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1 Introduction

In RAN4#105 meeting, there parts including RF, RRM, and demodulation have a lot of progress [1], in which option 2a is considered as the starting point. This contribution provides our further analysis on the RF and RRM parts.
2. Discussion
UE RF part
In WF [1], RAN4 to consider option 2a: Full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2, as the starting point and revisit if option 2a could not verify the UE RF requirements properly. 
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Referring to the conclusion of the core part [2], we found that many options were candidates in last meeting. The consensus may not be reached by one or two meetings. Thus, option 2a still cannot be verified at this stage. The test part need to wait for the conclusion of the core part and further analysis is only from test feasibility perspective.

Observation1: Option 2a can be verified until the UE RF requirements are concluded in the core part.
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The contribution [3] provides many meaningful simulation results, as shown in Table1, which compares the coverage of AoA2 at different planes in which the probe is located. When AoA1 from P0 follows the constant-step size grid with 266 unique grid points or constant density grid with 200 unique grid points, AoA2 from other probes e.g. P60, P120, P150, is difficult to meet full spherical coverage due the fixed angular offset(s) between AoA1 and AoA2. Probes in the xz plane generally provide a wider angular coverage for AoA2 when compared to probes in the yz plane [3]. In addition, the coverage is also related to the angle of AoA2 to the xy plane. For example, compared with Figure 1 and Figure 3(or Figure 2 and Figure 4), the coverage of the two is almost the same, which also can be obtained by geometrical derivation. It can be observed from Figure 5 and Figure 6 that coverage of AoA2 from P150 is larger than that of AoA2 from P60 or P120. Small coverage of AoA2, e.g. Figure 1/2/3/4, may potentially allow UEs with poor spherical coverage of AoA2 to pass the test. Our simulations provide more data to prove this rule, as shown in Table 2.

Thus, in order to obtain large coverage of AoA2, we recommend the angle between the AoA2 and the xy plane as large as possible.
Observation 2: Coverage for AoA2 is related to the offset between the AoA2 and the xy plane.
Propose 1: Angle between the AoA2 and the xy plane as large as possible is recommended to prevent the UE with poor spherical coverage of AoA2 passing the test.
Excluding 60° and 120° offset(s) between AoA1 and AoA2, a smaller offset, e.g.30° or a larger offset, e.g.150°/180° can be considered. A small offset may cause the interference from two beams. Therefore, it is recommended that a larger offset between AoA1 and AoA2, e.g.150°/180° can be applied for RF test. 
Propose 2: A large offset between AoA1 and AoA2, e.g.150°/180°, can be applied for RF test to obtain large coverage of AoA2 and small interference between AoA1 and AoA2.
When a large offset between AoA1 and AoA2 are applied, as shown in Figure 5 and Figure 6 (or Figure 7 and Figure 8), probes at different planes does not seem to have much effect on coverage of AoA2. Considering the installation of the probe, especially in IFF setup, we recommend installing the probe in the horizontal plane.
Observation 3: When a large offset between AoA1 and AoA2 are applied, the probes at different planes does not seem to have much effect on coverage of AoA2.
Propose 3: Recommend installing the probes in the horizontal plane.

Table 1:DL direction perceived by the DUT from two different system configurations with AoA2 to AoA1 probe offsets of 60°, 120°, and 150° with a constant-step size spherical coverage grid using 266 unique grid points[3]
	
	Probes in the xz plane
	Probes in the yz plane

	System Configuration
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	DL Directions perceived by DUT from Probe P60
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Figure 1
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Figure 2

	DL Directions perceived by DUT from Probe P120
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Figure 3
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Figure 4

	DL Directions perceived by DUT from Probe P150
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Figure 5
	[image: image11.png]



Figure 6


Table 2:DL direction perceived by the DUT from two different system configurations with AoA2 to AoA1 probe offsets of 30°, 50°,70,110,130, and 150° with a constant-step size spherical coverage grid using 614 unique grid points
	
	Probes in the xz plane
	Probes in the yz plane

	DL Directions perceived by DUT from Probe P30
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	DL Directions perceived by DUT from Probe P150
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 Figure 7
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 Figure 8

	DL Directions perceived by DUT from Probe P50
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	DL Directions perceived by DUT from Probe P130
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	DL Directions perceived by DUT from Probe P70
	[image: image20.png]



	[image: image21.png]p
:<((((((={é:r :





	DL Directions perceived by DUT from Probe P110
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UE RRM part

