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1.
Introduction

At RAN4#90 in Athens there was discussion on “FR2 test setup including AoA and other configurations”, and several contributions [1], [2], [3], [4] and [5] addressed this topic. There are two main aspects:
· How the Angles of Arrival (AoA) should be chosen

· Whether the Angles of Arrival should be changed between iterations of the test
This Tdoc looks at RRM test cases with 2 AoA, and examines the time set by the test requirement and the time taken to change the Angles of Arrival between iterations of the test case.
2.
RRM Test cases with 2 AoA in TS 38.133
Phase 1 and Phase 2 Test cases requiring 2 AoA were identified using the table provided by Qualcomm in R4-190170 [5], and then identifying the relevant test case clauses in TS 38.133 [6]. Only the SA variants of the FR2 test cases are considered here. It is accepted that selecting only FR2 SA Phase 1 / Phase 2 Test cases with 2 AoA is not comprehensive, but it does give a useful picture for a first analysis.

	Category
	Test Case
	TS 38.133

clause
	Total of Time periods
	Test Requirement

	Handover
	Inter-frequency handover from FR2 to FR2; unknown target cell
	A.7.3.1.3
	15s
	702ms after T2 start
90%

	RLM
	Radio Link Monitoring Out-of-sync Test for FR2 PCell configured with SSB based
RLM RS in non-DRX mode
	A.7.5.1.1
	[33]s
	90%

	
	Radio Link Monitoring In-sync Test for FR2 PCell configured with SSB-based
RLM RS in non-DRX mode
	A.7.5.1.2
	[18]s
	90%

	
	Radio Link Monitoring Out-of-sync Test for FR2 PCell configured with CSIRS-
based RLM in non-DRX mode
	A.7.5.1.5
	[2.2]s
	90%

	
	Radio Link Monitoring In-sync Test for FR2 PCell configured with CSI-RS based
RLM in non-DRX mode
	A.7.5.1.6
	[2.2]s
	90%

	BFD and Link recovery procedures
	Beam Failure Detection and Link Recovery Test for FR2 PCell configured
with SSB-based BFD and LR in non-DRX mode
	A.7.5.5.1
	[2.2+T4+T5]s
	90%

	
	Beam Failure Detection and Link Recovery Test for FR2 PCell configured
with SSB-based BFD and LR in DRX mode
	A.7.5.5.2
	[2.2+T4+T5]s
	90%

	
	Beam Failure Detection and Link Recovery Test for FR2 PCell configured
with CSI-RS-based BFD and LR in non-DRX mode
	A.7.5.5.3
	(1.64+TBD)s
	90%

	
	Beam Failure Detection and Link Recovery Test for FR2 PCell configured
with CSI-RS-based BFD and LR in DRX mode
	A.7.5.5.4
	(1.64+TBD)s
	90%

	Intra-frequency Measurements
	(Intra-freq) SA event triggered reporting test without gap under non-DRX
	A.7.6.1.1
	10s
	1.44s, PC3
90%

	
	(Intra-freq) SA event triggered reporting test with per-UE gaps under non-DRX
	A.7.6.1.3
	10s
	1.92s, PC3

90%

	Inter-freq measurement
	(Inter-freq) SA event triggered reporting tests For FR2 without SSB time index detection
when DRX is not used (PCell in FR2)
	A.7.6.2.1
	(5+TBD)s
	TBD
90%

	
	(Inter-freq) SA event triggered reporting tests For FR2 with SSB time index detection
when DRX is not used (PCell in FR2)
	A.7.6.2.3
	(5+TBD)s
	TBD

90%


The following points come out of this tabulation:

· The Test requirements are all 90%, so multiple iterations of the test are required

· The range of test durations is about 2s to 33s, excluding setup/initial conditions time

· Many test cases have a time duration component that is TBD, in [ ], or as yet unspecified 
3.
Time taken to change the Angles of Arrival
If the Angles of arrival are changed between iterations of the test, in general the UE position will need to be changed. The 2 AoA RRM test methods specified in TR 38.810 [7] do not specify an exact implementation, so it is allowable to change angle of arrival by moving the position of the UE, of the probe, or both. Here, moving the UE position is considered.
Annex A shows the RRM Baseline setup diagram from TR 38.810 [7].
The UE positioner has 2 axes, allowing changes in theta and phi, each with a range of 0 to 360°. Calculation of the average change from one random UE position to another is ongoing, but initial analysis suggests about 130°. For simplicity, use this value although it is likely actual implementations may be able to optimise further.
If the positioner rotation rate is 20s for 180°, then 130° change would take ~14s
If the positioner rotation rate is 10rpm, (6s for 360°), then 130° change would take ~2.2s + Accel / Decel
The repositioning may require both Theta change and phi change.
It can be seen that the range of times to reposition the UE is broadly similar to the range of times set by the test requirement. Further investigation is required to assess the effect on test time more accurately, but given the significant benefit of increased test coverage by changing the Angles of Arrival between iterations of the test, Anritsu believe that it will improve the quality and coverage of the test.
If the Angles of Arrival are chosen randomly at the start of the test, and then kept fixed for all iterations of the test, the UE performance will only be tested at those angles of arrival - which may be a good direction or a bad direction for the UE. This means that if the test is run again, with another set of Angles of Arrival randomly chosen at the start of the test, and then kept fixed for all iterations, the test may provide a different result.

As the test requirements are all statistical (90%) requirement, the test case requires at least 33 iterations. It seems a good use of the iterations to explore the range of Angles of Arrival (within the spherical coverage), and also has the benefit of improving repeatability for the overall test case verdict.
4.
Way Forward

Subject to confirmation of the repositioning time and final TS 38.133 test requirements, Anritsu suggest:
· Proposal 1: Change the Angles of Arrival between iterations of the test, to improve the coverage and repeatability of the test case verdict
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Annex A:
Extract from TR 38.810 [7] defining RRM baseline setup
6.2.1
Baseline setup

6.2.1.1
Description

The baseline measurement setup of UE RRM characteristics for frequency bands above 6 GHz is capable of establishing an OTA link between the DUT and a number of emulated gNB sources and is shown in Figure 6.2.1.1-1 below.

[image: image1.emf]
Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
The UE RRM baseline measurement setup shall fulfil the following capabilities:

-
TRxPs and Cells:

-
Up to 2 NR transmission reception points TRxPs are emulated.

-
For non-standalone (NSA) NR devices, the test setup shall emulate in addition 1 LTE cell. The emulated LTE cell provides a stable LTE signal without precise propagation modelling or path loss control between it and the DUT. No performance verification for LTE carriers is supported.

-
For setups which require NR CA mode with FR1 and FR2 inter-band NR CA, test setup shall be capable to provide NR FR1 link to the DUT. The NR FR1 link has a stable and noise-free signal without precise path loss or polarization control. No performance verification for NR FR1 carriers is supported.
-
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.

-
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°.
-
Wanted and noise (AWGN) signals can be transmitted from one or both active probes. Test description will define the exact signal/noise/SNR/SINR level per TRxP at the reference point. 
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