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1.	Introduction
This contribution introduces a result of our investigation regarding an influence to the OTA measurement when multiple antennas are arranged as different feed antennas in the FR2 IFF (In-direct Far Field) chamber, such as in-band, spurious and antenna as SCell (or blocker).  
 
2.	Discussion
 A root motivation of this investigation is coming from a demand of flexibility with an IFF OTA test system for multiple test cases including future requirements such as inter-band CA in FR2. To maintain a compatibility with the existing RF single carrier TRx tests, and also to reduce a number of required OTA test systems as minimum as possible, we consider it is important to investigate a capability to calibrate the test system which incorporates multiple measurement antennas.
Observation 1: It is important that the FR2 OTA test system has a capability of its calibration incorporating multiple measurement antennas to maintain a compatibility and a flexibility to multiple test cases.
 A companion paper to consider a test system configuration of the inter-band CA test case and its considerable limitation are also provided [1].

2.1 Transmitted signal measurement (S21)
 To confirm an influence of offset antennas to measurement results, first we conducted an evaluation of S21 with / without multiple feed antenna arrangement conditions. Test configurations are summarized in table 2.1-1 as follows.
Table 2.1-1: S21 test configurations
	Items
	Configurations

	Evaluation method
	Comparison of S21 with/ without offset antenna conditions

	Test frequency
	23.45 GHz, 40.8 GHz

	Reference antenna position
	P1 to P5 (Measurement with a plane which includes P1 as a center of quiet zone. Refer to Appendix A for positions of a reference AUT.)

	Reference antenna direction
	Only forward facing direction (i.e. direction to reflector)
 = 0 and  = 0 degrees as described in TR38.810 [2] Annex D.2.7.2)

	Reference antenna characterization
	WR-34 horn antenna, 30 degrees HPBW typical.


Combinations between in-band antenna, offset (blocker or spurious) antenna, and conditions of offset antenna arrangement are shown in Table 2.1-2. Note that only the in-band antenna was placed for Case A measurement in Table 2.1-2. Also note that the offset antenna to provide signals as a secondary cell can also be assumed as a blocker antenna.



Table 2.1-2: Evaluated S21 and combinations of in-band antenna and offset antenna arrangement
	Feed antenna
	Without offset antennas
	With offset antennas

	In-band 
	Case A
	Case B

	Secondary in-band/ Blocker
	N/A
	Case C


 An arrangement of the in-band and the offset antenna is shown in Figure 2.1-1. Note that other antennas for spurious emission measurement are omitted from the figure but they are actually arranged around the in-band antenna.
65 mm
30 mm
In-band
Offset antenna (SCell/ Blocker)

Figure 2.1-1: Arrangement of in-band antenna (center) and offset antenna
Figure 2.1-2 shows the configuration of the measurement between the reference AUT and feed antennas in case A, B and C at positions from P1 to P5. And figure 2.1-3 and 2.1-4 show the results at P1 with two polarizations. 
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Figure 2.1-2: S21 measurement configuration from P1 to P5 (side view)


Figure 2.1-3: S21 measurement results at P1 with horizontal polarization

Figure 2.1-4: S21 measurement results at P1 with vertical polarization
Looking at a relationship between case A and B, it is showing a similar tendency but there is a slight difference in a level. Therefore we observe that there is a possibility of a mutual coupling effect between the in-band antenna and antennas arranged in a vicinity of the in-band antenna. 
Observation 2: There is a possibility that an influence of a mutual coupling effect can be seen in a case offset antennas are arranged in a vicinity of the in-band antenna.
Next for a relationship of case A and C, it also showed a similar tendency, but the difference of level was approximately 2 to 3 dB maximum (depend on positions of reference AUT). Therefore we expect that there is a gain loss of AUT at case C due to a shift of a focal point from the offset antenna in addition to the mutual coupling. To confirm a trend of the results, we compared the differences between case A and C for each reference AUT position. Figure 2.1-5 to figure 2.1-8 show the comparison at each measurement position from P1 to P5. 
From these results, P2 has the biggest error, where we see the tendency matches to the associated angular error between the offset antenna and AUT. (P2 has the biggest angular error from the offset antenna.)
Observation 3: Reduction of gain with the AUT due to the offset antenna measurement was approximately 2 to 3 dB at the worst case.
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Figure 2.1-5: Comparison of S21 at each AUT position (23.45 GHz, Horizontal polarization)
[image: ]
Figure 2.1-6: Comparison of S21 at each AUT position (40.8 GHz, Horizontal polarization)
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Figure 2.1-7: Comparison of S21 at each AUT position (23.45 GHz, Vertical polarization)
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Figure 2.1-8: Comparison of S21 at each AUT position (40.8 GHz, Vertical polarization)
For additional information, Figure 2.1-9 depicts the analysis of the angular error between the offset antenna and the actual focal point.

