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1.	Introduction
At the RAN #95-e meeting (2022 Mar), study item on NR FR2 OTA testing enhancements [1] was approved. The objectives within this SID are extracted below for reference.  
In this contribution we show our views on the practical RF OTA test setup for a device with the simultaneous multiple AoA reception. 
	Extract from SID [1]
The objectives for FR2-1 OTA testing for UEs with multi-panel reception and 4DL layer are as follows.
· Define a test methodology for RF/RRM/Demodulation requirements testing for devices that can receive simultaneously from multiple Angle of Arrival (AoA)
· The multiple AoA test setup should enable testing of up to 2 DL Layers with dual polarization for each angle
· For RRM, the target should be to allow testing of 4 AoAs with 2 simultaneously active AoAs 
· Define a test methodology for up to 4 DL MIMO layer demodulation testing
· Note: Revisit whether or not to include the case of transmitting simultaneously in RAN#97
· Note: Revisit whether or not to include other number of AoAs in RAN#97
· Smartphone form factor should be the first priority, other UE types should also be discussed as 2nd priority
· Develop the related preliminary uncertainty assessments for the test methodologies
· FR2 test methods defined in TR 38.810 and TR 38.884 should be used as the baseline. 
· The tests shall take the test system reuse, test system complexity and test time into account to keep the whole test costs within a reasonable level.




2.	Discussion
2.1 Considerations on the Rx RF test setup for 2AoA – Method 1 with 2 IFF
 Until Rel-17, we have only indirect far field (IFF) test systems in the market as the permitted test method of FR2 TRx OTA tests except for the MIMO OTA chamber. This is based on the idea that we test the DUT by the black box manner as much as possible. Hence when we consider the objectives of this SI, a straightforward solution to achieve RF tests under the 2AoA condition is to equip a system with at least two sets of antenna and reflector in a chamber, depicted in Figure 2.1-1 and 2.1-2. However, compared with the existing OTA test systems, the second reflector, an additional slider to fix the reflector, and FR2 measurement antenna are necessary. It is also important to note that the number of additional antennae from the second AoA depends on test cases to support with this 2AoA condition (e.g. an additional antenna for blocker may also be necessary). Considering the existing variety of FR2 test systems for SISO TRx, 2AoA RRM and MIMO OTA, also the complexity of the test setup to achieve the simultaneous 2AoA Rx tests, it is questionable that another new kind of test setup is achievable or acceptable in the market. Thus, we’d like to consider the dedicated test setup with a rather simplified configuration. And it is preferrable that one of the connections from 2AoA is made like the existing LTE anchor, or even not necessary by a support of a test command.     
Observation 1: Current FR2 OTA measurements for TRx RF is testable only by the IFF for the sake of the black box test.
Observation 2: The number of additional antennae from the second AoA depends on the test cases to support with the 2AoA condition (e.g. an additional antenna for blocker may also be necessary)
Observation 3: It is questionable that another test system for FR2 RF 2AoA with 2 reflectors with a slider is achievable or acceptable in the market.  
Proposal 1: Consider the dedicated test system for FR2 Rx 2AoA with a simplified configuration.
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Figure 2.1-1: Distributed-axes system for 2AoA FR2 RF test (Method 1)
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Figure 2.1-2: Combined-axes system for 2AoA FR2 RF test (Method 1’)

2.2 Views on simplified 2AoA FR2 Rx RF test systems
 To achieve the simplified RF test configuration with 2AoAs, we’d like to show our 2 ideas. One is a setup with physical antennae including the direct far field (DFF) antenna as the NR anchor, and the other is to achieve the tests by introducing a new test command to fix an active panel in a UE.  
Method 2: Test systems with the IFF and DFF antennae as the second AoA NR anchor 
 We show our ideas to achieve 2AoA Rx RF tests with physical antennae at figure 2.2-1 and 2.2-2 as follows. Figure 2.2-1 is a setup with the IFF and a DFF antenna as the NR anchor, fixed on a slider to provide flexible AoAs. Due to a role of the DFF antenna as the NR anchor, we need to carry out tests sequentially to obtain RF measurement results from 2AoAs. And since there is still the additional positioner and slider to fix the DFF antenna, the system complexity is increased compared to the existing 1 AoA RF test setup. 
Observation 4: Test system with the IFF and the DFF antenna can reduce the second reflector. But it still has a complexity compared to the existing 1 AoA RF test setup since it requires the second positioner.
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Figure 2.2-1: 2AoA RF test system with a DFF antenna as NR anchor (Method 2-1)
 Next figure 2.2-2 is a setup with multiple DFF antennae to reduce even the second positioner from the system. This will enable us to reduce the complexity and can have a chance to reuse the RRM 2 AoA test setup.
Observation 5: A setup with multiple DFF antennae may have a chance to reduce the system complexity and to reuse 2 AoA RRM test setup.
 However, we cannot know an exact place of active antenna panel in a DUT during the tests as long as we keep the black box test approach. So regardless with the test systems (i.e. figure 2.2-1 and figure 2.2-2), there is a need to consider test procedures further to ensure that we measure the RF characteristics of each antenna in the DUT by the IFF antenna. Also a way to maintain links from both of 2 AoAs needs a further study as well.
Observation 6: There is a need to consider test procedures further to ensure that we measure the RF characteristics of each antenna in the DUT by the IFF antenna.
 Method 3 below is a different approach from the systems with multiple physical antennae which we discussed above. 
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Figure 2.2-2: 2AoA RF test system with fixed 3 DFF antennae as NR anchor (Method 2-2)

