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Introduction
The summary is to discuss Rel-18 SI on NR FR2 OTA testing enhancements and it covers the contributions submitted under the following agendas:
· 6.5.2 Test methods for RF/RRM/Demodulation requirements
· 6.5.3 Test uncertainty assessments
It is appreciated that the delegates for this topic put their contact information in the table below.
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Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
Topic #1: Test methods for RF/RRM/Demodulation requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2215540
	Keysight Technologies
	Observation 1: The 2 AoA capable test method, Direct Far Field (DFF) test method, was initially considered for UE RF testing but later discarded as suitable/practical baseline methodology
Observation 2: The positioning requirements to accurately position probe(s) along two principal axes in 3D yield a very high positioning complexity
Observation 3: Measurement setups with full degrees of freedom for each probe require very large footprints and heights of chambers.
Observation 4: Measurement setups with full degrees of freedom for each probe cannot be upgraded from existing test systems.
Observation 5: Measurement setups with full degrees of freedom for each probe require significant development lead times.
Observation 6: Measurement with full degrees of freedom for each probe likely yield an increase in total system complexity, measurement uncertainties, and test tolerances.
Observation 7: Measurement setups with full degrees of freedom for one probe & DUT require very large footprints and heights of chambers.
Observation 8: Measurement setups with full degrees of freedom for one probe & DUT cannot be upgraded from existing test systems.
Observation 9: Measurement setups with full degrees of freedom for one probe & DUT require significant development lead times.
Observation 10: Measurement with full degrees of freedom for one probe & DUT likely yield an increase in total system complexity, measurement uncertainties, and test tolerances.
Observation 11: The minimum angular separation between IFF (DFF) probes is ~30° (~5°) which could be problematic for IFF-based methodology if similar spherical coverage testing requirements are necessary for 2 AoAs as for current 1 AoA spherical coverage test cases.
Observation 12: The test effort/test time increase for the 4-DL/4-UL multi-chain spherical coverage tests based on full degrees of freedom for each AoA is tremendous.
Observation 13: A system with full degrees of freedom for the 1st DL/UL direction and discrete, fixed AoAs for the 2nd DL/UL direction could be leveraged/re-used from existing FR2 OTA test system with little to no modifications
Observation 14: The test effort for the 4-DL multi-chain spherical coverage test based on full rotational freedom for AoA1 with fixed and discrete AoA2 is manageable.
Observation 15: For 2 AoA RRM testing, it is acceptable not to define absolute probe locations given the nature of RRM test case requirements and test procedures.
Observation 16: The wireless cable mode can be established readily for FR1 4-DL MIMO with limited sets of AoAs.
Proposal 1: Do not deem a 4-DL (4-UL) spherical coverage test with full degrees of freedom for each AoA feasible for complexity, chamber footprint/height, lack of upgradeability of existing system, development lead time, increased measurement uncertainty/test tolerance, and test effort/test time reasons.
Proposal 2: Consider a test system with full rotational freedom for AoA1 and with fixed, discrete AoA2 for a 4-layer spherical coverage test with two performance metrics: CDF of EISAoA1 and CDF of the maximum TPAoA2.
Proposal 3: Consider a wide range of AoA angular differences between AoA1 (full degree of freedom) and AoA2 (limited, fixed degree of freedom)
Proposal 4: For multi-panel UE RF spherical coverage test cases utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom, absolute probe locations must be defined to guarantee different system vendors yield the same results.
Proposal 5: Consider a system utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom as starting point for FR2 4-DL demodulation testing.
Proposal 6: Do not preclude 4-layer demodulation testing in the NF.

	R4-2215658
	Apple
	Observation 1:	The test equipment vendor feedback on the feasibility of supporting full rotational degrees of freedom for simultaneously two active AoAs in RF testing is aligned in expressing concerns with the potential test system complexity.
Observation 2:	From the UE perspective, and assuming symmetric panel capabilities, the difference between AoA1 and AoA2 can be constrained to > 90 and < 270 degrees.
Observation 3:	For the purpose of defining the minimum requirement on multi-Rx DL reception, the side conditions on the candidate AoA pairs, shall consider AoA distributions from system level simulations based on common network deployment assumptions.
Observation 4:	RAN4 should consider “Full set AoA1 + limited set AoA2” as an option to select the candidate AoA pairs for setting the UE RF requirement, where the limited set of AoA2 can follow Observation 3.
Observation 5:	Further discussion of the quiet zone MU definition and validation procedure is needed.

Proposal 1:	Further test equipment vendor feedback on the feasibility of the “Full set AoA1 + limited sset AoA2” option is requested to continue to evaluate the feasibility of selecting candidate AoA pairs.
Proposal 2:	Quiet zone should be verified for each AoA, and the worst-case intersection used as the quiet zone of the system.
Proposal 3:	Further discussion on the potential applicability of the legacy FR2 RRM test setup to the multi-panel reception RRM requirements is needed once the core work item achieves agreements on the corresponding side conditions.
Proposal 4:	It is beneficial to seek an incremental enhancement of the Rel-15 demodulation test setup which can enable the necessary AoA control for both AoA1 and AoA2 directions.


	R4-2215703
	Samsung
	Proposal 1:	RAN4 to study the feasibility of full degree of rotation freedom based on the following interpretation: full degree of rotation freedom with 2AoA means that the two probes can be located onto any pair of different measurement grid points with the exception when the angle separation between the 2AoA is smaller than a minimum solid angle threshold.
Proposal 2:	when discussing the full degree of rotation freedom with 2AoA, the 2AoA directions are with reference to DUT.

	R4-2215711
	Anritsu Corporation
	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 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.   
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.

	R4-2216079
	Huawei, HiSilicon
	Propose 1: The test system reuse should be baseline because of the concern that the test system based on Rel-15/16/17 cannot be used any more in Rel-18, which is a large cost burden for UE and TE vendors.
Propose 2: Further, fixed angular separations can be considered as 1st priority for UE RF/RRM/Demod test, and the study on the more flexibility also can be continued at current stage. After the agreement on more flexibility is approved in core part, they need to be further checked.

	R4-2216114  
	vivo
	Observation 1: For IFF+IFF with moving reflectors to support Full 3D-scan of 2AoA testing, then there would be a risk that multipath environment will be generated due to the secondary reflection from another reflector at specific angles. Besides, achieving 2 reflectors with a slider within a reasonable measurement uncertainty is a big challenge for FR2.
Proposal 1: IFF+IFF with moving reflectors to support Full 3D-scan of 2AoA testing should be excluded due to potentially secondary reflection and system complexity. 
Proposal 2: Final decision of test system for FR2 multi-Rx spherical coverage should follow the defined AoA assumptions in UE RF session. 
Observation 2: Without guidance from RRM session it would be hard to make decision on testability/feasibility of test system with proper angular separation for RRM testing. But the testability group can start the study of achievable minimum angular separations of AoAs in multi-antenna DFF system.
Proposal 3: The group can start the study of potential/feasible minimum angular separations of AoAs, on top of defined RRM test method in TR 38.810. 


	R4-2216169
	Xiaomi
	Proposal 1: To focus on 2RX test method enhancement before RAN#98 meeting.
Proposal 2: To reuse the legacy IFF test system as much as possible for the test method enhancement.
Proposal 3: The combination of option 3 and option 6 can be the starting point for the test method enhancement.
Observation 1: The multi-RX AoA angular separation have not reach consensus yet.
Proposal 4: The angular separation should consider both the test capability as well as the core requirement.

	R4-2216415
	Qualcomm Incorporated
	Observation 1: The test setup supporting full degree of rotation freedom with 2AoA is beneficial for UE RF, RRM and Demodulation testing for FR2 multi-Rx UE.
Proposal 1: It is preferred to support full degree of rotation freedom for 2AoAs for Multi-Rx testing which is beneficial for RF, RRM and Demodulation testing.
Proposal 2: RAN4 to analyze the feasibility of supporting full degree of rotation freedom for 2AoAs considering the complexity, cost, testing time, etc., aspects.
Proposal 3: The simplified approach supporting full degree of rotation freedom for AoA1, and fixed AoA2 with more flexibility can be considered as alternative method if supporting full degree of rotation freedom for 2AoAs is not feasible. 
Proposal 4: RRM test setup should support at least 2 simultaneously active AoAs.
Observation 2: The definition of angular offset for multi-panel UE RRM testing would be based on the beam pairs which is different from legacy RRM test setup. The legacy measurement setup with 30°, 60°, 90°, 120°, 150° and 180° angular would lead to improper beam pair selection.
Proposal 5: RAN4 to consider more flexibility on the angular offset for multiple panels for UE RRM requirements testing.
Proposal 6: The selected two test directions for UE demodulation should satisfy REFSENSE requirements and the min. isolation between 2AoAs needs to be discussed. 

