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6.3.1.3
Candidate solution 3

The principle of two-stage MIMO OTA method is based on the assumption that the DUT far-field antenna radiation pattern will contain all the necessary information for evaluation of the DUT’s antenna's performance like radiation power, efficiency and correlation and that with channel model approaches, the influence of antenna radiation pattern can be correctly incorporated into the channel model. Thus the method will first measure the DUT’s MIMO antenna patterns and then convolve the measured antenna patterns with the chosen MIMO OTA channel models for real-time emulation. The resulting test signal generated by the channel emulator and coupled back into the DUT receivers represents the signal that the DUT receivers would have seen if the DUT had been placed in the desired radiated field. Thus an ideal implementation of the two-stage method provides the same results as an ideal implementation of the boundary antenna array method.
The two-stage method can be used to measure the following figures of merit: 


1) Throughput 


2) TRP and TRS 


3) CQI, BLER 


4) Antenna efficiency and MEG 


5) Antenna correlation, MIMO channel capacity.

In order to accurately measure the antenna pattern of the intact device, the DUT chipset needs to support received amplitude and relative phase measurements of the antennas. The validity of antenna pattern measurement is predicated on the assumption that for the frequency being tested, the DUT antenna pattern is static. Devices than can alter their antenna pattern in real time as a function of the radiated environment – sometimes referred to as active antennas – is FFS as noted in Table 12.4-1.
 
The method of coupling the base station emulator and DUT can be through the standard temporary antenna connectors (conducted two-stage method) or by using a specially calibrated radiated connection (radiated two-stage method) to do the test on throughput, etc., to test how the MIMO antennas will influence the performance. The conducted method of coupling is straightforward but does not capture the impact of radiated leakage from the DUT transmit antennas to the DUT receive antennas, thus in its current form without additional interference estimation the conducted method of coupling in the second stage is not proposed for use in conformance testing. Its description is included for historical completeness of the development of the two-stage method. The radiated method of coupling in the second stage does fully capture radiated leakage and is the method defined for conformance testing in Clause 12.

6.3.1.3.1
Concept and configuration
The assumption of the two-stage MIMO OTA method is that the measured far field antenna pattern of the DUT’s multiple antennas can fully capture the mutual coupling of the multiple antenna arrays and their influence on radiated performance. Thus to do the two-stage MIMO OTA test, the antenna patterns of the antenna array need to be measured accurately in the first stage. In order to accurately measure the antenna pattern of the intact device, the chipset needs to support amplitude and relative phase measurements of the antennas. To achieve this, two new UE measurements have been defined called Reference Signal Antenna Power (RSAP) and Reference Signal Relative Antenna Phase (RSARP). These measurements are defined in TR 36.978 [20].
Stage 1: The measurement of the DUT’s multiple antennas takes place in a traditional anechoic chamber set up as described in Annex A.2 in [4], where the DUT is put into the chamber and each antenna element's complex far zone pattern is measured using the RSAP and RSARP measurements defined in [20]. The influence of human body loss can also be measured by attaching the DUT to a SAM head and or hand phantom when doing the antenna pattern measurements. The characteristics of the SAM phantom are specified in Annex A.1 of [4]. The chamber is equipped with a positioner, that makes it possible to perform full 3-D far zone pattern measurements for both Tx and Rx radiated performance. As specified in A.2 of [4] the measurement antenna shall be able to measure two orthogonal polarizations (typically linear theta (() and phi (() polarizations as shown in Figure 6.3.1.3.1-1).
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Figure 6.3.1.3.1-1: The coordinate system used in the measurements

Stage 2: Convolve the antenna patterns measured in stage 1 with the chosen MIMO channel model, using a channel emulator and then use the resulting signal to perform the OTA throughput test. The signal is coupled into the DUT using either a cabled or radiated connection.
The two-stage method is illustrated in Figure 6.3.1.3.1-2. In the conducted two-stage method shown in Figure 6.3.1.3.1-2 the BS emulator is connected to the MIMO channel emulator and then to the DUT’s temporary antenna ports via approved RF cables. These ports are the standard ones provided for conducted conformance tests. The alternative to using a conducted connection is to use a calibrated radiated connection in an anechoic environment as shown in Figure 6.3.1.3.1-3 is the radiated two-stage method. This coupling technique exploits the Eigen modes of the transmission channel in the anechoic chamber to provide isolated radiated connections between the probe antennas and each DUT receiver after the DUT antenna. Throughput with the DUT’s MIMO antenna influence can be measured using either coupling method. However, only the radiated coupling method intrinsically includes the effects of DUT self-interference and is the method defined for conformance testing in Clause 12.

There are two different approaches to convolve the DUT antenna patterns with MIMO channel models.

a) 
Apply antenna patterns to geometric (Ray-based) channel models. Ray-based models support arbitrary antenna patterns under predefined channel modes in a natural way as described above. If Ray-based models like SCME are specified to be used for MIMO OTA testing, then the channel emulator needs to support SCME channel model emulation and convolution with the measured antenna patterns.

b) 
Apply antenna patterns to correlation-based channel models. With a correlation matrix calculation method for arbitrary antenna patterns under multipath channel conditions, the correlation matrix and the antenna imbalance can be calculated and then emulated by the channel emulator. 