Method 3: Sequential tests by introducing a new test command to fix an active antenna in the DUT
 Figure 2.2-3 shows the idea of the different approach to enable measurements with each antenna in the DUT. Though this method cannot test a behaviour of the DUT under the 2 AoA DL condition, by introducing a dedicated new test command to fix the active antenna panel in the DUT, we can measure all the RF characteristics of the DUT without increasing the complexity of the 1 AoA IFF test system. It can also ensure that we measure performance of each antenna while keeping the black box approach. (No need of declaration of antenna panel position.)  
Observation 7: An existing 1 AoA IFF test system can be used by introducing the dedicated test command to fix the active antenna panel in the DUT.
Observation 8: Method 3 can maintain the black box approach.
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Figure 2.2-3: Tests by a new test command to fix the active antenna in the DUT (Method 3)
 Table 2.2-1 summarizes the comparison of the test systems we discussed above. Since we haven’t discussed all the test cases to be covered by these test systems, it is premature to decide the test system setup at this moment. But from the expected market demand to minimize a variety of test systems for FR1 and FR2, we suppose the method 2-2 with multiple DFF antennae (i.e. figure 2.2-2) or method 3 (figure 2.2-3) are the practical solutions, and should be aimed for now. 
Proposal 2: RAN4 aim the method 2-2 or method 3 for the 2AoA RF tests.

Table 2.2-1: Comparison of test methods for FR2 2AoA Rx measurements
	Methods
	Pros
	Cons
	Remarks

	Method 1, 1’
(2 x IFF)
	Possible to test multiple UE panels  simultaneously with 2 AoAs.
	Complex system configuration.
Huge chamber size.
Concern with the feasibility.
	

	Method 2-1
(IFF + DFF with a slider)
	Possible to test 2 AoAs sequentially
Reduced system complexity 
	Still a little complex system.
Need to study test procedures to ensure testing each active panel by IFF test antenna.
	Complexity is smaller than Method 1 or 1’.
Second AoA test antenna is used as NR anchor.

	Method 2-2
(IFF + fixed 3 DFFs)
	Possible to test 2 AoAs sequentially.
Further reduced system complexity and chance to reuse 2AoA RRM system. 
	Need to study test procedures to ensure testing each active panel by IFF test antenna.

	Second AoA test antenna is used as NR anchor. 

	Method 3
(Test command)
	Active antenna panel can be fixed.
Chance to reuse 1 AoA RF test system. 
	Need a new test command.
No simultaneous 2 AoA connection (*1)
	*1: Test procedure depends on the command. 



2.3 Reference coordinate system with 2 AoA test antennae
 This is a different discussion from above, but it might be necessary in a case we decide to measure multiple antenna panels simultaneously. As shown at the left side of the figure 2.3-1 below, which is the extract of TR 38.810 [4], and also shown in the figure 2.3-2, we designed our test systems to align the horizontal and vertical polarization plane of the test antennae with the reference coordinate system for 1 AoA setup. When we consider the test setup for 2AoAs, this also may need to be cared to maintain both of polarization planes from AoA 1 and AoA2.
Observation 9: Current FR2 TRx RF test system is designed to align polarization planes of the test antenna with the reference coordinate system.  
Observation 10: Reference coordinate system may need to be cared also for the 2 AoA RF test setup.
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Figure 2.3-1: Reference coordinate system of the DUT and test antenna polarization (1)
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Figure 2.3-2: Reference coordinate system of the DUT and test antenna polarization (2)
 As can be seen in figure 2.3-3, to keep the alignment of both polarization planes from AoA 1 and AoA2, center of rotation axes (i.e. F1 and F2) have to be in the same direction.
Observation 11: Center of rotation axes have to be in the same direction to keep alignment of both polarization planes from AoA1 and AoA2. FFS if this has to be applied in a case that either of the DL signal is just an anchor.  

[image: グラフ, ダイアグラム, レーダー チャート

自動的に生成された説明]
Figure 2.3-3: Alignment of polarization planes from 2AoAs (Left: aligned, Right: F1 tilted) 


3. Conclusion
In this contribution we showed our views on the practical RF OTA test setup for a device with the simultaneous multiple AoA reception. 
Observation 1: Current FR2 OTA measurements for TRx RF is testable only by the IFF for the sake of the black box test.
Observation 2: The number of additional antennae from the second AoA depends on the test cases to support with the 2AoA condition. (e.g. an additional antenna for blocker may also be necessary)
Observation 3: It is questionable that another test system for FR2 RF 2AoA with 2 reflectors with a slider is achievable or acceptable in the market.  
Proposal 1: Consider the dedicated test system for FR2 Rx 2AoA with a simplified configuration.
Observation 4: Test system with the IFF and the DFF antenna can reduce the second reflector. But it still has a complexity compared to the existing 1 AoA RF test setup since it requires the second positioner.
Observation 5: A setup with multiple DFF antennae may have a chance to reduce the system complexity and to reuse 2 AoA RRM test setup.
Observation 6: There is a need to consider test procedures further to ensure that we measure the RF characteristics of each antenna in the DUT by the IFF antenna.
Observation 7: An existing 1 AoA IFF test system can be used by introducing the dedicated test command to fix the active antenna panel in the DUT.
Observation 8: Method 3 can maintain the black box approach.
Proposal 2: RAN4 aim the method 2-2 or method 3 for the 2AoA RF tests.
Observation 9: Current FR2 TRx RF test system is designed to align polarization planes of the test antenna with the reference coordinate system.  
Observation 10: Reference coordinate system may need to be cared also for the 2 AoA RF test setup.
Observation 11: Center of rotation axes have to be in the same direction to keep alignment of both polarization planes from AoA1 and AoA2. FFS if this has to be applied in a case that either of the DL signal is just an anchor. 
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