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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In the RAN4 #84 meeting a contribution suggesting a test system methodology for SISO up to 2 x 2 MIMO using a quasi-conducted OTA for Rel-15 OTA performance testing was presented [1]. This methodology was included as Option A in the way forward on the potential RRM/Demod baseline test [2]. In this contribution, Option A and its application for Rel-15 performance testing is discussed further. Extensions for future releases and higher ranks are also addressed.
Discussion
 Test system description
In the following, the application of Option A [2] for Rel-15 is described. It has been agreed that in Rel-15 the largest required DUT rank for testability is 2. Application for higher ranks is discussed in 2.3. 
In Option A measurement methodology the fading channel, the transmit and receive antennas are emulated in the channel emulator. The transmit antenna configuration should be provided by the channel models. The receive antenna radiation pattern should either be measured or provided by the DUT vendor in the first stage. In order to achieve quasi-conducted condition, i.e. identity matrix for OTA MIMO measurement in the anechoic chamber in the second stage, the channel between the probe antennas inside the chamber and the DUT receivers should be measured and calibrated out for the measurement using spatial multiplexing in order to achieve isolation between the downlink streams in the anechoic chamber.
This process is not exact so the ideal isolation between the probe signals and receivers is not possible; however, measurements have shown that sufficient isolation is achievable for most devices in order not to impact the throughput test results. The isolation that can be achieved is optimized by using orthogonal polarizations for the probe antennas and selected DUT orientation in the second stage. Improved isolation will be achieved by choosing a DUT orientation that avoids nulls in the antenna pattern. This precoding recreates the equivalent of the isolated cable conducted conditions at the receiver and simultaneously taking into account radiated self-interference of the DUT RF front.
In general, the number of probe antennas required in the chamber is larger or equal to the number of the DUT receivers. It is FFS what isolation will be required for future releases, currently a 15 dB isolation of the streams is deemed sufficient. 
[image: ]
Figure 1 Schematic overview of Option A: Test setup with baseband emulation of Multi-AoA [2]

The steps for the measurement procedure are summarized in the following:
· Measure the far-field DUT antenna radiation pattern in the anechoic chamber:
· Set and lock the DUT beam with a beam index. 
· Alternatively, if available, the vendor provided antenna pattern can be used. In this case this step is not required.
· Measure DUT’s multiple antenna radiation patterns, in case of antenna arrays, measure the combined antenna array radiation pattern per receiver. 
· Calibration of the DUT antennas and the anechoic chamber transmission channel
· Measure the transmission channel between the probe antennas and the DUT antennas/antenna arrays
· Apply the inverse of the measured transmission channel in the previous step to the probes
· Position the DUT or the probe antennas for best achievable isolation of the MIMO streams
· Convolve the measured antenna radiation patterns with the emulated channel model in the channel emulator
· Repeat the above steps for the required beam indices

[bookmark: _GoBack]As a test setup it is possible to reuse the already approved RF baseline test setup as described in [5] and shown in Figure 2.
[image: ]
Figure 2 RF baseline test setup according to [5]

 Test scenarios covered by the system 
With Option A [2] test system methodology any channel model can be supported, in particular Geometry-based Stochastic Models (GSCM) and their extensions to 3D geometry [3][4] can be simulated easily without the need for channel model simplifications needed for Option B [2].
Test requirements are not yet finalized, thus the following is only based on assumption of test scenarios that might be required.
Possible test scenarios
CDL models as given in [3]
The CDL models for LOS and NLOS can be emulated without a restriction on the number of the different arrival angles (AoAs and ZoAs). In addition, any angular spread can be supported.
Mobility scenarios as described in [3] can be emulated for a specific beam configuration
Mobility scenarios assuming a temporal change of the receiver channel, i.e. cluster powers, delays, AoAs and ZoAs as well as the number of clusters, can be emulated with relatively low complexity.


Test scenarios with interfering cells
Typical demod scenarios usually involve interference, often in the form of interfering cells. Such an interference can be simulated in the channel emulator. 
Active beam-steering/tracking scenarios
It is still unclear which active beam-steering test requirements will be specified. Assuming AWGN conditions or reduced complexity channel models, dynamic beam-steering scenarios can be emulated with the available probes, i.e. 2 or higher number for future releases.
[bookmark: _Ref492627002]Application for future releases
Requirements for higher rank receives in future releases are expected. The extension of Option A test system for higher ranks is possible. This extension will require an increase of the chamber probe antennas which should be equal to or larger than the receiver rank. While in future releases higher ranks might apparently seem challenging to test with the discussed methodology, it is expected that better isolation will be achieved for channels with higher ranks for mm-wave (range 2) than sub6 (range 1) due to DUT antenna beamforming.  

Summary
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In [2] two possible baseline Demod test system methodologies have been proposed. In this contribution the application of Option A is discussed. Applying Option A for Rel-15 measurement and further releases is possible. Although not yet finalized, expected test scenarios are possible to carry out with the suggested methodology involving relatively low complexity. CDL channel models and mobility scenarios provided in [3] are possible to emulate. In addition, active beam-steering/tracking test scenarios are also possible to emulate if simplified scenarios are required. It has also been discussed that Option A is extendable for higher rank DUTs.
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