	R4-2216450
	OPPO
	Proposal: It is proposed to study Test method 3/5/6 with high priority. And further simplifications on Test method 1/2 are not precluded.

	R4-2216642
	Rohde & Schwarz
	Observation 1: the positioning system to implement full degrees of freedom for a 2 active AoA requires large chambers and are incompatible with existing FR2 conformance test systems.
Observation 2: the additional RF pathloss for a system implementing full degrees of freedom for a 2 active AoA implies large degradation of the dynamic range.
Observation 3: the usage of DFF for any of the 2 active AoA has a major impact on the scalability of the methodology.
Observation 4: the usage of IFF for one or both AoA for a system implementing full degrees of freedom for a 2 active AoA implies even larger chambers and equivalent degradation of the dynamic range.
Observation 5: relative offset between the 2 active AoA in the field is expected to be small and have a restricted difference in elevation.

Proposal 1: RAN4 to consider the implementation of a system enabling full degrees of freedom for 2 active AoA not feasible.
Proposal 2: RAN4 to focus on the reuse legacy RRM test setup already designed for 2 active AoA as per TR 38.810 and TS 38.508-1.
Proposal 3: RAN4 to develop the sequential test approach with test command for testing UEs with multi-panel reception and 4DL layer.
Proposal 4: RAN4 to clarify the baseline assumptions used for requirement development (e.g. relative offset between AoA).




Open issues summary
Sub-topic 1-1
Sub-topic description: The feasibility of measurement setups with full degrees of freedom for each probe.
Issue 1-1-1: The feasibility of measurement setups with full degrees of freedom for each probe
· Proposals: 
· Option 1(Keysight, R&S): Do not consider the measurement setup with full degrees of freedom for each AoA feasible. 
· Option 2 (Samsung): RAN4 to study the feasibility of full degree of rotation freedom based on the following interpretation: full degree of rotation freedom with 2AoA means that the two probes can be located onto any pair of different measurement grid points with the exception when the angle separation between the 2AoA is smaller than a minimum solid angle threshold.
· Option 3 (Qualcomm): RAN4 to analyze the feasibility of supporting full degree of rotation freedom for 2AoAs considering the complexity, cost, testing time, etc., aspects.
Moderator’s note: The minimum angular separation between IFF (DFF) probes is ~30° (~5°) based on the observation 11 of R4-2215540.
· Recommended WF
· TBA
Issue 1-1-2: The positioning system to support full degrees of freedom for each probe
· Proposals
· Option 1 (Keysight): The positioning requirements to accurately position probe(s) along two principal axes in 3D yield a very high positioning complexity
· Option 2 (R&S): The positioning system to implement full degrees of freedom for a 2 active AoA requires large chambers and are incompatible with existing FR2 conformance test systems.
· Option 3 (Samsung): When discussing the full degree of rotation freedom with 2AoA, the 2AoA directions are with reference to DUT.
· Recommended WF
· TBA
Sub-topic 1-2
Sub-topic description: Test methods for UE RF testing.
Open issues and candidate options before e-meeting:
Issue 1-2-1: Measurement setup for UE RF testing 
· Proposals
· Option 1 (Qualcomm): Consider a test system with full rotational freedom for each AoA, i.e., Full set AoA1 + Full set AoA2
· Option 2 (Keysight, Apple, Qualcomm): Consider a test system with full rotational freedom for AoA1 and with fixed, discrete AoA2s
· Option 3 (Anritsu): Consider a test system with full rotational freedom for AoA1 and with fixed single AoA as an anchor.
· Option 4 (Anritsu, R&S): Sequential tests by introducing a new test command to fix an active antenna in the DUT)
· Option 5 (Huawei): The test system reuse should be baseline. Fixed angular separations like either legacy RRM test setup or FR2 MIMO OTA test setup can be considered as 1st priority, and the study on the more flexibility also can be continued at current stage
· Option 6 (R&S): Reuse legacy RRM test setup already designed for 2 active AoA as per TR 38.810 and TS 38.508-1
· Option 7 (vivo): IFF+IFF with moving reflectors to support Full 3D-scan of 2AoA testing should be excluded due to potentially secondary reflection and system complexity.
· Option 8 (Xiaomi): The combination of Test method 3 and Test method 6 can be the starting point for the test method enhancement.
· Option 9 (OPPO): It is proposed to study Test method 3/5/6 with high priority. And further simplifications on Test method 1/2 are not precluded.
Moderator’s note: The options above are not mutually exclusive. Companies can support multiple options. Test method 1-6 in Option 6/7 are corresponding to Option 1-6 listed in Issue 2-1-4 of WF R4-2214357.
· Recommended WF
· TBA
Issue 1-2-2: Test procedure for UE RF testing 
· Proposals
· Option 1(Keysight): Consider a test system for a 4-layer spherical coverage test with two performance metrics: CDF of EISAoA1 and CDF of the maximum TPAoA2
· Option 2: Specify other option if any
· Recommended WF
· TBA

Issue 1-2-3: AoA angular separations for UE RF testing
· Proposals
· Option 1(Keysight): Consider a wide range of AoA angular separations between AoA1 (full degree of freedom) and AoA2 (limited, fixed degree of freedom)
· Option 2 (R&S): RAN4 to clarify the baseline assumptions used for requirement development (e.g. relative offset between AoA
Moderator’s note: The baseline assumptions for RF requirements is supposed to be discussed in RF session. Companies can share the views on the possible min angular separation from testability point of view. 
· Recommended WF
· TBA

Issue 1-2-4: Probe locations for UE RF testing
· Proposals
· Option 1(Keysight): For multi-panel UE RF spherical coverage test cases utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom, absolute probe locations must be defined to guarantee different system vendors yield the same results.
· Option 2: Specify other option if any
· Recommended WF
· TBA

Sub-topic 1-3
Sub-topic description: Test methods for UE RRM testing.
Open issues and candidate options before e-meeting:
Issue 1-3-1: Measurement setup for UE RRM testing 
· Proposals
· Option 1(Qualcomm): Consider a test system with full rotational freedom for each AoA
· Option 2 (Apple): Further discussion on the potential applicability of the legacy FR2 RRM test setup to the multi-panel reception RRM requirements is needed once the core work item achieves agreements on the corresponding side conditions
· Option 3 (Huawei): The test system reuse should be baseline. Fixed angular separations like either legacy RRM test setup or FR2 MIMO OTA test setup can be considered as 1st priority, and the study on the more flexibility also can be continued at current stage
· Recommended WF
· TBA

Issue 1-3-2: AoA angular separations for UE RRM testing
· Proposals
· Option 1 (Qualcomm): To consider more flexibility on the angular offset for multiple panels for UE RRM requirements testing.
· Option 2 (vivo):  To study potential/feasible minimum angular separations of AoAs, on top of defined RRM test method in TR 38.810.
· Option 3 (Xiaomi): The angular separation should consider both the test capability as well as the core requirement.
· Recommended WF
· TBA

Issue 1-3-3: Probe locations for UE RRM testing
· Proposals
· Option 1(Keysight): It is acceptable not to define absolute probe locations given the nature of RRM test case requirements and test procedures.
· Option 2: Specify other option if any
· Recommended WF
· TBA

Sub-topic 1-4
Sub-topic description: Test methods for UE demodulation testing.
Open issues and candidate options before e-meeting:
Issue 1-4-1: Measurement setup for UE demodulation testing 
· Proposals
· Option 1(Qualcomm): Consider a test system with full rotational freedom for each AoA
· Option 2(Keysight): Consider a system utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom as starting point for FR2 4-DL demodulation testing.
· Option 3 (Apple): Seek an incremental enhancement of the Rel-15 demodulation test setup which can enable the necessary AoA control for both AoA1 and AoA2 directions
· Option 4 (Huawei): The test system reuse should be baseline. Fixed angular separations like either legacy RRM test setup or FR2 MIMO OTA test setup can be considered as 1st priority, and the study on the more flexibility also can be continued at current stage.
· Recommended WF
· TBA

Issue 1-4-2: Test directions for UE demodulation testing
·  Proposals
· Option 1(Qualcomm): The selected two test directions for UE demodulation should satisfy REFSENSE requirements and the min. isolation between 2AoAs needs to be discussed.
· Option 2: Specify other option if any
· Recommended WF
· TBA

Issue 1-4-3: Permitted measurement setup for UE demodulation testing 
· Proposals
· Option 1(Keysight): FF (Far-Field) is the baseline and do not preclude 4-layer demodulation testing in the NF (Near-Field).
· Option 2: Specify other option if any
· Recommended WF
· TBA