In the last meeting, there are two options on the measurement setup for UE RMM testing. For option1, if the more probes are added to support more angular separations which are not tested in the UE RF testing, how to ensure that the signal from the probes meets the N% percentile EIS spherical coverage according the legacy requirement, as shown below.
Propose 4: Recommend Option 2a in UE RF as the baseline for UE RRM testing.
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In option 2a, there will be two active AoAs (AoA1 and AoA2.) in each test cases. The choice of the two active AoAs is subject UE RF scanning. It means after the scanning, TE can record multiple AoA pairs where UE can perform “simultaneous reception”. For the AoA selection in legacy RRM requirements, the 2 probes are selected from set of directions corresponding to the EIS spherical coverage percentile. The above AoA selection method works well for legacy single reception cases, where the changing/switching of AoA for reception is always within the direction that can satisfied the EIS requirements for each iteration. And for simultaneous reception case, this can still work for some requirements, where the 2 active AoAs for simultaneous reception do not change during the test. For instance, the TCI states are constant during the test cases without TCI switching. However, there are also requirements which are under discussion in RRM core requirements which may involve more AoAs. For instance, TCI state switching from dual TCI to dual TCI. At these worst case, there could be 2 AoA pairs in the test, and for each AoA pairs, UE shall be able to perform simultaneous reception. For this particular test case, it is difficult to guarantee that there are two pair of AoAs each of which can support simultaneous reception for the DUT.
Observation 4: For TCI switching case from dual TCI to dual TCI, it is difficult to guarantee that there are two pair of AoAs each of which can support simultaneous reception for the DUT.

3 Conclusions.
In our contribution, we share our views on test method for RF/RRM multi-Rx.
Observation 1: Option 2a can be verified until the UE RF requirements are concluded in the core part.

Observation 2: Coverage for AoA2 is related to the angle between the AoA2 and the xy plane.
Propose 1: Angle between the AoA2 and the xy plane as large as possible is recommended to prevent the UE with poor spherical coverage of AoA2 passing the test.

Propose 2: A large offset between AoA1 and AoA2, e.g.150°/180°, can be applied for RF test to obtain large coverage of AoA2 and small interference between AoA1 and AoA2.
Observation 3: When a large offset between AoA1 and AoA2 are applied, the probes at different planes does not seem to have much effect on coverage of AoA2.
Propose 3: Recommend installing the probes in the horizontal plane for UE RF testing.
Propose 4: Recommend Option 2a in UE RF as the baseline for UE RRM testing.

Observation 4: For TCI switching case from dual TCI to dual TCI, it is difficult to guarantee that there are two pair of AoAs each of which can support simultaneous reception for the DUT.
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Issue 1-2-1: Measurement setup for UE RF testing


Agreement: 


RAN4 to consider option 2a as the starting point and revisit if option 2a could not verify the UE RF requirements properly.





Option 2a: Full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2. 


�





1.1.2 Requirement concept for UE RF 


Candidate Proposals


Option 1: Requirement is based on 2AoA directional sensitivity statistics. 


Option 1a: Spherical coverage requirement is based on a pair-wise EIS value defined as max(EIS_AoA1, EIS_AoA2). (R4-2218166)


Option 1b: spherical coverage requirement is defined based one “joint sensitivity”, i.e., . TJ2AS = f(J2ASAoA1, AoA2, J2ASAoA1, AoA2, J2AS AoA1 AoA2, J2AS AoA1, AoA2) for sDCI (R4-2219852)


Option 1c: Spherical coverage requirement is based on EIS degradation, i.e. EIS tolerance = max(∆EIS_1, ∆EIS_2) ≤ [TBD] dB (R4-2218874)


Option 2: Requirement is based on the spherical coverage EIS of AoA1 (which is swept over the full sphere), and a fixed/pre-defined power level for AoA2 (R4-2218166)


Option 3: Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level. In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%. (R4-22218755, R4-22219497)


Option 4: RAN4 considers specifying the demod requirements of multi-Rx in FR2 with pre-defined side condition, instead of defining the two-AoA spherical coverage requirement (R4-2218166)


Agreement (in chairman notes): 


Only consider the requirement listed in the WID.





Agreement: Multi-Rx requirement concept can be further discussed based on the listed candidate options. Interested companies are encouraged to provide analysis in next meeting. Other candidate options are not precluded.





-	Scenario 3: RRM requirement with two Angle of Arrivals (2 AoAs).


-	Test directions:


-	Both signals come from the directions covered by the N% percentile EIS spherical coverage of the DUT


-	The angle between two probes should match the relative probe spacing of 30, 60, 90, 120, 150 deg and UE is in the directions in which the UE RRM test cases can be performed. 


-	Value of N is according to FR2 UE power class, as defined in TS 38.101-2 [16] clause 7.3.4.
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