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Introduction
For FR2, the description of the testing methodology is captured in [1]. There are three defined scenarios (Section 6.2.1.4.2 of [1]): 
-	Scenario 1: RRM requirement with single Angle of Arrival (1 AoA) with signal coming from RX beam peak direction.
-	Scenario 2: RRM requirement with single Angle of Arrival (1 AoA) with signal coming from RX non-beam peak direction.
-	Scenario 3: RRM requirement with two Angle of Arrivals (2 AoAs).
This contribution focuses on the permitted test methodologies for Scenario 3.
NOTE: RAN4#92bis agreed on a 4th Scenario for RRM testing. The scenario is not yet in [1], as it will only be published after RAN4 #93. Nonetheless, it defines a 2AoA requirement, where one of the AoA is the RX beam peak direction. All the analysis done here for Scenario 3 also applies for the new Scenario 4.
The list of permitted test setups considered for RRM OTA testing is defined in Section 6.2.1.1 of [1]:
-	The following permitted test setups are considered for OTA RRM testing:
-	DFF test setup as described in Clause 5.
-	Simplified DFF test setup as described in Clause 5.
-	IFF test setup as described in Clause 5.
However, IFF test setup is restricted: 
-	For the scope of Rel-15 testing NMAX_AoAs = 2. 
-	For UE RRM baseline measurement setup based on DFF, the supported NMAX_AoAs = 2.
-	For UE RRM baseline measurement setup based on simplified DFF, the supported NMAX_AoAs = 1.
-	For UE RRM baseline measurement setup based on IFF, the supported NMAX_AoAs = 1.
On the other, the applicability of DFF setup is defined in Section 5.2.1.1 of [1] as follows:
The applicability criteria of the DFF setup are:
-	The DUT radiating aperture is D ≤ 5 cm
-	Either a single radiating aperture, multiple non-coherent apertures or multiple coherent apertures DUTs can be tested
-	If multiple antenna panels that are phase coherent are defined as a single array, the criterion on DUT radiating aperture applies to this single array
- …
These restrictions have several consequences:
· There is no test solution for RRM Scenario 3 for DUTs with radiating aperture D > 5cm.
· The MU budget calculation needs to be done based on DFF. 
Observation 1: There is no test methodology for RRM Scenario 3 for DUTs with radiating aperture of D > 5 cm.
The MU values are captured in [2]. At the moment, the RF MU progress is focussed mainly on IFF, and it is proven to be a challenging and time consuming activity. The DFF related sections, for instance B.3.1-2 or B.19.1, are mostly empty. That means, the whole MU definition exercise would need to be repeated, practically from scratch, for RRM Scenario 3, adding several months of delay to the standardization work. On the other hand, using a multi-AoA IFF setup, most of the RF work can be re-used, with (probably) an additional delta effort for the multi-AoA.
Observation 2: MU definition is a time consuming activity.
Observation 3: The DFF MU definition progress is almost non-existent, compared to the relatively well progressed IFF work.
In [1], there is no explanation why it should not be possible to use an IFF-based solution for Scenario 3.
Observation 4: The usage of IFF for RRM Scenario 3 has not been studied so far.
This contribution will analyze the feasibility of an IFF based solution for RRM Scenario 3.
Discussion
Technical Results
A measurement campaign using a multi-AoA IFF setup has been conducted. An example of the IFF setup for multi-AoA is shown in Figure 1. Please notice that the number of CATR must be sufficient to meet the angular relations in [1] (0°, 30°, 60°, 90°, 120°, 150°). This has been simplified in Figure 1 for clarity.
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Figure 1: Illustration of the IFF solution for multi-AoA RRM test setup.

