calibrated at the points shown in Figure 1. During the measurement sequence, the VNA samples the field (complex S-parameters) received by the reference antenna throughout the stirring sequence. After completion of the stirring sequence, the average received field is calculated and used as an estimator of the loss, which is saved for accurate calibration of the chamber.
Example results of the chamber transfer function can be found in Figure 2. As expected, the loss increases with frequency and is about 49 dB at 28 GHz. At 40 GHz, the loss is about 54 dB. This is significantly larger compared to the losses below 6GHz, but not at all so severe that it prevents testing of 5G devices. Comparing to 4G testing, the sensitivity levels are usually lower than -50 dBm (usually much lower than that) and an output power of a future 5G base station simulator of at least 0 dBm is not unrealistic. It is interesting to note that the loss at 28 GHz corresponds to the loss obtained in a LOS link of a distance of about 3 meters.
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Figure 2   Chamber transfer function for an RC configured for supporting frequencies 4 – 40 GHz.
4. Repeatability and Uncertainty
Low uncertainty is a crucial parameter for a conformance test system. The RC uncertainty is usually expressed as the standard deviation of the received field within the test volume. This is also the main contributor to the TRP and TRS uncertainty budgets, as can be seen in [1] and [2]. In order to assess a typical estimation of this uncertainty, the procedure described in [1] was used. Measurements of the chamber transfer function were performed for 9 different locations of the reference antenna (three different heights and three different orientations). This data was then used to calculate the STD of the received field. The results are shown in Figure 3. As can be seen, the same uncertainty is obtained over the entire frequency range and is in the same range as specified for LTE and legacy standards (0.2 – 0.3 dB).
Another important parameter is the repeatability of the test system. This was also investigated for the test system described above. A measurement of the transfer function was repeated for two different VNAs, Rohde & Schwarz ZNB40 and the Keysight PNA-X. The results can be found in Figure 4. As can be seen, a very good repeatability is obtained.
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Figure 3   Standard deviation of the RC transfer function as a function of frequency for the mmWave setup.
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Figure 4   Comparison of the RC transfer function obtained with two different VNAs.
5. Conclusions
This contribution discusses the use of the RC for conformance testing at mmWaves and evaluates key parameters as loss and uncertainty. It can be seen that the propagation loss inside an RC with the same dimensions as used for 4G and legacy testing is significantly higher than for sub 6 GHz testing, but not at all so severe that it prevents testing of 5G devices. It is also seen that the chamber uncertainty is as low as for traditional testing (0.2 – 0.3 dB), which is promising for maintaining a low total uncertainty budget for future mmWave metrics. Given the fact that the chamber can simultaneously support legacy, LTE and mmWave spectrum, this opens up for backwards compatibility and measurements of devices operating on both sub 6 GHz and mmWaves (e.g. having the control channel on LTE and data in the mmWave spectrum).
Given these fundamental characteristics, the RC is deemed to be a promising method for future 5G OTA testing. The extension of the measurement procedures for the current sub 6 GHz TRP and TRS metrics to mmWaves are straightforward, but also other metrics can be implemented. For example, [4] shows that it is possible to assess conformance testing parameters such as ACLR and spurious emissions by performing OTA measurements in the RC. The RC mmWave measurement procedures will in addition to low uncertainty share the same benefits as for sub 6 GHz, that is, fast measurement procedures and low complexity in measurement setup.
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