Figure 6.3.1.3.1-2 shows the first and second stages of the two-stage method with conducted coupling for the second stage.
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Figure 6.3.1.3.1-2: Proposed two-stage test methodology for MIMO OTA test
An example implementation of the radiated method of connecting to the EUT in the second stage is shown in Figure 6.3.1.3.1-3.


[image: image3]
Figure 6.3.1.3.1-3: Alternative radiated connection for two-stage test methodology for MIMO OTA test
Figure 6.3.1.3.1-3 shows the radiated coupling method for the second stage. Two probe antennas with polarization V and H are co-located in the anechoic chamber. Note, unlike in the first stage where the V and H probes are used at different times, in the second stage both V and H probes are used simultaneously. An example implementation of this would be the dual polarized configuration described in Annex A.2.2 of [4]. The only difference between the conducted second stage and the radiated second stage is to replace the RF cables with the radiated channel inside the chamber. Due to the propagation channel in the chamber, signals transmitted from each probe antenna are received by both DUT antennas which is different from the cable conducted case where the signals are isolated by the cables. However, by precoding the transmitted signals using spatial multiplexing techniques it is possible by calculating the radiated channel matrix and by applying its inverse to the transmitted signals, to create an identity matrix allowing the transmitted signals to be received independently at each DUT receiver after the DUT antenna. This precoding recreates the equivalent of the isolated cable conducted conditions at the receiver but with radiated self-interference now included.

The establishment of the radiated connection is explained as follows. Assume [image: image5.png]
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 are the transmitted signals from the base station emulator, after applying the desired channel model and convolution with the complex antenna pattern we get:
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The radiated channel matrix between the probe antennas and the DUT antennas is [image: image13.png]:("
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If the channel emulator applies the inverse of the radiated channel matrix [image: image15.png]
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, the signal received after the DUT antennas is same as the cable-conducted method as follows:
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6.3.1.3.2
Test conditions

This candidate solution supports testing of different figure of merits. It is also applicable for any 3GPP Release, and even for other standards. 
This method can reuse existing SISO OTA anechoic chambers to make the antenna pattern measurements; the channel emulator number is required to match the number of device receiver inputs regardless of the complexity of the chosen channel model, the method is consequently easily scalable to higher order MIMO due to the reduced number of instruments required; the channel models are highly accurate due to being implemented electronically and are also fully flexible and can be altered to suit any desired operating conditions such as indoor-outdoor, high or low Doppler spread, high or low delay spread, beam width, in 2D or full 3D etc.
This method requires the chipset in the DUT to support amplitude and relative phase measurements of the antennas as defined in TR 36.978 [20]. The conducted coupling method in the second stage cannot directly measure DUT self-desensitization since the antenna pattern measurement does not take account of possible signal leakage from the device transmit antennas into the receive antennas. The radiated coupling method for the second stage does fully characterize any DUT self-desensitization and is the method specified in Clause 12 for conformance testing.
The detailed radiated two-stage test procedure can be found in Subclause 12.3. 

6.3.1.3.2
Overview of calibration procedures specific to the two-stage method
The efficacy of the two-stage 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 two-stage method a minimum isolation has to be achieved of [18] dB averaged over a period of [TBD] frames.
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 two-stage 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.
6.3.1.4
Candidate solution 4
12.3
Two-stage method test procedure
12.3.1
Base Station configuration

The SS parameter settings shall be set according to Clause 7.1.
The emulated antenna array configuration shall be set according to Clause 8.5.

12.3.2
Channel Models

The applicable channel models are defined in Clauses 8.2 and Annex C.
12.3.3
Device positioning and environmental conditions

The positioning of the device under test within the test volume shall be set as defined in Clause 9.4.
The environmental requirements for the device under test shall be set as defined in Annex D.
12.3.4
System Description

12.3.4.1
Solution Overview
The setup described in Clause 6.3.1.3 shall be used.
Use of the two-stage method for conformance test depends on the specification of the UE antenna test function which is defined in TR 36.978 [20].
12.3.4.2
Configuration
The concept and configuration of the test setup is given in Clause 6.3.1.3.

12.3.4.3
Calibration

The calibration procedure is specific to the test concept and configuration, therefore is unique for each implementation. The calibration procedure shall be documented by each lab, with enough details to allow third party verification. Examples are given in Annex F.

12.3.5
Figure of Merit

The performance metric is given in Clause 5.

12.3.6
Test procedure

12.3.6.1
Initial conditions

Initial conditions are a set of test configurations the UE shall be tested in and the steps for the SS to take with the UE to reach the correct measurement state for each test case.

1. Ensure environmental requirements of Annex A are met.

2. Configure the test system according to Clauses 12.3.1 and 12.3.2 for the applicable test case.

3. Verify the implementation of the channel model as specified in Clause 12.3.2.

NOTE: 
The verification of the channel model implementation can be part of the laboratory accreditation process i.e. performed once for each channel model, and will remain valid as long as the setup and instruments remain unchanged. Otherwise the channel model validation may need to be performed prior to starting each throughput test.
4. Position the UE in the chamber according to Clause 12.3.3.

5. Power on the UE.

6. Set up the connection.
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 [18] dB averaged over a period of [TBD] frames.

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 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.

NOTE 2: 
To meet the throughput value target DL RS EPRE level can be changed using user's freely selectable algorithm.
12.3.7
Measurement Uncertainty budget
The measurement uncertainty budget for the test methodology is given in Annex B.
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