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Introduction
The new study on NR FR2 OTA testing enhancements for UEs with multi-panel reception and 4DL layer [1] was approved during the RAN #96-e meeting with the following objectives:
The objectives for FR2-1 OTA testing for UEs with multi-panel reception and 4DL layer are as follows.

· Define a test methodology for RF/RRM/Demodulation requirements testing for devices that can receive simultaneously from multiple Angle of Arrival (AoA)
· The multiple AoA test setup should enable testing of up to 2 DL Layers with dual polarization for each angle
· For RRM, the target should be to allow testing of 4 AoAs with 2 simultaneously active AoAs 
· Define a test methodology for up to 4 DL MIMO layer demodulation testing
· Note: Revisit whether or not to include the case of transmitting simultaneously in RAN#97
· Note: Revisit whether or not to include other number of AoAs in RAN#97
· Smartphone form factor should be the first priority, other UE types should also be discussed as 2nd priority
· Develop the related preliminary uncertainty assessments for the test methodologies
· FR2 test methods defined in TR 38.810 and TR 38.884 should be used as the baseline. 
· The tests shall take the test system reuse, test system complexity and test time into account to keep the whole test costs within a reasonable level.

This contribution provides a brief summary of the FR2 test methods for 2 AoA testing currently considered in RAN5 and described in TS 38.508-1 [2], which shall be considered in addition to those described in TR 38.810 [3] and TR 38.884 [4]. It also proposes a baseline assumption for a 2 AoA test system, based on an available test system, and presents some open items to be further investigated.
Current methods for 2 AoA testing
TR 38.810 [3] contains the outcome of the original study of test methods for New Radio, focused on FR2, and includes only one option for 2 AoA testing, based on DFF, as shown in clause 6.2:
[bookmark: _Toc21020192][bookmark: _Toc29813024][bookmark: _Toc29813290][bookmark: _Toc52565508]6.2	Measurement setup
[bookmark: _Toc21020193][bookmark: _Toc29813025][bookmark: _Toc29813291][bookmark: _Toc52565509]6.2.1	Baseline setup
[bookmark: _Toc21020194][bookmark: _Toc29813026][bookmark: _Toc29813292][bookmark: _Toc52565510]6.2.1.1	Description
The baseline measurement setup of UE RRM characteristics for frequency bands in FR2 is capable of establishing an OTA link between the DUT and a number of emulated gNB sources as shown in Figure 6.2.1.1-1.
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Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
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Although DFF is one of the accepted methodologies, the thorough evaluations done over the years have clarified the limitations and drawbacks that made IFF the de-facto reference methodology for RF measurements:
· The maximum UE radiating aperture has a direct impact on the minimum range length with respect to frequency. 
· Current definition in TR 38.810 [3] for FR2-1 assumes a maximum radiating aperture of 5cm, which gives ~ 1-meter range length. 
· Larger apertures will increase the minimum range length exponentially, and thus have an impact on dynamic range.
· The limited UE radiating aperture requires a declaration from the manufacturer to ensure the test system is suitable for a device.
· Overall MU is worse compared to IFF, mainly due to the QoQZ degradation and contributors related to the measurement distance (e.g.: measurement distance uncertainty, phase centre offset of calibration antenna). 

There is another important element defined in TR 38.810 [3] with respect to the 2 AoA test environment which is the discrete number of relative angles between simultaneous AoAs as highlighted in the following excerpt from clause 6.2.1.1:
-	Angular Relationship:
-	A positioning system such that an angular relationship with two axes of freedom is provided between the DUT and the test system antennas (or the setup should provide equivalent functionality).
-	For NMAX_AoAs = 2 the setup shall enable following relative angular relationships between the NMAX_AoAs simultaneously active AoAs: 30°, 60°, 90°, 120° and 150°. 
-	For single active probe scenarios, in case that step change of AoA is required, the setup shall enable following relative angular change between initial and target AoA: 30°, 60°, 90°, 120° and 150°.

These relative angles are the baseline for all 2 AoA testing currently defined in RAN5 test specifications and thus, in order to maximize the reuse of existing test methods and actual test systems available in the market, it is proposed to adopt the same list of angular relationships. Eventually, this list could be reduced to a subset if the side conditions for specific applications (e.g. RF) can be limited.
[bookmark: _Toc111027210][bookmark: _Toc111027218][bookmark: _Toc111041144][bookmark: _Toc111041492][bookmark: _Toc111041660][bookmark: _Toc111041665][bookmark: _Toc111042735]Proposal 1: Angular relationships between simultaneously active AoAs shall be reused from TR 38.810 (i.e. 30°, 60°, 90°, 120° and 150°). Whether the list can be further reduced for specific applications is FFS. 

