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Introduction
As part of the AI/ML work item the discussion is ongoing on beam management enhancements in FR2. To be able to define requirements for these enhancements, it is also necessary to be able to test the requirements properly.
In this contribution we give a brief overview of the existing FR2 Conformance test setup and discuss how it may be used also for beam management purposes.
Enhanced IFF setup
The current RRM test system for 2AoA testing for Rel.15 requirements based on Enhanced IFF as defined and captured in TS 38.508-1 [1] clause B.2.6, is shown below:
B.2.6	Enhanced IFF
B.2.6.1	Description
The Enhanced IFF method utilizing multiple compact antenna test ranges (CATRs) creates the far field environment using a transformation with 2 or more parabolic reflectors for RRM testing with two simultaneously active AoA (NMAX_AoAs = 2) as defined in Clause 7.1.3.
An example RRM baseline system using an Enhanced IFF setup are shown in Figure B.2.6.1-1. Implementations of the RRM baseline system with only a subset of the reflectors/probes are possible as long as the system can satisfy the relative angular relationships outlined in Clause 7.1.3.2.1.
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Figure B.2.6.1-1: Example RRM baseline system with two simultaneously active AoA using an Enhanced IFF setup
The key aspects of this test method setup are the same as the IFF setup, outlined in Clause B.2.4.1. 

Further to the description presented in TS 38.508-1 [1], several contributions submitted to RAN5 [2][3][4][5][6] provided deeper evaluation of this approach, showing the performance for this multi CATR approach is equivalent to the single reflector implementation. To highlight some of the most relevant facts and advantages for this approach:
1. The DUT is placed on a 3D positioner, allowing to rotate the DUT 360 degrees in azimuth and elevation.
2. The actual QZ is the cut between several cylinders focused on the same point, one coming from each reflector. In order to simplify the definition, a spherical QZ contained within the cut is used.
3. What could be the expected interaction between reflectors (e.g. cross-talk, ripple) is actually not that relevant given that each reflector creates an “spatial” filter with the cylindrical QZ.
4. When compared with the other options (e.g. DFF based), enhanced IFF imposes no limitation in the radiating aperture whenever it is fully contained in the QZ.
5. Given that all AoAs are implemented with a CATR, this approach presents lower MU compared to DFF based implementations. 
It is worth to be noted that the same test system type was selected as the baseline for RF, RRM and Demodulation testing for Rel-18 FR2 UE with multi-Rx chain DL receptions as captured in TR 38.871 [8], and is currently considered the reference for STxMP testability discussions in Rel-19.
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The following figures show an existing implementation of an RRM test chamber based on Enhanced IFF, which fits these key elements:
1. Probe are placed along the xz plane.
2. There are four reflectors which enable testing of 5 different angular relationships, i.e. 30°, 60°, 90°, 120° and 150°.
3. Allows a direct reuse of existing test chamber already available, thus minimizing the test system development time required to enable testing of the beam management feature.
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Figure 2‑1: RRM Rel.15 2AoA OTA test setup diagram based on Enhanced IFF with four reflectors
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Figure 2‑2: Enhanced IFF with four reflectors, DUT illumination enabling 5 different angular relationships