Figure 2.1-9: Angular error of offset antenna focal point (top view)
Here on condition that the offset antenna is arranged just in parallel with the in-band antenna, a delta from the center of quiet zone can be calculated as follows.
= tan-1 /f = approx. 3.7o 
’ = f’*tan  -  = approx. 29 mm
The results obtained above have slightly large losses depending on the positions of AUT (P1 to P5), which might show an increase of the measurement uncertainty called quality of the quiet zone. However we assume that we will be able to reduce this gain loss of AUT by following optimizations with antenna arrangement, reflector and chamber design.
· Reduce the offset distance of secondary in-band antenna (this value depends on the design in each company)
· Place the DUT positioner closer to a reflector
· Adjust a direction (tilt) of the offset antenna to shift a peak of amplitude taper in the quality of quiet zone
· Extend a length of paraboloid of revolution with a reflector
 Also the gain reduction of AUT can be calibrated by measuring the power difference received by AUT at the center of the quiet zone during the calibration process. Therefore we assume that we will be able to achieve a similar measurement with single carrier cases by these optimizations of design and calibration.
Observation 4: The gain reduction of reference antenna in a case of measurement from the offset antenna can be reduced by an optimization of chamber / antenna arrangement / reflector design and also by a calibration of the loss at the center of the quiet zone.
However there is one factor that we cannot calibrate out by the optimizations above. It is a gain reduction of an antenna in the actual UE which is caused by the same angular error from the offset antenna. Input from the OEM is appreciated whether a significant impact can be expected by the angular error described above 
Observation 5: Input from the UE vendor/ chipset vendor is appreciated whether a significant impact can be expected by the angular error from the offset antenna (approx. 2 to 4 degrees’ angular error at the center of QZ).

2.2 Electromagnetic field simulation to confirm mutual coupling
 To confirm the influence of mutual coupling under an existence of the offset antennas in vicinity (related to observation 2 above), next we simulated a beam pattern of a feed antenna to see if there may be any changes. Figure 2.2-1 shows results of cases with / without aluminum blocks at both sides of a feed antenna. (Source beam from reference AUT is a horizontal polarization.) And Figure 2.2-2 also shows results with an aluminum block arranged above a feed antenna. (Source beam from reference AUT is a vertical polarization.) 
[image: ][image: ]
Figure 2.2-1: Simulation results of beam pattern with / without aluminum blocks at both sides of a feed antenna 
(Top view. Left – no blocks, Right – two blocks at both sides of a feeder)
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Figure 2.2-2: Simulation results of beam pattern with / without an aluminum block above a feed antenna 
(Side view. Left – no blocks, Right – a block above a feeder)
 Also E-plane/ H-plane cut beam patterns of above simulation results are shown from figure 2.2-3 to 2.2-6.
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Figure 2.2-3: E-plane cut beam pattern of figure 2.2-1 with two blocks (Horizontal polarization source)
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Figure 2.2-4: H-plane cut beam pattern of figure 2.2-1 with two blocks (Horizontal polarization source)
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Figure 2.2-5: E-plane cut beam pattern of figure 2.2-2 with a block (Vertical polarization source)
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Figure 2.2-6: H-plane cut beam pattern of figure 2.2-2 with a block (Vertical polarization source)
With these results above, we observed that there are influences of mutual coupling by the aluminum blocks (i.e. offset antennas have influences to the in-band antenna) but this influence is limited.  
Observation 6: By an electromagnetic field simulation, in a case aluminium blocks are arranged at both sides of the in-band antenna, the mutual coupling effect was observed with the horizontal polarization source from the feed antenna, and the gain of the in-band antenna increased approx. 0.25 dB at 23.45 GHz. Influence of aluminum blocks is small with the vertical polarization source (< 0.1 dB). 
Observation 7: In a case an aluminum block is arranged above the in-band antenna, the mutual coupling effect was observed with both the horizontal and vertical polarization sources, and the gain of the in-band antenna varied approx. 0.2 dB at 23.45 GHz within +/- 10 degree range.
 Anyway even though we can observe the influence of mutual coupling, we consider that this effect can be included in an evaluation process of the quality of quiet zone.
2.3 Summary
[bookmark: _GoBack]With the evaluations, simulations and observations above, we consider that the test configuration with multiple offset antennas has a high possibility to carry out FR2 TRx test equivalent to test configurations with a single feed antenna. 
Observation 8: Though a gain reduction of the reference antenna caused by an offset of feed antennas can be observed, it is possible to minimize this influence by a proper design in a chamber and also the calibration of the loss with the reference antenna at the center of the quiet zone. Necessity of the additional MU with regards to the gain loss of the reference antenna or the antenna in a UE is FFS.
Observation 9: Though a mutual coupling occurs by the existence of offset antennas, it is possible to calibrate out this influence by including it as the QoQZ measurement uncertainty.

