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6.3.1.3.3
Overview of calibration procedures specific to the RTS method

The efficacy of the RTS method is based on the ability to accurately measure the DUT complex antenna pattern and establish an isolated radiated MIMO connection in the second stage.

The output of the first stage is a relative antenna pattern of unknown gain and linearity. The calibration of the antenna pattern occurs in the second stage.

Selection of orientation for the second stage

The second stage starts with the selection of a DUT orientation at which to establish a radiated MIMO connection to the DUT. This orientation is chosen from any point on the measured pattern at which the optimal isolation between the streams can be achieved by application of the inverse channel matrix. A degree of isolation between the received streams for most antenna patterns is achieved through use of different transmit polarizations or by using separate antennas. Improved isolation will be achieved by choosing a DUT orientation that avoids nulls in the antenna pattern. The algorithm for selecting the optimal orientation is left up to implementation.  The only criterion is that the selected orientation achieves sufficient isolation.

Calculation of the inverse transmission matrix

Once an orientation is selected an unfaded SISO connection is established from the first probe antenna and the RSAP for each DUT antenna and the RSARP between the antennas is measured. These measurements are repeated using the second probe antenna. From these measurements the optimal transmission matrix from the probe antennas to the DUT receiver can be calculated. When the inverse of this matrix is applied to the probes it is possible to transmit a wanted signal from the first probe to the first receiver and from the second probe to the second receiver with minimal crosstalk.

Calibration of the measured antenna pattern gain

The impact of the unknown gain of the DUT antennas then de-embedded from the test system by setting the downlink power for each probe to the level that returns the same RSAP measurement that was reported for that probe polarization during the first stage at the orientation being used for the second stage. This nulling process is the reason why the absolute accuracy of the RSAP measurement is unimportant since the antenna gain is represented by the change in downlink power necessary to achieve the same RSAP report for the first and second stage at the same DUT orientation.

For example using a -60 dBm nominal level in the first stage for the V antenna assume the DUT for one orientation returns RSAP for receiver 1 of -67 dBm representing an uncorrected gain of -7 dB. This report includes the true gain of the antenna at the V polarization for this orientation (assume -4 dB) plus an unknown error in the RSAP absolute accuracy (-3 dB). In the second stage antenna calibration step, a wanted signal of -60 dBm is transmitted, adjusted to -53 dBm to de-embed the uncorrected gain of -7 dB and the RSAP measured. If the RSAP accuracy were perfect the DUT would report -60 dBm but since the true antenna gain at that orientation is -4 dB, the reported RSAP is higher at -57 dBm. The difference between the first stage RSAP measurement and the second stage RSAP with the uncorrected gain applied then represents the true antenna gain at that orientation referred to the known accuracy of the downlink signal. 

Validation of the isolation between the streams

Once the RSAP absolute error has been measured and removed from the measured antenna pattern the isolation of the streams in the second stage can be measured. This could be done with static signals but what matters is the isolation achieved under the more difficult dynamic fading conditions. The isolation can be measured by establishing a connection and, with the channel model and antenna pattern applied, measure 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 has to be achieved of 15 dB averaged over at least 200 RSAP measurements.

Monotonicity check of RSAP and RSARP

Once the minimum isolation of the radiated second stage has been validated it is necessary to validate the linearity of RSAP and RSARP measurements over the operating range -60 dB, to -80 dBm and +/- 180 degrees. This starts with a monotonicity check using a [1] dB step size for RSAP and a [5] degree step size for RSARP. The step sizes of the monotonicity check determine the accuracy to which the measurements can be linearized. If the monotonicity check fails the RTS method is not usable for the DUT.

Linearization of RSAP and RSARP

Once monotonicity has been validated, the linearity of RSAP can be measured. This is done from the orientation of the peak antenna gain over the range -60 dBm to -80 dBm. The linearity shall be < [1] dB. The linearity of RSARP shall be within [5] degrees over the range ±180 degrees measured at -60 dBm and -80 dBm. If the uncorrected RSAP or RSARP results do not meet the linearity requirements, calculate and apply a transfer function to the measured patterns to ensure the necessary linearity.

12.3.6.2
Test procedure

The following steps shall be followed in order to evaluate MIMO OTA performance of the DUT:

1.
Measure the DUT complex antenna pattern at a nominal -60 dBm downlink power as described in subclause 6.3.1.3 first stage.

2.
Select an appropriate orientation from the measured antenna pattern and establish a radiated MIMO connection to the DUT using the V and H probes as described in subclause 6.3.1.3 second stage. Measure the transmission matrix in the chamber and apply the inverse matrix to the MIMO signal. The DUT orientation at which this is done is selected to optimize the achievable isolation. The unknown gain of the DUT antennas represented by the absolute accuracy of the RSAP measurement is then de-embedded from the measured antenna pattern. This is done by comparing the RSAP measurement from the first stage at the orientation being used in the second stage, to a second RSAP measurement made in the second stage using  a nominal signal of -60 dBm adjusted by the uncorrected antenna gain for that orientation. The difference in the RSAP measurements represents the true antenna gain for that orientation. 

3.
With the desired channel model applied, measure the isolation in dB between each stream as seen by the DUT receiver and ensure it is at least 15 dB averaged over at least 200 RSAP measurements.

4.
Using the calibrated radiated connection validate monotonicity of the DUT RSAP and RSARP measurements over the range -60 dB, to -80 dBm and +/- 180 degrees. The step size for RSAP shall be [1] dB and the step size for RSARP shall be [5] degrees. 

5.
Once monotonicity has been validated, check the linearity of RSAP at the orientation of the peak antenna gain over the range -60 dBm to -80 dBm is < [1] dB. Check the linearity of RSARP is within [5] degrees over the range +/= 180 degrees. If the uncorrected RSAP or RSARP results do not meet the linearity requirements, calculate and apply a transfer function to the measured patterns to ensure the necessary linearity.

6. Convolve the antenna patterns from stage 1, linearized if necessary, with the channel model in the channel emulator and perform the throughput test.

7.
Record the throughput for each DUT orientation controlled by the channel emulator and each RS EPRE level.

8.
Identify and report the RS EPRE (or SIR) level achieving 70% throughput for averaged throughput.
NOTE 1: 
The initial RS EPRE can be set to the user's freely selectable level. 
Recommended initial RS EPRE is found in Tables 7.1-1 and 7.1-2. For the SIR control tests, ensure that the default signal level is set such that the target SIR values can be achieved when utilizing the SIR validation procedure defined in clause 5.1.2.4.
NOTE 2: 
To meet the throughput value target DL RS EPRE level can be changed using user's freely selectable algorithm. 

NOTE 3:
 Assuming that the default signal level meets the criteria in NOTE 1, the interference level will be adjusted to achieve the target SIR.