As it can be seen from these figures, the probe arrangement along xz axis allows a certain degree of freedom for test system implementation since the angular reference for θ = 0º can be adjusted just by changing starting position of the elevation positioner, without affecting the actual AoA angular relationships or its reference to DUT coordinates. Therefore, there is no need to define absolute the probe locations as long as the AoA angular relationships are respected and the probes are placed along the xz plane, which is a mandatory requirement for FR2 UE with multi-Rx chain DL receptions testing.
Test method for AI/ML based beam management
Although the exact requirements with respect to AI enhancements for beam management are not yet defined, the discussion on how these requirements could be tested has started to evaluate potential test setups.
AI/ML based enhancement of UE beam management performance consists in the reduction of UE measurements performed in the network by predicting results based on machine learning. This enables the UE to successfully manage more complex FR2 beam management scenarios, which are currently very challenging. 
The crucial question is how to emulate an AI/ML dedicated test environment, which is able to present the UE with controlled complex test conditions, but which is not fully known to the UE. In our opinion, such a test environment should fulfill the following requirements:
1. Reflects the real scenarios to a sufficient degree.
2. Introduces additional complexity with respect to the current tests. 
3. It can be described deterministically (i.e. captured in a test specification), in order to allow compatibility for different test system implementations for conformance testing.
4. It is not completely predefined, in order to still exercise the AI ability at UE side.
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From a testability point of view, the following capabilities which are relevant for multi AoA beam management, are already available in the current test systems:
a) AoA / multi AoA control 
b) Power / SNR control per AoA / beam
c) UE Position control
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For the tests specified so far, all the figures above are static during the test (except power to some extent, which currently changes per time interval). Enhancing the usage of the above capabilities to more dynamic scenarios already introduces in our view a more advanced testing environment which fulfills the requirements for AI/ML testing. The following enhancements could be further studied:
a) AoA / multi AoA 	
 the AoA / AoA pair / AoA offset can change during the test
 more AoAs, up to 4 simultaneous active AoAs, can be activated 
b) Power / SNR control per AoA / beam
 the power / SNR can change following finer granularity and more complex pattern.
c) UE Position control 		
 the UE can be rotated during the test 
The resulting test environment is then a combination of the above figures. The change of each of the points should be:
i) statistically defined	 deterministic but not predefined
	ii) periodical 			 to enable training / learning
	iii) aligned 			 to reflect some agreed reference realistic scenario 
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As shown above, there are still unexploited capabilities of the current systems, which can be used to enable an enhanced testing environment suitable for AI/ML testing. Thus, instead of focusing only on the overall increase of AoA layout complexity, which is probably a corner case in reality, RAN4 should focus on a more complex use of current AoA layouts combined with dynamic power change and UE positions, which is closer to reality.
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From our point of view, the discussion must consider the feasibility of developing and deploying such a setup with a clear objective to reuse and potentially enhance existing OTA test systems already available for multi-AoA testing. The alternative, i.e. developing a very unique OTA methodology and test setup only for AI/ML based beam management, will drive to long testability discussions, development time and costs for a very limited scope of measurements. This can only be justified if a test setup covers a long-term use and wide set of applications.
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Thus, the investigation of potential test setups shall start by investigating what kind of meaningful test could be performed using the existing test setups.
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Proposal
In this contribution, the following observations and proposals were made:
Observation 1: Enhanced IFF has been proven feasible and presents clear advantages with respect to other methodologies for multi-AoA testing.
Observation 2: Key capabilities for beam management testing are already supported in current multi-AoA test systems.
Observation 3: Enhancing the usage of current testing capabilities (examples given in this paper), ensures more advanced testing environment, which is suitable for AI/ML based beam management.
Observation 4: RAN4 should focus on enhancing the usage of current multi-AoA test system, instead of defining a new test system.
Observation 5: Defining a new test setup will have a major impact on the requirement definition timeline and system availability.

Proposal 1: RAN4 to structure the discussion by defining requirements to the test environment (examples given in this paper).
Proposal 2: Use the existing multi-AoA test system as a starting point for AI/ML based beam management test system discussions.

References
[1] [bookmark: _Ref111041756][bookmark: _Ref111041818][bookmark: _Ref127543989][bookmark: _Ref79157111][bookmark: _Ref36824183]3GPP TS 38.508-1, v18.2.0 (2024-03)
[2] [bookmark: _Ref111042115]R5-198221, “On IFF method for multi-AoA test setup for RRM”, Rohde & Schwarz, 3GPP TSG RAN WG5 Meeting #85, November 2019
[3] [bookmark: _Ref111042117]R5-202704, “On the QoQZ validation procedure for enhanced IFF”, Rohde & Schwarz, 3GPP TSG RAN WG5 Meeting #87-e, May 2020
[4] [bookmark: _Ref111042118]R5-204737, “Quality of the Quiet Zone measurement results for enhanced IFF”, Rohde & Schwarz, 3GPP TSG RAN WG5 Meeting #88-e, August 2020
[5] [bookmark: _Ref111042121]R5-204742, “Uncertainty assessment DL AWGN absolute power for enhanced IFF“, Rohde & Schwarz, 3GPP TSG RAN WG5 Meeting #88-e, August 2020
[6] [bookmark: _Ref111042122]R5-205624, “Quality of the Quiet Zone measurement results for enhanced IFF“, Rohde & Schwarz, 3GPP TSG RAN WG5 Meeting #89-e, November 2020
[7] [bookmark: _Ref127544061]R4-2219851, “Testing Considerations for Multi AoA Rx Testing”, Keysight Technologies, 3GPP TSG RAN WG4 Meeting #105, November 2022
[8] 3GPP TR 38.871



image1.emf
DUT

z

x

y

P0

P30

P60

P90

P120

P150


image2.png
15(/

90°

‘00

0°




image3.png




image4.png




image5.png




image6.png




image7.png




image8.png




image9.png