TR 38.884 [4], which contains the outcome of the study for enhanced test methods for FR2, does not include changes or improvements related to 2 AoA test methodologies. Therefore, there is no useful input that can be taken for the current study. This includes the Near Field based methodologies described in clause 5 (i.e. CFFNF, CFFDNF and CFFdeltaNF) which cannot be reused for multiple AoA testing given the specific conditions for testing in such environments. E.g.:
· Spherical coverage and Beam Peak search must be performed with the FF method (i.e. IFF).
· For the Beam Peak position found in IFF, UBF is used to lock the beam and enable measurements to be performed with the NF method.
Therefore, no simultaneous AoA operation is considered and, even in case it is analyzed, the procedure will not be practical since the measurements with the NF method always require previous measurements with the FF method.
[bookmark: _Toc111019933][bookmark: _Toc111019938][bookmark: _Toc111021659][bookmark: _Toc111027208][bookmark: _Toc111041658][bookmark: _Toc111042741]Observation 2: NF based methods defined in TR 38.884 (i.e. CFFNF, CFFDNF and CFFdeltaNF) cannot be adapted to multiple AoA testing.

As a final step in this overview, we included those advanced setups for 2 AoA testing defined in RAN5 and captured in TS 38.508-1, starting with Enhanced IFF as described in clause B.2.6:
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 [2], several contributions submitted to RAN5 [5][6][7][8][9] 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:
· 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.
· 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.
· When compared with the other two options (DFF based, and IFF+DFF), enhanced IFF imposes no limitation in the radiating aperture whenever it is fully contained in the QZ.
· Given that all AoAs are implemented with a CATR, this approach presents lower MU compared to DFF based implementations. 
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The second advanced setup for 2 AoA, based on the combination of IFF and DFF, is described in clause B.2.7 of TS 38.508-1 [2]:
B.2.7	IFF+DFF
B.2.7.1	Description
The IFF+DFF method is utilizing a combination of compact antenna test ranges (CATRs) and DFF probes for RRM testing with two simultaneously active AoA (NMAX_AoAs = 2) as defined in Clause 7.1.3.
An example RRM baseline system using the IFF+DFF setup is shown in Figure B.2.7.1-1. Implementations of the RRM baseline system with only a subset of the 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.2.7.1-1: Example RRM baseline system with two simultaneously active AoA using an IFF+DFF setup
The key aspects of this test method setup are the same as the IFF setup for the probes based on the IFF method, outlined in B.2.4.1 and the DFF setup for the probes based on the DFF method, outlined in Clause B.2.2.1.

As a combination of two different methods depending on the AoA, this approach suffers the drawbacks from both methods when evaluating its usage for multi AoA methodology for multi-panel reception UEs. 
Other considerations
Besides the discussion on the baseline methodology, there are other considerations that will affect the practical realization of a test system. In our view, the following is a list of items that require close follow-up and or clarification to ensure proper progress of this SI. Other items are TBD.

Given the big implications in the test setup and MU, QZ sizes with respect to form factors and/or Power Classes need to be defined carefully. E.g. limiting the applicability of multi‑panel UE to smartphones greatly simplifies the complexity of the test setup.
[bookmark: _Toc111041146][bookmark: _Toc111041494][bookmark: _Toc111041662][bookmark: _Toc111041667][bookmark: _Toc111042737]Proposal 3: RAN4 to define the applicable QZ sizes per form factor and/or Power Class.

The scope of test cases per application (RF, RRM and Demod), or at least the measurement types, have to be defined so the test procedure, and possibly test system complexity, can be optimized. E.g.: simultaneous vs. sequential (per AoA) spherical coverage test have major implications in the test system complexity.
[bookmark: _Toc111041495][bookmark: _Toc111041663][bookmark: _Toc111041668][bookmark: _Toc111042738]Proposal 4: RAN4 to define the scope of test cases per application (RF, RRM and Demod).

Considering the previous experience with the original study of test methods for New Radio, the requirement discussions shall consider the test system limitations to mitigate avoidable testability issues. 
[bookmark: _Toc111041664][bookmark: _Toc111041669][bookmark: _Toc111042739]Proposal 5: RAN4 to consider test system limitations in the requirement discussion per application (RF, RRM and Demod).
Proposal
In this contribution, the following observations and proposals were made:
Observation 1: TR 38.810 only defines one possible implementation of 2 AoA OTA test environment, based on DFF.
Observation 2: NF based methods defined in TR 38.884 (i.e. CFFNF, CFFDNF and CFFdeltaNF) cannot be adapted to multiple AoA testing.
Observation 3: Enhanced IFF has been proven feasible and presents clear advantages with respect to other methodologies.

Proposal 1: Angular relationships between simultaneously active AoAs shall be reused from TR 38.810 (i.e. 30°, 60°, 90°, 120° and 150°). Whether the list can be further reduced for specific applications is FFS.
Proposal 2: Enhanced IFF is selected as the baseline methodology for further study and definition of multi AoA methodology for multi-panel reception UEs.
Proposal 3: RAN4 to define the applicable QZ sizes per form factor and/or Power Class.
Proposal 4: RAN4 to define the scope of test cases per application (RF, RRM and Demod).
Proposal 5: RAN4 to consider test system limitations in the requirement discussion per application (RF, RRM and Demod).
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