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Anritsu
	Issue 1-1-1: Support Option 1. We share the same view with Keysight and R&S. Though we don’t say it is impossible, from the viewpoint of cost, complexity, footprint and TTM, we suppose it is practical that we try to reuse the existing test systems as much as possible. 
Issue 1-1-2: Share the same view with option 1 and 2. As for option 3, it would be appreciated if proponents could clarify the required movement of the measurement probes during the spherical coverage tests. While the DUT is rotated for the spherical coverage test, isn’t it enough that the angular offset between AoA1 and AoA2 is maintained (e.g. 90 degrees or 120 degrees)?
Issue 1-2-1: As shown in our contribution (R4-2215711), support option 4 as the first candidate and option 3 as the second. Since I received an inquiry on the idea of the option 3 and 4 before this meeting, I’d like to add supplemental explanation as follows. Apologies for the long texts.
Reason to propose option 4. 
The idea of the new test command (option 4) is coming from our team’s doubt if we really need to provide 2 DL signals simultaneously from our test system to carry out the spherical coverage test for multi-panel reception. In other words, we thought that it might be enough that we only measure the spherical coverage distribution of the UE per antenna panel. So, the concept of our proposed test method with the new test command is a bit extreme idea, assuming only 1 DL signal from AoA1 like we do now with the legacy OTA test system, but the difference is that we fix the antenna panel to be activated in the UE.
The difference between the existing test and the new one is that the current FR2 spherical coverage test is carried out based on the black box approach with which we don’t know how many antenna panels in the DUT are switched during the test for a full/hemisphere.
But if we can have the spherical coverage mapping (or distribution) per antenna panel in the DUT, it is easy to compare the obtained results and judge if the spherical coverage with multiple panels is covering the sufficient different angles. 
However, there are some concerns with this method. It is necessary that especially b) below is clarified. 
a) Test time becomes a multiple of antenna panels. (Time of full sphere spherical coverage times number of antenna panels.)
b) Since there is only one DL signal with this method, in a case if there is any influence caused by 2 RF paths in the DUT, like cross talk between 2 RF paths, then the obtained spherical coverage distribution may not be correctly capturing the 2 simultaneous DL signal situation.  
Reason to propose option3.
In our previous contribution (R4-2211549), our second choice was similar to the option 2 in this issue 1-2-1. Though I agree that this option 2 can be one of the practical solutions while providing 2 simultaneous DL signals to DUT, I have one concern which we’d like to discuss further to confirm the feasibility of this configuration.
If I borrow the figure from the contribution R4-2215540, it can represent the setup of option 2.
[image: ]Phi direction

However, I have one concern that the link between AoA2.x and antenna panel in the DUT may not be maintained when the DUT is rotated 180 degrees along with phi direction to carry out the spherical coverage test. That’s why I proposed option 3, a little more simplified setup of option 2 as the second choice. But there might be a need of another anchor antenna also to maintain the link for AoA2 even with option 3, maybe from the bottom side of the figure above.
Issue 1-2-2: Propose option 2 based on the proposal of option 4 in issue 1-2-1 above. We’d propose sequential tests for each antenna panel in the DUT. In a case the group agrees that the simultaneous 2 DL signals are mandatory as the test setup, we can discuss further with option 1.
Issue 1-2-3: Though we are on the position that we support option 4 in issue 1-2-1 yet, which means the AoA can be only one for the spherical test, we agree that we should clarify the angular separations between AoA1 and AoA2. And from the original motivation of this study item, our understanding is that the angular separation should be wider such as more than 90 degrees.  (e.g. 90 and 120 degrees)
Issue 1-2-4: On condition that the group agrees to apply option 2 at issue 1-2-1 (i.e. a test system with full rotational freedom for AoA1 and with fixed, discrete AoA2s), we agree with option 1.
But if we agree on option 3 at issue 1-2-1 (i.e. a test system with full rotational freedom for AoA1 and with fixed single AoA as an anchor), we suppose the probe location for the anchor can be arbitral as far as the system can maintain the link between the DUT.

	Keysight
	Issue 1-1-1 (The feasibility of measurement setups with full degrees of freedom for each probe): 
Support Option 1 as proponent. We believe that Options 2 and 3 have been analyzed sufficiently already. Specifically, with regards to Option 2, our contribution provided the necessary information on minimum angular separation between probes which indicates that a dual IFF-probe-based system cannot achieve probe locations on neighboring grid points (for PC1&PC3: 15° separation) while a DFF-based system could. With respect to Option 3, we believe that the contribution from KS (as well as R&S and Anritsu) outlined the impact of “full degrees of freedom” on test time, test complexity/cost, time-to-market, MU, etc. and therefore believe that the feasibility has been studied sufficiently. We would like to echo Anritsu comment above, i.e., systems with full degrees of freedom are not impossible but just not practical for this one conformance test case.  
Issue 1-1-2 (The positioning system to support full degrees of freedom for each probe): 
Options 1 & 2: Support as proponents as sample chamber dimensions have been provided by KS and R&S which clearly highlight that new chamber/system development is needed. 
Option 3: Support.
Issue 1-2-1 (Measurement setup for UE RF testing):
Option 1: given the feasibility and test effort analyses provided in KS’s contribution R4-2215540, we believe this option should be discarded for “complexity, chamber footprint/height, lack of upgradeability of existing system, development lead time, increased measurement uncertainty/test tolerance, and test effort/test time reasons”
Option 2: support as proponent
Option 3: we could support this concept but believe that OEMs/chipset vendors would be more interested in multiple AoA2 directions rather than just a single fixed AoA(2) anchor
Option 4: While we were intrigued by this approach during RAN4#104-e, we believe there was sufficient feedback during that meeting from OEMs/chipset vendors opposing this approach?! Given the continued opposition of OEMs to provide declarations about antenna implementations, e.g., number of antennas, antenna locations, etc., for conformance testing, this approach would require OEMs to declare the number of antennas at a minimum and develop/maintain a new test mode for just this one conformance test. In terms of test time/effort, it is not clear whether an N (number of grid points) * M (number of panels/antennas) as highlighted by Anritsu above is sufficient or whether this is rather an N*(N-1) effort (for a two-antenna system) as the EIS performance of AoA2 could be dependent on the direction of AoA1.
Option 5: We support the idea of leveraging existing test systems but do not believe that 2 AoA RRM systems apply as is since the absolute probe locations/directions are not defined/fixed but left to the system vendors. 2 AoA RRM test setups with the same absolute position/direction of at least 2 or 3 (non P0) probes could be considered as a baseline. The FR2 MIMO OTA test setup on the other hand has absolute probe locations/directions defined and can be considered a baseline.  
Option 6: We are concerned with this option. As discussed in our contribution, the definition if absolute probe locations/directions for RRM was not necessary but we believe that these probe locations/directions need to be harmonized for UE RF testing. For 2 AoA RRM systems, the “absolute position of the probes is left up to implementation” which is why those systems are not suitable for multi-Rx UE RF testing is. 2 AoA RRM test setups with the same absolute position/direction of at least 2 or 3 (non P0) probes could be considered as a baseline. 
Option 7: support as proponent to discard “full degrees of freedom” options
Option 8: While Option 3 (from R4-2214357) aligns with the approach proposed by KS in R4-2215540 (“Full Degree of Rotation Freedom for 1st DL/UL direction and discrete, fixed AoAs for 2nd DL/UL direction”), it defines the test methodology: IFF for AoA1 and DFF for AoA2s which we believe is too restricting. With regards to Option 6 (from R4-2214357), as outlined above in Option 6 feedback, 2 AoA RRM systems do not have absolute probe locations/directions defined which makes those systems not applicable as is. 
Option 9: Same concerns as in Option 8. 
Issue 1-2-2 (Test procedure for UE RF testing):
Support Option 1 as proponent.
Issue 1-2-3 (AoA angular separations for UE RF testing): 
Support Option 1 as proponent as well as Option 2 but agree with moderator’s note. 
Issue 1-2-4 (Probe locations for UE RF testing):  
Support Option 1 as proponent, i.e., probe locations/directions must be defined for UE RF test cases to obtain the same results between different test vendors. 
Issue 1-3-1 (Measurement setup for UE RRM testing): 
Support Options 2 and 3 while same concerns voiced in Issue 1-1-1 apply here regarding the full degrees of freedom (Option 1). 
Issue 1-3-2 (AoA angular separations for UE RRM testing):
Support Options 2 and 3. More technical justification might be needed while more flexibility on angular offsets should be considered (option 1). 
Issue 1-3-3 (Probe locations for UE RRM testing)
We are not suggesting to not to define absolute probe locations but merely highlighting that it wasn’t really necessary for 2 AoA RRM testing in the past (while we think it is necessary for UE RF)
Issue 1-4-1 (Measurement setup for UE demodulation testing)
Option 1: same concerns voiced in Issue 1-1-1 apply here regarding the full degrees of freedom. Especially for demodulation, we believe, based on our findings with FR1 4x4 MIMO OTA, that full degrees of freedom for each AoA is overkill. 
Option 2: support as proponent
Option 3: support but “necessary AoA control” should be defined a bit more. 
Option 4: support in principle
Issue 1-4-2 (Test directions for UE demodulation testing):
Option 1: it is not clear whether REFSENS for 1-DL is sufficient and should probably be studied a bit more. The minimum isolation needs to be met not only between 2 AoA but between all 4 branches/4 DL. 
Issue 1-4-3 (Permitted measurement setup for UE demodulation testing):
Support Option 1 as proponent

