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1.	Introduction
At the RAN4 #104-e meeting in August, we discussed on the candidate test system configurations for an FR2-1 RF device with multi-panel reception [6] based on the SID [1], and the WF was created to compare their pros and cons further in this meeting [5].   
In this contribution we show our views to each candidate option at sub-topic 2-1, issue 2-1-4 in the WF [5]. 

2.	Discussion
2.1 Considerations on Issue 2-1-4 Potential test methods for RF testing in the WF
In this sub-clause, we’d like to discuss pros and cons of each option for test configurations listed in the WF [5].
Option 1(R4-2211549): IFF+IFF with moving reflectors, Test 2 AoAs simultaneously with 2 IFF
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Figure 2.1-1: Distributed-axes system with two moving IFF reflectors
Table 2.1-1: Analysis of distributed-axes system with two moving IFF reflectors
	
	Analyses

	Pros
	Support sufficiently full rotational degrees of freedom with two reflectors.
Lower chances of blocking issue by the positioner compared to the combined axes system. (But still cannot point the second DL signal to the south pole of the sphere.)
Feasible to measure simultaneously from 2AoAs. 

	Cons
	Completely new design with the most complicated structure from the existing RF OTA test systems in the market which will delay the release of dedicated test systems (since the current OTA test system for 1AoA is basically designed based on the combined axes system). 

	Remarks
	Completely full rotational degrees of freedom cannot be supported considering a constraint of reflector size in a case where the reflectors come close (e.g. Not possible to come close the reflectors less than 30 degrees’ relative angle.)
To avoid the interference from the other reflector, care must be taken not to face both reflectors while measuring simultaneously from 2 AoAs.
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Figure 2.1-2: Combined-axes system with two moving IFF reflectors
Table 2.1-2: Analysis of combined-axes system with two moving IFF reflectors
	
	Analyses

	Pros
	Support sufficiently full rotational degrees of freedom with two reflectors.
Feasible to measure simultaneously from 2AoAs. 
Enhancement of existing 1AoA FR2 OTA test systems

	Cons
	Very new design with the most complicated structure from the existing RF OTA test systems in the market which will delay the release of dedicated systems.
Signal blocking issue due to the positioner is anticipated around the range of 150 degrees or more angular offset of 2 AoAs.  

	Remarks
	Similar to the distributed axes system, completely full rotational degrees of freedom cannot be supported considering a constraint of reflector size in a case where the reflectors come close (e.g. Not possible to come close less than 30 degrees’ relative angle.)
To avoid the interference from the other reflector, care must be taken not to face both reflectors while measuring simultaneously from AoA1 and AoA2.




Option 2 (R4-2211549): IFF+DFF, DFF antennae as the second AoA NR anchor

[image: ダイアグラム

自動的に生成された説明]
Figure 2.1-3: 2AoA RF test system with DFF antenna as the second NR anchor on a slider
Table 2.1-3: Analysis of combined-axes system with one DFF NR anchor on a slider
	
	Analyses

	Pros
	Less complicated configuration than option 1 with sufficiently full rotational degrees of freedom.
Enhancement of existing 1AoA FR2 OTA test systems (though it still has another setup to add).

	Cons
	Still complex design from the existing FR2 OTA test systems
Signal blocking issue due to a positioner is anticipated around the range of 150 degrees or more angular offset of 2 AoAs.  
Require sequential measurements for each AoA (longer test time)

	Remarks
	To avoid the interference from the other reflector/DFF antenna, care must be taken not to face both reflector/DFF antenna while measuring from the reflector side.




Option 3 (R4-2211549): IFF+DFF, fixed DFF antennae as NR anchor
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Figure 2.1-4: 2AoA RF test system with IFF+DFF, fixed DFF antennae as NR anchor
Table 2.1-4: Analysis of combined-axes system with IFF+DFF, fixed DFF antennae as NR anchor
	
	Analyses

	Pros
	Less complicated configuration than option 1 and 2 with sufficiently full rotational degrees of freedom from 1 AoA.
Enhancement of existing 1AoA FR2 OTA test systems.
High chance to reuse the existing 2AoA RRM test configuration.

	Cons
	Signal blocking issue due to a positioner is anticipated around the range of 150 degrees or more angular offset of 2 AoA.  
Require sequential measurements for each AoA (longer test time)
Number of AoA combinations is limited. 

	Remarks
	Difference between option 6 could be whether it is feasible to carry out the spherical coverage measurement simultaneously (option 6) or not (option 3).




Option 4 (R4-2211549): Sequential tests by introducing a new test command to fix an active antenna in the DUT 
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Figure 2.1-5: Sequential tests by a new test command to fix the active antenna in the DUT
Table 2.1-5: Analysis of sequential tests by a new test command to fix the active antenna in the DUT
	
	Analyses

	Pros
	Possible to reuse the existing FR2 RF OTA test chamber.
No concerns with the signal blocking issue with two simultaneous signal reception. 
No additional measurement uncertainty value due to the new QoQZ evaluation.
No influences on the other RRM and Demodulation test system configuration.

	Cons
	New test command needs to be implemented in the DUT.
Condition to receive/transmit signals simultaneously from 2AoAs may not be fulfilled.(Depends on the supported function of the new test command.) 
Require sequential measurements for each AoA (longer test time)

	Remarks
	As far as the new RF requirements are defined with only spherical coverage, this method still fulfils the purpose to characterize the DUT supporting multiple-panel reception.  



