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Introduction
This contribution is providing draft text to include RTS in [1].

Discussion

Proposal: Include the draft text in TR 38.827.
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6.2.2
Radiated Two Stage (RTS) for FR1

The RTS test method is a harmonized methodology for FR1 NR MIMO OTA testing. 
6.2.2.1 RTS system setup

One example RTS system layout suitable for 4x4 testing is shown in Figure 6.2.2-1 while Figure 6.2.2-2 illustrates the coordinate system and one example dual-probe antenna configuration. The Base Station emulator sends the downlink signals to the channel emulator, which could be integrated within the base station emulator or be external. The specified channel models are implemented in the channel emulator and the output signals from the channel emulator are fed to the probe antennas. The DUT is placed in the centre of the anechoic chamber and a separate communication antenna is used for the uplink connection with the Base Station emulator.  Depending on chamber size and path losses, amplifiers may be needed for downlink and uplink. 

To support the channel model scenarios in Clause 7.1, at least two cross-polarized probe antennas located at different positions are required for the 4x4 MIMO OTA RTS test methodology. The probe antennas can be placed on a circular arc around the DUT in the x-y plane as shown in Figure 6.2.2-1 or the y-z plane as shown in Figure 6.2.2-2 with each dual-polarized probe antenna placed arbitrarily on the arc. If more than two dual-polarized probe antennas are placed on the arc, electric switching could be used to select the required probe antenna. 

The DUT is placed in the centre of the arc in the desired test condition and can be rotated in the x-y plane. The distributed axis system can perform 3D or 2D antenna pattern measurements which can then be used to determine the transmission paths between the probe antennas/polarizations and the DUT antennas. The transmission matrix, H, is then described by a 4 x 4 or 2 x 2 matrix depending on whether 4x4 or 2x2 MIMO OTA is tested. Changing the probe antenna positions and/or rotating the DUT alters the transmission matrix. To perform the second stage RTS test, it is only necessary to find one transmission matrix which can achieve sufficient isolation after applying an inverted channel matrix using the channel emulator. The minimum isolation level sufficient for the 2nd stage throughput is FFS. 


Figure 6.2.2-1: Example RTS system layout for 2x2 or 4x4 NR FR1 MIMO OTA testing
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Figure 6.2.2-2: Coordination system and one probe antenna layout example for RTS NR FR1 MIMO OTA testing

6.2.2.2 Test procedure

The RTS test method divides the test procedure into two stages: The First stage is to acquire the DUT’s antenna pattern, and the second stage is to calibrate the transmission matrix between probe antennas and the DUT’s receiver prior to performing the throughput tests.  

First stage: Antenna pattern measurement
The first stage is to acquire the DUT’s antenna pattern. For this to be a non-intrusive antenna measurement, the DUT needs to have the capability of measuring the amplitude and relative phase of known signals incident at the DUT antennas. This functionality is commonly referred to as the Antenna Test Function (ATF) using the Reference Signal Antenna Power (RSAP) and Reference Signal Antenna Relative Phase (RSARP) measurements defined in 38.509. This capability is implemented as part of a test mode in the device. By rotating the DUT relative to the known incident signal it is possible to construct the 3D or 2D antenna patterns from the DUT amplitude measurements and relative phase measurements between the antennas. To fully characterize the antennas, measurements are made at two orthogonal probe antenna orientations, typically vertical and horizontal. This can be done by switching between two separate probe antennas or by rotating a single probe antenna polarization direction.

The absolute accuracy of the resulting antenna patterns is not primarily a function of the accuracy of the DUT measurements but is referenced to the calibration of the known incident signals in the anechoic chamber. The linearity of the DUT measurements for amplitude and relative phase can also be calibrated out if necessary. The measured amplitude and phase information should be transmitted over the uplink air interface which is active during the pattern measurements. This may take the form of an IP data connection with associated client application or using a layer 3 signalling connection. 

Second stage: Wireless channel calibration and throughput measurements
The second stage of the RTS MIMO OTA test method is illustrated in Figure 6.2.2-3 using a 2 x 2 MIMO configuration as an example. The specified base station antenna pattern from Table 7.2-7 is loaded into the channel emulator as the Tx antenna pattern, while the measured DUT’s antenna pattern obtained in the 1st stage is loaded into the channel emulator as the Rx antenna pattern and both are then convolved with the spatial channel model chosen to evaluate the DUT performance. This process generates the signals at the DUT receiver that would have been received by the DUT had it been placed in the chosen 2D or 3D spatial field. 

Prior to the throughput test, a “wireless cable” connection needs to be established between the probe antennas and DUT’s receivers. The purpose of the wireless cable connection is to enable the signals generated by the channel emulator, which are already conditioned to include the effect of the device antennas, to be directly connected to the device receiver as if through a lossless cable connection. However, this can only be done by calibrating out the impact of the signal propagation in the anechoic chamber and the impact of the receive antennas in the device. To achieve this calibration, it is necessary to measure the propagation matrix inside the anechoic chamber (dotted lines in Figure 6.2.2-3) and modify the transmitted signals by multiplying by the inverse matrix of the propagation matrix. This approach will make the DUT receive signals equivalent to cable conducted conditions at the receiver but with radiated self-interference included. 

The isolation between branches in the second stage can be measured by establishing a connection and measuring the difference in dB between the RSAP reported for each DUT receiver. For a DUT to be usable with the RTS method a minimum isolation of FFS has to be achieved averaged over sufficient number of RSAP measurements.

The choice of DUT orientation for the radiated second stage is not critical but can be chosen from the measured antenna pattern to avoid any nulls in either antenna which would otherwise reduce the achievable isolation.
After the isolation has been confirmed, the throughput tests are performed for each rotation angle.  During this second stage it is not necessary to alter the device orientation physically relative to the probe antennas since the rotation of the DUT relative to the chosen channel model is performed electrically within the channel emulator by rotating the measured DUT’s antenna pattern measured in the first stage. 

Figure 6.2.2-3: Illustration of the RTS Second Stage

Requirements for DUT to support RTS MIMO OTA test
The following applicability criteria apply to RTS
· The RTS method requires device support for the antenna test function (ATF) defined in TS 38.509. 

· The RTS method is only applicable to devices which do not change their antenna pattern or configuration in response to the radio environment, e.g., a 4 RX device for 2x2 MIMO is not supported

· The RTS method van only be used if the isolation between channels is above FFS dB.
========================== End of change 1==========================
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