	Huawei,
HiSilicon
	Issue 1-1-1: 
Support Option 1. We have similar views with TE vendors. Considering the complexity, cost, testing time, the test system reuse should be baseline. Regarding Option 2, AOA is related not only to the position of the probe but also to the orientation of the DUT. If only the position of the probe is considered, it does not seem appropriate. 
Issue 1-1-2: 
Support Option 1/2. We have similar views with TE vendors. Regarding Option 3, it looks like this Option 3 conflicts with Option 3 in Issue 1-1-1. But looking at this Option 3 text alone, it seems reasonable.
Issue 1-2-1:  
Option 1 does not seem feasible according to TE vendors’ feedback.
Regarding Option 2, according to the example test setup in R4-2215540, all probe locations in chamber based on legacy RRM or FR2 MIMO OTA test setup are fixed. Full rotational freedom for AoA1 can be implemented by two axes positioner. If my understanding is correct, Option 2 is fine. 
Support Option 3/4. Regarding Option 4, further analyses still need to be made. For example, how to distinguish between two active panels is a problem. If the active panel is not switched by the new test command, the two same results are obtained. 
Support Option 5/6, which are to reuse the legacy test system as much as possible. Some improvements are necessary, such as fixed probe positions as Keysight’s comments.
Also Support Option 7/8. 
Regarding Option 9, Test method 1/2 should be excluded due to adding the slider, which results in increased costs. There are so many options here, it is better to narrow it down properly.
Issue 1-2-2:  
Postpone discussion before some agreements in Issue 1-2-1.
Issue 1-2-3:  
Support Option 1, and regarding Option 2, support moderator’s note. 
Issue 1-2-4:  
The premise has been included in Option 1, so it is fine. 
Issue 1-3-1:  
Support Option 2/3, particularly Option 2, input from the core part is necessary. 
Issue 1-3-2:  
Support Option 3, the angular separation is an important factor under discussion in core requirements. The common understanding in RRM is to follow the conclusion in RF session. Thus, it is suggested to wait for further inputs in core discussion before the discussion on separation in the test. 
Issue 1-4-1:  
Support Option 2/3/4.
Issue 1-4-3:
Support Option 1.

	Xiaomi
	Issue 1-1-1: 
Support Option 1. Especially considering the current test system upgrade possibility and complexity. Furthermore we believe this could also be considered together with the core requirement, i.e. the AoA specified in RF/RRM/Demod core requirement.
Issue 1-2-1:  
As proponent of option 8, we see the similar understanding with option 8 and option 2 which both use the fixed anchor probe plus discrete probe antenna distribution is quite similar to the option 2 outcome. So we can support option 2. Indeed we see many similarities of all these options and believe a combined version can be reached.
Issue 1-2-2:  
We assume the metrics will be defined in core requirement.
Issue 1-2-3:  
Agree with moderator suggestion that the baseline assumption will be agreed in RF session. The min angular separation should consider the TE capability and the information can be shared in RF session.
Issue 1-3-1:  
Agree that we need to finalize the core requirement first. Also agree that to reuse the legacy system as much as possible.
Issue 1-3-2:  
As proponent of option 3, we believe both the TE capability as well as the core requirement definition should be considered.

	Qualcomm
	Issue 1-1-1: The feasibility of measurement setups with full degrees of freedom for each probe
We understand the concerns from TE vendors on Option 2/3. It is understandable that the complexity, cost, testing time, MU, etc. aspects is much higher than the legacy test setup. But we would not say the full rotation for 2AoAs is not feasible. It might not happen soon in the market based on the feedback from TE vendors but it is still an option to verify the multi-Rx RF/RRM/Demod performance. If the common understanding is full rotation for 2AoAs is not realistic in Rel-18 due to the higher complexity/cost, etc, we would capture the full rotation in the TR document as an ideal solution. Meanwhile, we can further discuss the simplified test solution taking into the progress in the core requirements. It is preferred that we can have a harmonized test system/solution which could apply for RF/RRM/Demodulation testing.
Issue 1-1-2: The positioning system to support full degrees of freedom for each probe
Clarifications for option 3: in any case, saying full rotation or other simplified solution such as AoA1 with full rotation + AoA2 with limited fixed direction, the 2AoAs directions/angular separation during the testing should be with reference to DUT, right?
Issue 1-2-1: Measurement setup for UE RF testing 
Option 1: As we commented in issue 1-1-1, option 1 is still a feasible option to our understanding but with higher complexity/cost etc. It could be treated as an ideal solution if the companies think it is not ready to implement it in Rel-18.
Option 2: Option 2 can be treated as the simplified solution. Need more discussion on the set for fixed AoAs. It should have more flexibility on the directions compared with legacy RRM test setup. The AoAs pairs supporting by the measurement setup should fulfil the testing conditions for RF core requirements.
Option 3: Option 3 is a subset of option 2 in which only one direction can be selection for the fixed AoA. We don’t think this option could be enough to verify the UE RF requirements for multi-Rx UE. And for this fixed direction, can it be adjusted by changing the position between DUT and positioner before the testing starts? Or it is just a fixed direction reference to DUT?
Option 4: We have two concerns on option 4. 1). This option could not verify the potential cross talk between two AoAs especially then the two AoAs are with a small angular separation. With the approach of sequential tests, the testing is not verifying the real performance of multi-Rx UE. 2). Introducing the new test command will make UE vendors/Chipset vendors to declare the number of panel and/or other antenna configurations which is not the black-box testing. In addition, it is not clear how to make sure UE and TE can keep the connection for the first AoA in the DL (no signal receiving?) when UE to switch to the second AoA by test command assuming there is only one probe in the chamber.
Option 5: Option 5 is the implementation examples for Option 2. For reusing the legacy RRM test setup, our concern is the AoA angular separation is not enough to verify the multi-Rx UE RF performance considering there are only a few angular separations. In addition, it is not clear if it can support one of two AoAs with full rotation considering the different impletions for legacy RRM test setup. For FR2 MIMO OTA test setup, it is obviously it will have more angular separations than legacy RRM test setup. It would be great if proponent can list the potential angular separations supported by FR2 MIMO OTA test setup and further discuss whether to consider the enhancements.
Option 6: See our comments in option 5 on legacy RRM test setup.
Option 7: Agree with that this solution will lead to high complexity.
Option 8: Test method 3 is similar as Option 2. See the comments on Method 6 above. Not sure how to combine Test method 3 &6. It would be great if the proponent can give a simple illustration for better understanding.
Option 9:  Our understanding is Test method 3/5 could be used for Candidate 2 as well. For Test method 6, if we look at the one of AoAs, shouldn’t it support the full rotation? In addition, we think the AoAs pair for Multi-Rx testing should be more flexible than legacy RRM test method. 
Issue 1-2-2: Test procedure for UE RF testing 
Agree with option 1
Issue 1-2-3: AoA angular separations for UE RF testing
Support option 1. Before RF session concludes the relative offset between 2AoAs, we would prefer to have a wide range of AoA angular separations between two AoAs which is also helpful for RRM and Demod testing.
Issue 1-2-4: Probe locations for UE RF testing
Basically, option 1 is fine. But we would clarify if it is possible to specify the set of AoA angular separations rather than absolute location for RF testing?
Issue 1-3-1: Measurement setup for UE RRM testing 
If option 1 is not acceptable, the test solution for UE RF can be leveraged for RRM testing also which targeting to have more test directions.
Issue 1-3-2: AoA angular separations for UE RRM testing
We support option 1/2/3. We can use the similar RF test setup for RRM testing.
Issue 1-3-3: Probe locations for UE RRM testing
We are fine with not to define the absolution probe locations. It is related to similar issue in RF.
Issue 1-4-1: Measurement setup for UE demodulation testing 
If option 1 is not acceptable, we support option 2.
Issue 1-4-2: Test directions for UE demodulation testing
We support to select the test directions which can pass the legacy EIS REFSENSE requirements which is the reference to derive the testable SNR. For min. isolation check, it might be not necessary with virtual cable approach. Need more discussion. 
Issue 1-4-3: Permitted measurement setup for UE demodulation testing 
OK with Option 1.