On such a scenario, there are two additional potential disturbances, which can be easily identified. The “cross-talking” between the feed of one CATR and the reflector of the neighbour CATR(s), and the “double reflection” of the signal of one feed on its reflector and on another reflector, then back to the DUT. However, as there is no CATR at 180°, this second potential issue does not seem possible.
The test setup in Figure 1 has been tested using two different AUTs, a 25dBi horn antenna (high gain) and a 13dBi horn antenna (low gain), the latter being closer to what can be expected for a mobile device FR2 antenna panel.
The first test is to compare the transmission factor (S21) of the system comprising only one CATR with the S21 of the multi-CATR system. A CW signal at 28 GHz is feed to one of the CATRs. In this case, we have selected one of the CATRs in the centre, so that they have reflectors on both sides (worst case). The CATR works as transmitter. The AUT is rotated 360° while continuously measuring the Rx Power. The results for the high gain antenna are shown in Figure 2. As it can be seen, when the beam peak of the AUT is oriented towards the active CATR, there are no significant differences between the single CATR and the multi-CATR system. There are two side lobes caused by the cross-talking or diffraction of the signal in the edge of the neighbour CATRs, but these are >27dB lower than the beam peak and only ~12-13 higher than the S21 of the single CATR setup. Furthermore, the antenna gain from the datasheet of the antenna used for the test has been included, and it can be seen that both systems match with the datasheet, as expected.
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Figure 2: Comparison of S21 for the single CATR and the multi-CATR system with the high gain antenna at 28 GHz.
It is important to notice that the results in Figure 2 are without taking any further steps to mitigate the effect of the neighbour CATRs. It is possible to further improve the system design and mitigate the side lobes or even remove them completely. Furthermore, it is unlikely that the mobile phones will have such a high gain antenna panel. In Figure 3, the results are reproduced with the low gain antenna, and as it can be seen, the sidelobes are no longer visible and there are no significant differences between the transmission factors of both systems.
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Figure 3: Comparison of S21 for the single CATR and the multi-CATR system with the low gain antenna at 28 GHz.
The same experiment has been repeated at 40 GHz, with the results shown in Figure 4. 
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Figure 3: Comparison of S21 for the single CATR and the multi-CATR system with the high gain (left) and low gain (right) antenna at 40 GHz.
Observation 5: based on the measurements, it can be seen that the multi-CATR test system has a performance equivalent to the single CATR system.
The fundamental measurement in RRM test cases is the SS-RSRP. On this measurement are based most of the RRM tests. Thus, if the SS-RSRP measurement accuracy test works successfully, there is a high chance that all RRM tests will work on the setup. In order to verify this, we have conducted a SS-RSRP accuracy test with a FR2 mobile phone, commercially available in the US. The test setup is described in the following table:
Table 1: Test scenario to compare single AoA and multi AoA setups
	Parameter
	Single-AoA
	Multi-AoA

	Test Method
	SS-RSRP periodic reporting

	Iterations
	100

	Cells
	1xLTE (link) + 1xNR neighbour

	NR Frequency
	27.550,08 MHz (n261)

	SCS
	120 kHz

	BW
	100 MHz

	NR Tx level
	-30 dBm
	-24.2 dBm

	Pathloss (see below)
	55,54 dB
	61,34 dB

	SS-RSRP to Channel Power conversion
	29,21 dB

	Expected SS-RSRP
	-114,75 dBm (42, as in Table 4.7.1.0.1-2 in [3])

	DUT Orientation
	Free space
DUT Orientation 2 – Option 2 in C.2.1 in [1], CATR in direction of +x
	Free space
DUT Orientation 2 – Option 2 in C.2.1 in [1], CATR@90° in direction of +x



*The pathloss has been calculated using the FSPL formula, taking into account the focal length of the system, the antenna gain of the CATR feed and the datasheets of the cables used in the setup.
The test has been conducted for 100 iterations to obtain statistical relevance. In the Multi-AoA setup, the polarization of the signal as well as the used CATR has been changed every 20 iterations, between H and V, and the CATRs at 30°, 90° and 150°, respectively. The results are shown in Figure 4. The SS-RSRP limits are taken from Table 10.1.3.1.1-1 in [5], based on normal conditions and Maximum Io <-70dBm / 100 MHz.

Figure 4: Comparison of SS-RSRP reports for single AoA and multi AoA.
It can be seen that in all cases the results are well within the RAN4 SS-RSRP reporting accuracy limits, and in general in the same range in both setups.
Observation 6: The DUT SS-RSRP measurements on both single-AoA IFF and multi-AoA IFF are on the same range.
The results obtained so far look promising. Nonetheless, the main objective of this test setup is to fulfil RRM Scenario 3 requirements, in which more than one AoA is active at the time. Thus, a new test scenario, with two signals from two different angles has been defined in Table 2.
Table 2: Test scenario to for multi-AoA SS-RSRP reporting with two cells
	Parameter
	Cell 1
	Cell 2

	Test Method
	SS-RSRP periodic reporting

	Iterations
	100

	Cells
	1xLTE (link) + 2xNR neighbour

	NR Frequency
	27.550,08 MHz (n261)
	27.925 MHz (n261)

