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1. Introduction

In 3GPP RAN4 #82, [1] was approved which addresses the FF criteria determined by the well-known equation 2D2^/λ where D is the maximum size of the radiating elements. In 3GPP RAN4 Meeting #82bis [2] was approved which gives the baseline measurement methodology based on a two-probe FF method.

In 3GPP RAN4 WG4 # 83 a simplification process for off-axis measurements of beamlocked UEs was proposed. Also, result of coupling between one link antenna and DUT was shown. The method is applicable to both direct FF and for CATR OTA test methodology. This paper highlights the requirement of placing multiple link antennas which will be required to make sure that DUT has a reliable link.
2. Description
The methodology proposed in [3] is shown as below for recap:
1. Orientate the DUT towards the measurement antenna for the desired angle of measurement
2. Initiate the call using standard adaptive beam forming with the base station emulator connected to the measurement antenna. The DUT will point the beam towards the measurement antenna.
3. Using a TBD procedure, lock the UE beam in this position by disabling adaptive beamforming

4. Pass the base station emulator transceiver to the link antenna 
a. The link antenna can be placed on the UE positioner below the DUT with / without its own independent axis of movement

b. The link antenna can be an omnidirectional / quasi-omni antenna

c. The link antenna may follow the angle of rotation of the DUT

5. Rotate the DUT to make off axis measurements using the measurement antenna

6. Once the measurement is finished then the DUT is rotated to the new angle and the process from Step 1 is repeated
An example of how this might look for the baseline system is given in Figure 1.


Figure 1. Baseline system with beamlock capabilty for off-axis meausrements with one variable probe
The spacing between the link antennas is a function of beamwidth of the link antenna. This can be left to the details of the design of the chamber.  The goal of the link antenna is to maintain the call to the DUT irrespective of the angle of rotation of the DUT and the direction of beam from the DUT.
Below S21 graph shows the coupling between the DUT (22dBi Horn on a ground plane) to the collection of link antennas through combiner. An envelope of coupling through all the antennas to the DUT shows that with multiple link antennas a reliable link can be achieved to DUT.  
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Figure 3. Envelop of worst case Coupling between link antennas and DUT 
3. Conclusions
With multiple link antennas placement, it is possible to get reliable link to the DUT. This can enable use of simplified off-axis measurements for beamlocked UEs.
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