	R&S
	Issue 1-1-1: The feasibility of measurement setups with full degrees of freedom for each probe
We support Option 1. We agree to Anritsu and Keysight comments that the feasibility has been studied and discussed sufficiently during last and this meeting.
Issue 1-1-2: The positioning system to support full degrees of freedom for each probe
We support Options 1 and 2 which show similar assessment on the impact of such a complex positioning system.
Issue 1-2-1: Measurement setup for UE RF testing 
We support Options 4 and 6 as proponent, but want to provide some clarification on our proposal for those options:
For Option 4, the approach and test procedure in R&S paper R4-2216642 is slightly different compared to Anritsu’s in R4-2215711. In our case, the proposed test procedure based on UBF does not require any information on the UE implementation. It is FFS if current definition of UBF could fulfil the intended purpose. We would appreciate if these 2 options can be separated in 4a and 4b since there are different implications to them, although they share a similar concept.
For Option 6, we acknowledge that additional discussion on the relative orientation of the antennas may be needed to ensure comparable results for RF testing for different implementations, but we firmly think that reusing existing RRM test setup already designed for 2 active AoA as per TR 38.810 and TS 38.508-1 as starting point will facilitate progress.

Regarding other options:
As commented in Issues 1-1-1 and 1-1-2, we don’t think Option 1 is feasible. 
We can consider Option 2 if either:
· The relation between AoA1 and the discrete number of AoA2 reuse the antenna offsets defined for RRM test setup already designed for 2 active AoA as per TR 38.810 and TS 38.508-1. In this case, this option overlaps with Option 6 where additional clarification may be required.
· The test of the discrete number of AoA2 is performed in a sequential fashion as proposed in R4-221664 based on UBF, and captured in Option 4.
We can also consider Option 3 if it is deemed a valid approach.
We agree with the principle in Option 5 (reuse of existing test system), which is equivalent for Option 6 to consider the RRM test setup. On the other hand, we do not think the FR2 MIMO OTA environment is reusable given the limitations in such system: very concrete fixed antenna placement with 6 probes spread over ~ 50º by 10º and the minimum range length of 75cm for DFF. 
We agree with Option 7.
We agree with Option 8 in principle, which in our understanding means reusing the existing RRM test setup already designed for 2 active AoA as per TR 38.810 and TS 38.508-1, so it somehow overlaps with Option 6.
Option 9 could be integrated with other options, although we do not think the second part “further simplifications on Test method 1/2 are not precluded” is valid considering the concerns about enabling full degrees of freedom we have expressed, as well as Keysight and Anritsu.
Issue 1-2-2: Test procedure for UE RF testing 
We appreciate the proposal in Option 1, but it is highly related to Option 2 in Issue 1-2-1. Therefore, we would like to keep it for further discussion when there is some progress on the measurement setup details.
Issue 1-2-3: AoA angular separations for UE RF testing
We agree to option 2.
Issue 1-2-4: Probe locations for UE RF testing
As commented for Issue 1-2-1, we agree that additional discussion on the relative orientation of the antennas may be needed to ensure comparable results for RF testing for different implementations, but it is also highly related to the measurement setup discussion in Issue 1-2-1 so we would like to keep it for further discussion when there is some progress.
Issue 1-3-1: Measurement setup for UE RRM testing 
We agree to Options 2 and 3, with the same concerns as expressed in Issue 1-2-1 with respect to the reuse of FR2 MIMO OTA.
Issue 1-3-2: AoA angular separations for UE RRM testing
We agree to Option 3.
Issue 1-3-3: Probe locations for UE RRM testing
Even though Option 1 is not an explicit proposal in Keysight paper, we think it is still applicable to RRM testing for multi-Rx UEs.
Issue 1-4-1: Measurement setup for UE demodulation testing 
We agree with Option 4, with the same concerns as expressed in Issue 1-2-1 with respect to the reuse of FR2 MIMO OTA.
In our understanding, the test procedure to select the test directions, as described in Annex H of TS 38.521-4, can be extended to enable the reuse of existing RRM test systems under the assumptions discussed in Issue 1-4-2.
Issue 1-4-2: Test directions for UE demodulation testing
We agree with Option 1.
In fact, the test procedure to select the test directions, as described in Annex H of TS 38.521-4, can be extended to enable the reuse of existing RRM test systems with the assumption that REFSENS and minimum isolation between the different streams is achieved.
Issue 1-4-3: Permitted measurement setup for UE demodulation testing 
We are ok with Option 1, but NF based methodologies can only be considered when the there is a conclusion on how NF coupling may affect / be compensated so performance requirements defined at baseband are properly tested

	Samsung
	Issue 1-1-1: The feasibility of measurement setups with full degrees of freedom for each probe
Support option 2 and 3.
For option 2, more clarification is provided: the proposal is to exclude the case for the smallest achievable AoA case. If testability limitation is that the minimum achievable solid angle is 20deg, then we still consider it as a full freedom of rotation system.
On the other hand in core requirements test setup is also discussed for deriving RF requirements, where the AoA is likely to be with reference to UE coordination system. It is necessary to align the understanding between this SI and core WI discussion on AoA reference coordination.
Issue 1-1-2: The positioning system to support full degrees of freedom for each probe
As proponent of option 3, the intention is to align the understanding between this SI and core WI discussion on AoA reference coordination
About Anritsu question: “While the DUT is rotated for the spherical coverage test, isn’t it enough that the angular offset between AoA1 and AoA2 is maintained (e.g. 90 degrees or 120 degrees)?”
- If the core requirements will be defined with fixed offset between AoA1 and AoA2, then it is fine. but now it is not the fact in core requirements.
About Qualcomm question: “in any case, saying full rotation or other simplified solution such as AoA1 with full rotation + AoA2 with limited fixed direction, the 2AoAs directions/angular separation during the testing should be with reference to DUT, right?”
- Our understanding is that AoA is with reference to DUT coordination, however, current discussion here on test setup is with reference to the chamber. e.g., when saying fixed AoA2, here it means fixed position in the chamber rather than fixed AoA to DUT.
Issue 1-2-1: Measurement setup for UE RF testing 
Option 1: the most flexible solution. it should not be discarded before core requirements concluded.
Option 2: has dependence with core requirements.
Option 3: has dependence with core requirements, and it is an issue how to select the fixed AoA.
Option 4: the requirements will be implementation agnostic, there is situation that the simultaneous reception is realized by more than two panels. For different DL “AoA pair”, different “panel pair” works. In such case, sequential test per panel is not applicable.
Option 5/6: it is a subset of option 2.
Option 7: it is the highest complexity. For not full freedom rotation case, IFF+IFF is still possible.
Option 8: similar as option 2.
Option 9:  support to prioritize Test method 3/5 (from Issue 2-1-4 of WF R4-2214357). 
Issue 1-2-2: Test procedure for UE RF testing 
Agree with the principle but it has dependence with core requirements. Currently single DCI baseline does not support separate TP or EIS test between two AoAs.
And for anchor probe selection, it may not necessary to limited to TP at current stage, RSRP, SNR or other metrics could be considered.
Issue 1-2-3: AoA angular separations for UE RF testing
Depends on core requirements. Agree with moderator’s note “Companies can share the views on the possible min angular separation from testability point of view”.
Issue 1-2-4: Probe locations for UE RF testing
If option 2 of issue 1-2-1 is agreed, then Option 1 is reasonable
Issue 1-3-1: Measurement setup for UE RRM testing 
Legacy RRM test system can be baseline but other solutions not precluded, may be more probes are needed.
Issue 1-3-2: AoA angular separations for UE RRM testing
We support the 3 options.
Issue 1-3-3: Probe locations for UE RRM testing
For legacy requirement which is single panel active, side condition is most important factor. But for new multi-panel active case, the angle between the two AoA becoming new factor. At current stage we’d better try to define absolute probe locations before confirming no impact.
Issue 1-4-1: Measurement setup for UE demodulation testing 
Option 1 is the best to achieve best polarization isolation for each panel, and only two probes needed
For option 2, it may need many probes to screen out the best probe for AoA2.
Issue 1-4-2: Test directions for UE demodulation testing
Is REFSENS means peak EIS? it is difficult to require UE to satisfy peak EIS for the two directions respectively.
Agree with Keysight regarding isolation: “The minimum isolation needs to be met not only between 2 AoA but between all 4 branches/4 DL. “
Issue 1-4-3: Permitted measurement setup for UE demodulation testing 
support Option 1.