Option 5 (R4-2211991): IFF+ rotating UE and anchor probe as a whole, the probes are divided into test probe and anchor probe
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Figure 2.1-6: IFF+ rotating UE and anchor probe as a whole
Table 2.1-6: Analysis of IFF+ rotating UE and anchor probe as a whole
	
	Analyses

	Pros
	Possible to reuse the existing FR2 OTA test system with a smaller modification than option 1, 2 and 3.
Little concerns with the signal blocking issue with two simultaneous signal reception. 
If we can reuse the FR2 anchor on the positioner for the TRP measurement, there is no additional measurement uncertainty value needed due to the new QoQZ evaluation.

	Cons
	Fixed offset angle between AoA1 and 2 cannot be maintained.
Require sequential measurements for each AoA (longer test time)

	Remarks
	Further study is necessary if one anchor probe is enough.



Option 6 (R4-2213627): Enhanced IFF method utilizing multiple compact antenna test ranges as per TS 38.508-1, i.e., reuse the legacy RRM test setup 
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Figure 2.1-7: Enhanced IFF method utilizing multiple compact antenna test range
Table 2.1-7: Enhanced IFF method utilizing multiple compact antenna test range
	
	Analyses

	Pros
	Possible to reuse one of the existing FR2 RRM test system.
No additional measurement uncertainty value due to the new QoQZ evaluation (Same value for 2AoA RRM test system).

	Cons
	Number of AoA combinations is limited.
Signal blocking issue due to a positioner is anticipated around the range of 150 degrees or more angular offset of 2 AoAs. 

	Remarks
	Concept is like option 3 while this system can carry out the spherical coverage tests simultaneously from 2AoAs.



2.2 Summary of candidate options
Considering the analyses above, it would be possible to carry out the spherical coverage measurement by all the listed options with some trade-offs. Choice of the dedicated test system would still vary depending on assumptions of test conditions and scenarios for minimum requirements that we clarify within Rel-18 timeframe.  
Observation 1: Choice of dedicated FR2 OTA test system configuration may still vary depending on assumptions of test conditions and scenarios for minimum requirements within Rel-18 timeframe.
From the viewpoints below, our current preference of RF test method is Option 4 (Option 5 as the second choice). 
Viewpoint 1 – Supress a modification and reuse the existing FR2 OTA test system as much as possible while fulfilling the test purpose of the newly introduced spherical coverage requirements.
Viewpoint 2 – Since it is natural that we try to integrate all the test systems for RF, RRM and demodulation conformance tests from the development history until now, the new test configuration should have the least impact on other test setups for RRM, demodulation and even for the extreme temperature condition tests.
Viewpoint 3 – TTM of the dedicated test system should be kept in mind for a timely deployment of the 5G advanced network in the field. 
Observation 2: Option 4 (Sequential tests by introducing a new test command to fix an active antenna in the DUT) is preferred for the RF test of a device with multi-panel reception. Option 5 (IFF+ rotating UE and anchor probe as a whole) is the second choice.
One of the key points to consider option 4 as sufficient or equivalent to other test methods would be to study further on the way we calculate the obtained sequential test results at the post-process.
Observation 3: To consider option 4 as sufficient or equivalent to other test methods, further study is necessary on the way to calculate the obtained sequential test results at the post-process.   
Next when we consider the development of dedicated test system, it is essential that we clarify all the assumptions of RF, RRM and demodulation test scenarios to choose the minimal but mandatory set of required test configurations. Thus it is preferable that we defer the decision of test method/configuration until we clarify all the requirements and conditions for RF/RRM/Demodulation including Tx related requirements. There are otherwise concerns that we may need to choose an unnecessarily rich test system, or repeat another discussion soon if we decide each dedicated test configuration per RF, RRM and demod indipendently.
Observation 4: It is preferable that we defer the decision of test method/configuration for new requirements until we clarify all the requirements, assumption of test purposes and test conditions for RF/RRM/Demodulation including Tx related requirements.

Below is a supplemental information for the work item of multi-Rx chain DL reception, summarized in [7]. 
With regards to the candidate AoA pairs for setting the UE RF requirement, if option 4 can be agreed as the test method, then defining the UE RF requirement with full set AoA1 + full set AoA2 might be possible. Of course we can still have a choice of limited multiple AoAs even with option 4. It is a trade-off between test time. 
Other than the pair above, to achieve the spherical test by option 5, one arbitral AoA1 within the other side of the hemisphere from AoA2 + full set AoA2 is preferred. The condition of one fixed AoA1 (e.g. beam peak) + full set AoA2 would require a complicated test system which requires to follow the beam peak angle along with the rotation of DUT.

3. Conclusion
In this contribution we showed our analysis and views on the RF OTA test setups for a device with the simultaneous multiple AoA reception in Rel-18.
Observation 1: Choice of dedicated FR2 OTA test system configuration may still vary depending on assumptions of test conditions and scenarios for minimum requirements within Rel-18 timeframe.
Observation 2: Option 4 (Sequential tests by introducing a new test command to fix an active antenna in the DUT) is preferred for the RF test of a device with multi-panel reception. Option 5 (IFF+ rotating UE and anchor probe as a whole) is the second choice.
Observation 3: To consider option 4 as equivalent to other test methods, further study is necessary on the way to calculate the obtained sequential test results at the post-process.   
Observation 4: It is preferable that we defer the decision of test method/configuration for new requirements until we clarify all the requirements, assumption of test purposes and test conditions for RF/RRM/Demodulation including Tx related requirements.
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