Proposal 1: Interested companies are encouraged to bring views on the impact of the angular error to the UE caused by the offset antenna measurement. 


3. Conclusion
In this contribution we reported our evaluation and simulation results of test configurations with multiple offset antennas.
Observation 1: It is important that the FR2 OTA test system has a capability of its calibration incorporating multiple measurement antennas to maintain a compatibility and a flexibility to multiple test cases.
Observation 2: There is a possibility that an influence of a mutual coupling effect can be seen in a case offset antennas are arranged in a vicinity of the in-band antenna.
Observation 3: Reduction of gain with the AUT due to the offset antenna measurement was approximately 2 to 3 dB at the worst case.
Observation 4: The gain reduction of reference antenna in a case of measurement from the offset antenna can be reduced by an optimization of chamber / antenna arrangement / reflector design and also by a calibration of the loss at the center of the quiet zone.
Observation 5: Input from the UE vendor/ chipset vendor is appreciated whether a significant impact can be expected by the angular error from the offset antenna (approx. 2 to 4 degrees’ angular error at the center of QZ).
Observation 6: By an electromagnetic field simulation, in a case aluminium blocks are arranged at both sides of the in-band antenna, the mutual coupling effect was observed with the horizontal polarization source from the feed antenna, and the gain of the in-band antenna increased approx. 0.25 dB at 23.45 GHz. Influence of aluminum blocks is small with the vertical polarization source (< 0.1 dB). 
Observation 7: In a case an aluminum block is arranged above the in-band antenna, the mutual coupling effect was observed with both the horizontal and vertical polarization sources, and the gain of the in-band antenna varied approx. 0.2 dB at 23.45 GHz within +/- 10 degree range.
Observation 8: Though a gain reduction of the reference antenna caused by an offset of feed antennas can be observed, it is possible to minimize this influence by a proper design in a chamber and also the calibration of the loss with the reference antenna at the center of the quiet zone. Necessity of the additional MU with regards to the gain loss of the reference antenna or the antenna in a UE is FFS.
Observation 9: Though a mutual coupling occurs by the existence of offset antennas, it is possible to calibrate out this influence by including it as the QoQZ measurement uncertainty.

Proposal 1: Interested companies are encouraged to bring views on the impact of the angular error to the UE caused by the offset antenna measurement. 
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5.	Appendix
Appendix A	Reference AUT Measurement Positions
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Figure A-1: Reference AUT Measurement Positions for combined-axes system (extracted from TR38.810)

Appendix B Image of multiple feed antenna arrangement
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S21 [dB]
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