	Keysight
	Issue 1-1-1 (The feasibility of measurement setups with full degrees of freedom for each probe): 
Clarification/Confirmation to Qualcomm. While TE vendors have confirmed that the full degrees of freedom for each AoA is technically possible, we believe that for all the reasons outlined we should consider this approach not feasible (seems to be a commonly term used in testability discussions, e.g, “Based on the analysis shown in Table 5.1.3-4, it can be concluded that a “white box” is not deemed a feasible enhancement of the methodology [38.884].” We could certainly soften the term and consider this approach not suitable?! We certainly do not believe this approach should be considered an “ideal solution” just for the N*(N-1) test effort alone and the corresponding test time requirements. 
Issue 1-1-2 (The positioning system to support full degrees of freedom for each probe): 
Maybe Option 3 can be clarified a bit more (similar to NR FR2 MIMO OTA) if a system with full degrees of freedom for AoA1 and with fixed, discrete AoA2s is considered. 
· Define AoA1 to be placed along the z axis
· Define absolute probe directions for AoA2s
· Define the AoA1 directions with reference to DUT
Issue 1-2-1 (Measurement setup for UE RF testing):
Clarification/Confirmation to Huawei, HiSilicon on Option 2: In the proposed example setup, the full degrees of freedom for AoA1 is indeed achieved with a dual-axis positioning system for the DUT.
Clarification/Confirmation to Xiaomi: Options 2 and 6 are indeed very similar with the following key differences:
· The absolute probe directions must be defined with Option 2 (Proposal 1 in R4-2215540) while the absolute probe directions are not defined in Option 6 (as they are left up to the system vendor)
· The probe locations and number of probes (as well as relative angular differences between probes) is TBD for Option 2 while the relative angular separations between probes are defined for Option 6
Clarification/Confirmation to Qualcomm: 
Option 1: see comments above for Issue 1-1-1, i.e., we do not consider Option 1 an “ideal solution.” 
Clarification Question/Comments to R&S: 
The procedure for Option 4 is not very clear, e.g., are the beam peak searches for AoA1 (step 1) and AoA2 (step 4) nested, i.e., N grid points are sampled for AoA1 and for each of the N AoA1 grid points, N-1 grid points are sampled for AoA2? This would make it an N*(N-1) test effort, similar to the full-degrees of freedom for both AoAs and thus impractical from a test time perspective. Maybe some more clarification on the proposed procedure can be provided, e.g., when performing the beam peak search for AoA1, what are the assumptions for AoA2 and similarly when performing the beam peak search for AoA2, what are the assumptions for AoA1.
Based on the DCI decisions made in the WI, it furthermore seems that beam peak searches cannot be performed per AoA.
On the feedback on Option 2: 
· As stated and illustrated below in Issue 1-2-4, defining/harmonizing on antenna offsets can lead to different system implementations and thus different UE RF results. We therefore need to define the absolute directions instead of the relative offsets. 
· The test of the AoA2s is done in a sequential fashion as described in our contribution and captured in the flow diagram. It is not clear why the UBF is necessary which is commonly not used for Rx testing. 
Issue 1-2-2 (Test procedure for UE RF testing):
Feedback to Samsung: We agree that TP/EIS cannot be determined per AoA but the proposed approach does not rely on this. For instance, TPAoA2.1 could be the total 4-DL TP measured with a fixed DL power applied to probe AoA1 and a fixed DL power applied to AoA2.1. We agree that other metrics could be used but we believe TP is one of the better performance metrics and can be determined very quickly and accurately, e.g., given the large uncertainties of RSRP, it might not be the best metric. 
Issue 1-2-4 (Probe locations for UE RF testing):  
Clarification to Qualcomm: When we specify “just” the angular separations between probes, system implementations can be different and thus yield different results. This is illustrated with two simple two-probe systems in the following illustrations where the angular separation between probes was selected to be 90°. 
[image: ][image: ]
Our proposal is that the absolute probe locations/directions are defined w.r.t. the corresponding coordinate system, e.g., Probe 1 (0°,0°), Probe 2 (90°,90°) as shown in the left. 

	Apple
	Issue 1-1-1: The feasibility of measurement setups with full degrees of freedom for each probe
Option 1. According to our understanding of AoA distributions at the system level, it is reasonable to assume that there will be a relationship between AoA1 and AoA2, such that full degrees of freedom for both AoAs is not necessary.
Issue 1-1-2: The positioning system to support full degrees of freedom for each probe
Agree with all three options; Options 1 and 2 can be used to capture the RAN4 conclusion on the feasibility study of full degrees of freedom for both AoAs, and Option 3 can be used as the starting point for defining the reference coordinate system for the 2-AoA test method.
Issue 1-2-1: Measurement setup for UE RF testing
Option 2 is our preference as the proponent, and we agree with Option 7.
Also would like to share concerns and questions related to several other options below.
Whether Option 1 is feasible depends on the outcome of Issue 1-1-1.  We should also check the core work item agreements on whether there is any progress with defining the AoA side conditions for the requirement.
For Option 3 one question is on the definition of “fixed.”  Does this mean that the single anchor AoA is always fixed to a single AoA (from the UE perspective) for the entire set of the swept AoA1 directions?  This could lead to a situation where the swept AoA1 and fixed AoA2 are either equal or very close directions (from the UE perspective), which is a scenario that is still under discussion in the core work item as well, and we should check progress on this item first.
For Option 4, a question for clarification:  would the sequential testing approach imply that DL reception of AoA1 and AoA2 is not tested simultaneously and only via this proposed test mode?
For Option 5, agree that in general test system reuse is desired in principle.  Would an Option 2 approach be compatible with an FR2 MIMO OTA test setup?
For Option 6, since the proposal aims to reuse the legacy RRM setup, there would be a structure imposed on the AoA distribution (actually, on the difference between AoA1 and AoA2, which would correspond to the possible choices of RRM probes to activate).  This approach is not very different from one of the options under discussion in the core work item in relation to the AoA distributions.  Perhaps it would be helpful to check the progress in the core work item.
Would request more concrete description of Options 8 and 9.
Issue 1-2-2: Test procedure for UE RF testing
The agreement from last meeting in the core work item is to define an RF requirement as follows [R4-2214457]: “UE RF requirements for simultaneous reception from different directions shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions.”  Thus, the RF test system only needs to support 2-layer capability from 2 different directions.
Issue 1-2-3: AoA angular separations for UE RF testing
In general, we agree with the Moderator’s comment to this issue.  At least our preference is to consider a wide separation between AoA1 and AoA2, but the discussion on this is handled in the core work item session.
Issue 1-2-4: Probe locations for UE RF testing
Agree with Option 1
Issue 1-3-1: Measurement setup for UE RRM testing 
Option 2 as the proponent.  We should follow the RRM session agreements.
Issue 1-3-2: AoA angular separations for UE RRM testing
Agree with Options 2 and 3.
Issue 1-3-3: Probe locations for UE RRM testing
Agree with Option 1
Issue 1-4-1: Measurement setup for UE demodulation testing 
Option 3 as the proponent.  Also agree with Option 2.  Regarding Option 1 and Option 4, it is not clear whether the additional complexity of full rotational freedom for both AoAs and the FR2 MIMO OTA setup is necessary to achieve the “OTA cable” approach for demodulation testing.  In our understanding, the test setup needs to be able to generate two AoAs such that the test system can achieve sufficient isolation between all combinations of the 4 layers in the resulting channel matrix.  If full rotational degrees of freedom are enabled for AoA1, and some limited number of AoA2 are available, is it feasible for the test system to find such conditions?  Perhaps this can be an item for further investigation and decision by the next meeting.
Issue 1-4-2: Test directions for UE demodulation testing
We don’t agree with satisfying REFSENS requirements as a precondition to demodulation testing.  Demodulation tests are not defined at REFSENS but at higher levels, where the required SNR achieves a certain TPT percentage of the RMC.  The demodulation setup needs to achieve minimum isolation requirements not just between 2 AoAs but between each combination of AoA & polarization, such that 4-layer testing can be possible.
Issue 1-4-3: Permitted measurement setup for UE demodulation testing 
Agree with Option 1.


	R&S
	Issue 1-2-1 (Measurement setup for UE RF testing):
Clarification to Keysight on Option 4: the test procedure in R&S paper R4-2216642 based on UBF is taking the following options from the core requirement discussion as a reference:
o	One Fixed AoA1 (e.g. Peak) + Full set AoA2. 
o	Multiple AoA1 + Full set AoA2. 
In this case, we understand that the direction(s) for AoA1 is(are) determined from the single AoA spherical coverage or beam peak search test, and then the AoA2 is tested. If this is the correct interpretation, we see the possibility for a sequential test approach like described in R4-2216642 where:
1. AoA1 is first connected (without AoA2) towards the desired direction. E.g. beam peak found from single AoA testing.
2. AoA1 is locked with UBF and the connection switched to a link antenna if necessary
3. AoA2 is tested tested over 3D.
This procedure can be repeated N times if Multiple AoA1 are required.

Clarification to Apple on Option 4: with the test procedure in R&S paper R4-2216642, both AoA are tested simultaneously assuming that AoA1 is fixed with UBF prior to setting the connection with AoA2.