	SCS
	120 kHz

	BW
	100 MHz

	NR Tx level (Initial)
	-30.8 dBm
	-25.2 dBm

	Pathloss (see below)
	56,54 dB
	61,34 dB

	ΔAoA
	90°

	SS-RSRP to Channel Power conversion
	29,21 dB

	Expected SS-RSRP
	-113,75 dBm (43, as in Table 4.7.1.0.1-2 in [3]) *Initial value, changing during test

	DUT Orientation
	Free space
DUT Orientation 2 – Option 2 in C.2.1 in [1], +x pointing to the middle point between both CATR


The test has been executed again for 100 iterations, changing the NR Tx Level cell by ±10 dB every 20 iterations, obtaining the results in Figure 5. It can be seen that both cells are reported correctly and that they follow the changes in their respective transmission power. In general, the results with higher Tx Powers (higher SNR) are more stable than at lower Tx Powers, which is also to be expected.

Figure 5: Inter-Frequency SS-RSRP reporting for 2 Cells in multi-AoA setup.

Based on the results above, the IFF setup for RRM Scenario 3 is feasible.
Observation 7: the results show that IFF for RRM Scenario 3 is feasible
Specification enhancements
In order to support IFF with multi-AoA, the RRM baseline setup in [1] would need minor editorial enhancements.
The enhancements are done on top of the latest version of [1] marked in yellow:
The UE RRM baseline measurement setup shall fulfil the following capabilities:
-	The following permitted test setups are considered for OTA RRM testing:
-	DFF test setup as described in Clause 5.
-	Simplified DFF test setup as described in Clause 5.
-	IFF test setup as described in Clause 5.
-	Enhanced IFF test setup based on IFF described in Clause 5 with the enhancements described in this section.
…
-	Antennas, polarization, simultaneously active AoAs:
-	N dual-polarized antennas transmitting the signals from the emulated gNB sources to the DUT.
-	The antennas transmit into the test zone in such a way that signal polarization does not prevent the DUT receiving a consistent, predictable power level.
-	N ≥ NMAX_AoAs, where NMAX_AoAs is the maximum number of simultaneously active (emulating signal) angles of arrival AoAs.
-	For the scope of Rel-15 testing NMAX_AoAs = 2. 
-	For UE RRM baseline measurement setup based on DFF, the supported NMAX_AoAs = 2.
-	For UE RRM baseline measurement setup based on simplified DFF, the supported NMAX_AoAs = 1.
-	For UE RRM baseline measurement setup based on IFF, the supported NMAX_AoAs = 1.
-	For UE RRM baseline measurement setup based on enhanced IFF, the supported NMAX_AoAs = 2.
[bookmark: _Toc21020195]6.2.1.2	Far-field criteria and Quiet Zone
For RRM baseline measurement setup based on DFF:
-	The Far-field criteria defined for the DFF UE RF test method described in subclause 5.2.1 can be applied.
-	A DFF measurement setup has the centre of the Quiet Zone (QZ) located at the centre of the rotational axes (of DUT and measurement antenna). For the RRM measurement baseline setup based on DFF, the vertices of the N probes have to be aligned to the resulting centre of the QZ. The centre of the QZ is taken as the reference point for MU definition for each probe. The same QZ size as for DFF UE RF test method described in subclause 5.2.1 applies.
For RRM baseline measurement setup based on simplified DFF:
-	The Far-field criteria defined for the simplified DFF UE RF test method described in subclause 5.2.2 can be applied.
-	The same QZ size and definition as for simplified DFF UE RF test method described in subclause 5.2.2 applies.
For RRM baseline measurement setup based on IFF:
-	The Far-field criteria defined for the IFF UE RF test method described in subclause 5.2.3 can be applied.
-	The Quiet Zone definition for the IFF UE RF test method described in subclause 5.2.3 can be applied.
For RRM baseline measurement setup based on enhanced IFF:
-	The Far-field criteria defined for the IFF UE RF test method described in subclause 5.2.3 can be applied.
-	An IFF measurement setup has the centre of the Quiet Zone (QZ) located at the centre of the rotational axes (of DUT). For the RRM measurement baseline setup based on IFF, the CATRs have to be aligned to transmit a plane wave perpendicular to the direction from the centre of the reflector to the resulting centre of the QZ. The centre of the QZ is taken as the reference point for MU definition for each CATR. The same QZ size as for IFF UE RF test method described in subclause 5.2.3 applies.
[bookmark: _Toc21020196]6.2.1.3	Testing and calibration aspects
The calibration method defined for the DFF UE RF test method described in subclause 5.2.1 can be applied for UE RRM testing based on DFF [for each probe/AoA]. The calibration method defined for the IFF test method described in subclause 5.2.3 can be applied for the UE RRM testing based on IFF. The calibration method defined for the simplified DFF UE RF test method described in subclause 5.2.2 can be applied for UE RRM testing based on simplified DFF. The calibration method defined for the IFF test method described in subclause 5.2.3 can be applied for the UE RRM testing based on enhanced IFF for each CATR/AoA.
The quiet zone of the IFF test method is not a sphere, as for DFF, but a cylinder, as shown in the left part of Figure 6. This is because the plane wave coming from the reflector is already in the far field and has no pathloss. The radius of the cylinder, D, determines the quiet zone size. Thus, the intersection of the quiet zones generated by two CATRs is a bicylinder, also known as square hosohedron. This is shown in the middle and right parts of Figure 6. It can be noticed that the bicylinder still has the same radius D. 