	Keysight
	Issue 1-2-1 (Measurement setup for UE RF testing):
Feedback to R&S:
Thanks for the clarification. Based on our understanding of decisions made in UE RF requirements session with single DCI, EIS for a single AoA cannot be determined, i.e., EIS (or sensitivity) can only be determined for a pair of AoAs. Locking AoA1 with UBF and then handing it off to a link antenna or using a measurement probe from an arbitrary direction will yield different EIS (or sensitivity values) depending on the probe location serving AoA1. Wouldn’t this effectively require that AoA1 has to follow the locked beam, i.e., full degrees of freedom are needed for both AoAs?
Issue 1-2-2: Test procedure for UE RF testing
Feedback to Apple: 
Thanks for the clarification on the 2-layer vs 4-layer DL transmission for UE RF. We believe the principle described in our contribution still holds, i.e., a sensitivity scan can be made with 2-layers introduced on AoA1 and AoA2 (using different polarization combinations) while total TP (since TP from single AoA is not possible) is sampled with multiple AoA2 probes sequentially beforehand. This changes the sequence of tests and increases test time due to the multiple permutations of introducing 2-layers on the 2 probes (with dual pol each) somewhat; this revised concept can be presented in RAN4#105. 

	vivo
	Issue 1-1-1: 
Support Option 1. 
Issue 1-1-2:
Support Option 1 and Option 2. 
Issue 1-2-1:
Option 2 and Option 3 are preferred. Option 7 can be confirmed, if Issue 1-1-1 selects Option 1.
Issue 1-2-2
The test procedure should be further discussed based on UE RF requirements.
Issue 1-2-3
Support proposals.
Issue 1-2-4
In general, agree with Option 1 to minimize ambiguity issue. We may need further discussions based on UE RF outcome/assumptions. 
Issue 1-3-1
We support Option 2. 
We do not think reusing FR2 MIMO OTA system is a good approach for RRM testing.
Issue 1-3-2
We support all proposals.
Issue 1-3-3
Prefer to postpone the discussion of absolute probe locations for the time being.
Issue 1-4-1:
Support Option 2
Issue 1-4-3: 
Agree with Option 1.



	OPPO
	Issue 1-1-1: 
We support Option 1. 
Issue 1-1-2:
We support Option 1/2/3. 
Issue 1-2-1:
Support option 2~9.
Issue 1-2-4
Support the proposal.

	CAICT
	Issue 1-1-1: The feasibility of measurement setups with full degrees of freedom for each probe
Support option 1. Technically, we believe that full degrees of freedom for each probe is feasible, but considering the complexity, cost and test time, we think the full degrees of freedom is not preferable.
Issue 1-1-2: The positioning system to support full degrees of freedom for each probe
Support all three options. Option 3 can be used to define the reference coordinate system for 2AoA system.
Issue 1-2-1 (Measurement setup for UE RF testing):
We support option 2, 3 and 5. Reuse the existing test system as much as possible is desired.
Issue 1-2-2: Test procedure for UE RF testing 
Further discuss this issue based on the outcome of Issue 1-2-1. In general, we agree with option 1.
Issue 1-2-3: AoA angular separations for UE RF testing
We agree with moderator’s note that the baseline assumptions for RF requirements is supposed to be discussed in RF session. 
Issue 1-2-4: Probe locations for UE RF testing
Support option 1.
Issue 1-3-2: AoA angular separations for UE RRM testing
Support the proposals.



CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
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	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1
	Issue 1-1-1: The feasibility of measurement setups with full degrees of freedom for each probe
10 companies added comments on this issue. 8 companies support option 1. 2 companies support option 2/3. The majority view is the full rotation freedom for 2AoAs is not feasible. One companies suggest to not to use “not feasible” when document in the TR
Tentative agreements: The measurement setup with full degree of freedom for 2AoAs is not pursued in Rel-18. Capture the analysis on the feasibility of measurement setup with full degree of freedom for 2AoAs in the TR. 
Candidate options:
Recommendations for 2nd round: Confirm the tentative agreements in the 2nd round. 
Issue 1-1-2: Offset between AoA1 and AoA2
Companies have different views on offset between AoA1 and AoA2. It is related to how to understand the test methodology. It is suggested to further discuss the following options and to align the understanding between test method SI and core requirements WI:
· Option 1: Fixed Angular Offset(s) between AoA1 and AoA2 in the chamber, i.e., the angular separation between AoA1 and AoA2 is NOT changing during the testing
· Option 2: Variable Angular Offset(s) between AoA1 and AoA2 in the chamber, i.e., AoA2 is fixed with respect to the UE and rotating together with the DUT. The angular separation between AoA1 and AoA2 is changing during the testing
Tentative agreements: N/A 
Candidate options: Further discuss the following options and to align the understanding between test method SI and core requirements WI:
· Option 1: Fixed Angular Offset(s) between AoA1 and AoA2 in the chamber, i.e., the angular separation between AoA1 and AoA2 is NOT changing during the testing
· Option 2: Variable Angular Offset(s) between AoA1 and AoA2 in the chamber, i.e., AoA2 is fixed with respect to the UE and rotating together with the DUT. The angular separation between AoA1 and AoA2 is changing during the testing
Recommendations for 2nd round: Further discuss above two options in the 2nd round. 


	Sub-topic #2
	Issue 1-2-1: Measurement setup for UE RF testing 
Companies share the views on the options. The majority view is option 1 is not pursue in Rel-18 SI. It was pointed out that some of options are similar and can be merged. 
Tentative agreements: No need to discuss on Option 1. Merge similar options and further discuss discuss the feasibility and down select from the potential following options:
· Option 2:  Consider a test system with full rotational freedom for AoA1 and with fixed, discrete AoA2s. 
· Option 2a: Full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2. The legacy RRM and FR2 MIMO OTA test setup can be considered as baseline. The example illustration is shown below. 
[image: ]

· Option 2b: Full degrees of freedom for AoA1 with variable angular offset(s) between AoA1 and AoA2. The example illustrations are shown below. 

[image: ]
Figure 2b-1: Example illustration -1
[image: ]
Note: Anchor probe is not fixed before the test and can be adjusted in orientation
Figure 2b-2: Example illustration -2
· Option 3: Consider a test system with full rotational freedom for AoA1 and with fixed single AoA as an anchor. The example illustration is similar as Figure 2b-2 but only one direction could be set for anchor probe, e.g., on the peak direction.
Moderator’s note: Could the proponent provide an example illustration in the 2nd round discussion?
· Option 4: Sequential tests 
· Option 4a: by introducing a new test command to fix an active antenna in the DUT). The example illustration is shown below.
[image: ]
· Option 4b: by usage of UBF as in the procedure defined in R4-2216642:
1. AoA1 is first connected (without AoA2) towards the desired direction. E.g. beam peak found from single AoA testing. 
2. AoA1 is locked with UBF and the connection switched to a link antenna if necessary. 
3. AoA2 is tested over 3D, while AoA1 connection (with the beam locked with UBF) is maintained using a link antenna if necessary.
· Other option is not precluded. It is encouraging the proponent to provide the example illustration for the potential option.
Recommendations for 2nd round: Further discuss above two options in the 2nd round. 
Issue 1-2-2: Test procedure for UE RF testing

Tentative agreements: N/A
Candidate options: 
Option 1: consider a test system for multi-Rx spherical coverage test with two performance metrics: CDF of EISAoA1 and CDF of the maximum TPAoA2
Other options are not precluded depending on the outcome from Issue 1-2-1
Recommendations for 2nd round: Confirm the tentative agreements in the 2nd round. 
Issue 1-2-3: AoA angular separations for UE RF testing
Tentative agreements: N/A
Candidate options: 
· Option 1: Companies can share the views on the possible min angular separation from testability point of view. The target is to consider a wide range of AoA angular separations between AoA1 (full degree of freedom) and AoA2 (limited, fixed degree of freedom)
Recommendations for 2nd round: Confirm the tentative agreements in the 2nd round. 
Issue 1-2-4: Probe locations for UE RF testing
It is related to the outcome of Issue 1-2-1. Companies are encouraged to share the views on the option 1.
Tentative agreements: N/A
Candidate options: 
· Option 1: For multi-panel UE RF spherical coverage test cases utilizing 1 AoA with full degree of freedom with fixed offsets for AoA2(s), absolute probe locations must be defined to guarantee different system vendors yield the same results.
· Other options are not precluded depending on the outcome for Issue 1-2-1.
Recommendations for 2nd round: Companies are encouraged to share the views on the option 1.

	Sub-topic #3
	Issue 1-3-1: Measurement setup for UE RRM testing 
Tentative agreements: Legacy RRM test system can be baseline, more probes might be added based on the process of RRM session
Candidate options: Option 1: Legacy RRM test system can be baseline, more probes might be added based on the process of RRM session
Recommendations for 2nd round: Companies are encouraged to share the views on the option 1.
Issue 1-3-2: AoA angular separations for UE RRM testing
Tentative agreements: To study minimum angular separations of AoAs and potential enhancements on top of defined RRM test method in TR 38.810. The angular separation should consider both the test capability as well as the core requirement
Candidate options: 
· Option 1: To study minimum angular separations of AoAs and potential enhancements on top of defined RRM test method in TR 38.810. The angular separation should consider both the test capability as well as the core requirement
Recommendations for 2nd round: Companies are encouraged to share the views on the option 1.
Issue 1-3-3: Probe locations for UE RRM testing
Tentative agreements: N/A
Candidate options: Further discuss when there is a clear baseline measurement setup for RRM testing
Recommendations for 2nd round: No need to discuss in 2nd round.



	Sub-topic #4
	Issue 1-4-1: Measurement setup for UE demodulation testing 
Tentative agreements: N/A
Candidate options: 
· Option 1: Consider a system utilizing 1 AoA with full degree of freedom and 1 AoA with limited, fixed degrees of freedom as starting point for FR2 4-DL demodulation testing.
· Option 1a: Full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2.
· Option 1b: Full degrees of freedom for AoA1 with variable angular offset(s) between AoA1 and AoA2.
· Option 2: Seek an incremental enhancement of the Rel-15 demodulation test setup which can enable the necessary AoA control for both AoA1 and AoA2 directions

Recommendations for 2nd round: Further discuss the above options.
Issue 1-4-2: Test directions for UE demodulation testing
Tentative agreements: N/A
Candidate options: 
· Option 1: To study whether the selected directions need to satisfy legacy REFSENSE requirements specified in TS38101-2.
· Option 2:  To study whether the selected directions need to satisfy the min. isolation between 2AoAs.
· Option 3:  To study whether the selected directions need to satisfy the min. isolation between two polarizations.
Recommendations for 2nd round: Further discuss the above options.
Issue 1-4-3: Permitted measurement setup for UE demodulation testing

	
	




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)


Topic #2: Test uncertainty assessments
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2216078
	Huawei, HiSilicon
	Propose 1: Before studying the impact of positioner blocking on MU element of QoQZ, the QoQZ validation for multi-Rx test system needs to be specified.
Propose 2: The existing NR FR2 QoQZ validation approach can be reconsidered for multi-Rx test system.

	R4-2216755
	Keysight Technologies
	Observation 1: The current FR2 QoQZ validation procedure takes the positioner blocking effects into account.
Observation 2: The positioner blocking effect can be avoided if the DUT measurements and QoQZ validation procedures take the re-positioning concept into account.
Observation 3: The FR2 QoQZ validation procedure defined in Annex O of [4] currently applies to all singe-probe and multi-probe FR2 UE RF and RRM test systems.
Proposal 1: Defer the effect of positioner blocking on QoQZ MU until the test system for multi-chain operation has been defined.

	R4-2215658
	Apple
	
Proposal 2:	Quiet zone should be verified for each AoA, and the worst-case intersection used as the quiet zone of the system.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1
Sub-topic description: Test uncertainty for multi-Rx test system
Open issues and candidate options before e-meeting:
Issue 2-1-1: Positioner blocking on MU for multi-Rx test system
· Proposals
· Option 1 (Keysight, Huawei): Defer the effect of positioner blocking on QoQZ MU until the test system for multi-chain operation has been defined.
· Option 2: Specify other option if any 
· Recommended WF
· TBA

Issue 2-1-2: QoQZ validation procedure defined for multi-Rx test system
· Proposals
· Option 1 (Huawei): The existing NR FR2 QoQZ validation approach can be reconsidered for multi-Rx test system.
· Option 2 (Keysight): The FR2 QoQZ validation procedure defined in Annex O of TS38.521-2 currently applies to all singe-probe and multi-probe FR2 UE RF and RRM test systems.
· Option 3(Apple): Quiet zone should be verified for each AoA, and the worst-case intersection used as the quiet zone of the system.
Moderator’s note: the QoQZ validation is depending on the outcome of Topic#1 
· Recommended WF
· TBA
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Keysight
	Issue 2-1-1 (Positioner blocking on MU for multi-Rx test system)Support Option 1 as proponent
Issue 2-1-2 (QoQZ validation procedure defined for multi-Rx test system)
Support Options 1 and 2 as proponent. It is too early to endorse Option 3 as all existing multi-probe systems currently only require 1 AoA/single probe to be verified. The test time for all AoAs to be verified with the full QoQZ validation procedure would be significant (1-2 months). 

	Huawei,
HiSilicon
	Issue 2-1-1:
Support Option 1
Issue 2-1-2:
Support Option 1/2, and referring to FR2 MIMO OTA, Option 3 seems unnecessary. 

	Qualcomm
	Issue 2-1-1:
We Support Option 1
Issue 2-1-2:
Support Option 1 and 2 which are similar. 

	R&S
	Issue 2-1-1: Positioner blocking on MU for multi-Rx test system
We support option 1.
Issue 2-1-2: QoQZ validation procedure defined for multi-Rx test system
We are ok with Options 1 and 2. 
Regarding Option 3, we agree to Keysight that we need more progress on the test setup before deciding on the worst case, but also further simplification of the QoQZ procedure should be considered depending on the number of AoA to be evaluated.

	Apple
	Issue 2-1-1: Positioner blocking on MU for multi-Rx test system
OK with Option 1
Issue 2-1-2: QoQZ validation procedure defined for multi-Rx test system
We are fine with the Moderator’s recommendation in the note and would like to ensure that the quiet zone should be verified for each AoA, and the worst-case intersection used as the quiet zone of the system (Option 3).

	vivo
	Issue 2-1-1:
We Support Option 1
Issue 2-1-2:
Support Option 1 and 2.



CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Issue 2-1-1: Positioner blocking on MU for multi-Rx test system
Tentative agreements: Defer the effect of positioner blocking on QoQZ MU until the test system for multi-chain operation has been defined
Candidate options: N/A
Recommendations for 2nd round: To confirm the tentative agreements
Issue 2-1-2: QoQZ validation procedure defined for multi-Rx test system
Tentative agreements: The existing NR FR2 QoQZ validation procedure defined in Annex O of TS38.521-2 can be considered as the baseline and further discuss the details of QoQZ validation procedure defined for multi-Rx test system
Candidate options: N/A
Recommendations for 2nd round: To confirm the tentative agreements





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.



Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on NR FR2 OTA testing enhancements
	Qualcomm Incorporated
	Capture the agreements.



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-2215540
	
	Testing Considerations for Multi AoA UE RF Spherical Coverage Test Case and FR2 Demodulation
	Keysight Technologies UK Ltd
	Noted
	

	R4-2215658
	
	On FR2 OTA test methodology enhancements
	Apple
	Noted
	

	R4-2215703
	
	Discussion on full degree of rotation freedom with 2AoA
	Samsung
	Noted
	

	R4-2215711
	
	Views on FR2-1 RF OTA test for a device with multi-panel reception (2)
	Anritsu Corporation
	Noted
	

	R4-2216078
	
	Discussion on MU impacts for Multi-Rx test system
	Huawei,HiSilicon
	Noted
	

	R4-2216079
	
	Discussion on Test methods
	Huawei,HiSilicon
	Noted
	

	R4-2216114
	
	Discussion on FR2 OTA test methods for multi-Rx
	vivo
	Noted
	

	R4-2216169
	
	on the FR2 OTA Test method
	Xiaomi
	Noted
	

	R4-2216415
	
	Discussion on test methodology for FR2 UE with multi-Rx
	Qualcomm Incorporated
	Noted
	

	R4-2216450
	
	Views on FR2 OTA enhanced test method
	OPPO
	Noted
	

	R4-2216642
	
	Discussion on FR2 methods for UEs with multi-panel reception
	ROHDE & SCHWARZ
	Noted
	

	R4-2216755
	
	On QoQZ Validation and MU for Multi-AoA Systems for Multi-Chain Operation
	Keysight Technologies UK Ltd
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-22xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-22xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
image1.emf
Metric for AoA1:

CDF of {EIS

AOA1,P1

, …, EIS

AOA1, PN

}

Metric for AoA2:

CDF of Best TP {TP

AOA2,P1

, …, TP

AOA2,PN

}

or alternatively

CDF of Best EIS {EIS

AOA2,P1

, …, EIS

AOA2, PN

} 


image2.png




image3.png
v





image4.png
Full set AoA1

Fixed AoA2

Fixed AoA2

Fixed AoA2




image5.png
\/\/V\/\/\/\/V\/VV\N\/\/\/V\/\AN\/V\/\/VV\/WVVVW\/\/V\/W\/\/\/\/\/\/<

anchor
probe
rotate UE and Reflector
anchor probe
as a whole

=
=
S
=
=
=
=
=
=
=
=
S
S
=
=
S
=
=
=
=
:
S Feed Antenna

A




image6.png
Reflector

Reflector

Test #1