Figure 6: Quiet zone of the IFF 2-AoA setup.
Now, the enhanced IFF setup has multiple CATRs, meaning the QZ is the intersection of all the individual cylinders. As this is not so easy to visualize this is in 3D; we will analyse it in 2D as seen from above. Figure 7 shows the intersection of the QZ cylinders for each of the CATRs at 0, 30, 60 and 90°. All of the cylinders have the same diameter, D. It can be seen that the intersection between all cylinders is always bigger than a sphere of radius R = D/2. Actually, if the number of CATRs would be infinite, the QZ would tend to the sphere. Thus, the QZ of the enhanced IFF setup is defined by a sphere of radius D/2.

Figure 7: Quiet zone of the IFF 2-AoA setup.
Please note that the quality of the quiet zone validation procedure does not need to be modified, as in [1] it is already stated that: “The quality of quiet zone validation defined in Annex D only needs to be performed with the reference probe P0.”
As [1] is already in maintenance mode, it would be beneficial to capture these agreements in a RAN5 specification. Since the permitted test methods are captured in [6], that would be the best place to capture also these enhancements.
Proposal 1: Extend the applicability of IFF for RRM Scenario 3 and reflect this in [3] and [6], as proposed in [4] and [7].
Proposal 2: Consider IFF as the baseline for the MU definitions for RRM Scenario 3.
Observation 8: by accepting Proposal 1 and Proposal 2, RRM Scenario 3 testing has the following improvements:
· DUTs with antenna aperture D > 5 cm can be supported.
· There is no need to further study the applicability of multi-AoA DFF for multiple non-coherent apertures
· The MU can be derived based on IFF, which offers better (lower) values than for DFF.
· Most of the MU derived for the RF IFF setup can be directly re-used.
Conclusion
This contribution has studied the RRM FR2 test coverage and concluded the following observations:
Observation 1: There is no test methodology for RRM Scenario 3 for DUTs with radiating aperture of D > 5 cm. 
Observation 2: The applicability of DFF with multi-AoA for multiple non-coherent apertures needs to be proven.
Observation 3: There is no technical limitation in [1] why IFF cannot be used for RRM Scenario 3.
Observation 4: The DFF MU definition progress is almost non-existent, compared to the relatively well progressed IFF work.
A setup based on the IFF test method for RRM scenario 3 has been built and measured, obtaining promising results. 
Observation 5: based on the measurements, it can be seen that the multi-CATR test system has a performance equivalent to the single CATR system.
Furthermore, the results have been corroborated with a commercial DUT using the same RRM measurements as in 3GPP tests. 
Observation 6: The DUT SS-RSRP measurements on both single-AoA IFF and multi-AoA IFF are on the same range.
Observation 7: the results show that IFF for RRM Scenario 3 is feasible.
Based on the analysis done in this contribution, the conclusion is the following:
Proposal 1: Extend the applicability of IFF for RRM Scenario 3 and reflect this in [3] and [6], as proposed in [4] and [7].
Proposal 2: Consider IFF as the baseline for the MU definitions for RRM Scenario 3.
Observation 8: by accepting Proposal 1 and Proposal 2, RRM Scenario 3 testing has the following improvements:
· DUTs with antenna aperture D > 5 cm can be supported.
· There is no need to further study the applicability of multi-AoA DFF for multiple non-coherent apertures
· The MU can be derived based on IFF, which offers better (lower) values than for DFF.
· Most of the MU derived for the RF IFF setup can be directly re-used.
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