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1. Introduction
In this contribution we discuss OTA testing for NR which will be used especially in FR2 but will also be needed for any test where an FR2 carrier is configured (e.g. NSA FR2 operation, FR1+FR2 CA etc).
2. Discussion

2.1. OTA tests

OTA tests are needed, at least for the following cases

Proposal 1: OTA tests are developed for 
· FR2 SA operation

· FR1+FR2 SA CA operation

· NSA LTE + FR2 operation

· NSA LTE + FR1 + FR2 operation (subject to discussion on number of cells)
Overall, we think that the primary objective from RRM OTA testing should be firstly to provide a similar level of test coverage as conducted RRM tests. A later objective can be to verify antenna performance (and to an extent antenna performance is verified as part of RRM tests such as measurement accuracy) and corresponding baseband algorithms such as RX beam selection, however we think it is reasonable to start with a similar test case list (and high-level objectives) for OTA testing as for conducted testing.

Proposal 2: For release 15 RRM tests, the focus should be on verifying RRM core requirements rather than antenna performance
In 38.810 (testability TR), there is a description of the baseline OTA test setup. We have copied it below and highlighted some key areas which are relevant to the test case design. In our understanding:

· There can be up to 2 emulated TRxPs, which may also have different PCI. In most RRM tests a neighbour cell is needed, so this agreement means that the maximum configuration is one NR serving cell and one NR neighbour cell. In some tests such as tests related to TX timing, RLM etc a neighbour cell might not be needed
· There can be one LTE cell. For EN-DC tests this will necessarily need to be the PCell, and for NE-DC tests this will necessarily need to be the PSCell. Hence it is not possible to check LTE neighbour cell measurements in the OTA environment
· GSM and UMTS cells are not mentioned in 38.810, so we assume that for EN-DC it is not possible to check GSM or UMTS measurements. Naturally,  the LTE standalone RRM tests would also be run (as conducted tests) on a UE supporting EN-DC so the UE could be verified to measure GSM and UMTS correctly without an NR serving cell.

· Release 15 supports NMAX_AoAs = 2. This appears to be an independent limitation to the number of TRxPs, i.e. if a test case uses a serving cell and a neighbour cell, then they could either both be provided to the UE with the same two AoAs, or if it is desired to have a different AoA for the serving and neighbour cell then each cell is provided to the UE with a single AoA. It is also important to note that the angular relationship between the two simultaneously active AoAs must be 30°, 60°, 90°, 120°, 150° and 180°.
· The UE positioning system has two axes of freedom, meaning that the test can be performed, in principle, with any UE rotation around these two axes. Considering, for example, a measurement accuracy test, the UE can be rotated, and a CDF generated for RSRP measurements in different directions. So, pass/fail criteria might need to consider different orientations, e.g. that the test requirement is met for X% of possible UE orientations.
· Only polarisation diversity is considered in case multiple TX antennas are needed in RRM tests. In LTE 2TX operation has only been used in RLM tests.

· TDL or static (AWGN?) propagation conditions are possible. 

	6.2
Measurement setup

6.2.1
Baseline setup

6.2.1.1
Description

The baseline measurement setup of UE RRM characteristics for frequency bands above 6GHz 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.
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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.

-
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.

-
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°, 150° and 180°. 
-
Multiple DL transmission antenna ports: 

-
In case of multiple DL transmission antenna ports are required for RRM testing, the transmission scheme is polarization diversity.
-
Propagation Conditions
-
Test method shall allow modelling of the following propagation conditions between the DUT and the emulated gNB sources
-    Multi-path fading propagation conditions

-    Multi-path fading propagation conditions between the DUT and the emulated gNB sources are modelled as Tapped Delay Line (TDL).

-
TDL channel methodology for RRM testing adopts the same framework of Demodulation. Detailed channel parameterization should be defined in the NR WI performance part.

-    Static propagation conditions
-
Measurement Uncertainty: 

-
It is likely that the measurement uncertainty budget for the RRM setup may contain additional measurement uncertainty elements relative to the setup defined in 5.2.1.

-
Applicability Criteria:

-
For UE RRM baseline measurement setup based on DFF, the applicability criteria defined for the DFF UE RF test method described in Section 5.2.1 can be applied.
Note: Using UE Demodulation baseline setup in Section 7.2 to perform selected RRM metrics testing is not precluded. Feasibility and applicability of this condition should be investigated in the NR WI performance part.




Based on the considerations of 38.810, the OTA test environment is necessarily simpler in terms of number of cells etc than RAN4 has been used to for conducted testing.

Observation 1: The OTA test environment is necessarily simpler than the conducted test environment especially in terms of number of emulated cells.
TR 38.810 also provides the following useful list of test parameters and metrics that can be set/measured in an RRM test. In addition, we assume that any aspect of the UE signalling may be checked as a metric (such as measurement reports from UE, timing of RRC signalling etc).
	The following test parameters and metrics need to be supported for UE RRM testing.
Test parameters for RRM testing to be controlled:
-
SNR of DL signal at reference point.

-
DL power level at reference point (e.g. EPRE) (from AoA).

-
Relative DL power level of 2 signals at reference point


-
From intra-frequency or inter-frequency cells


-
From the same AoA or different AoAs

-
Relative DL timing of 2 signals at reference point

-
Faded DL channel for each signal

-
AoA for signals arriving at reference point

Metrics for RRM testing:
-
UL PRACH level transmitted by the UE 
-
Relative UL PRACH level transmitted by the UE

-
Timing of UE UL transmission relative to DL signal

-
Relative timing change of UE UL transmission relative to DL signal

-
Timing measurement of UL events caused by events on the DL


There are some aspects which are worthy of further discussion in RAN4
· The DL power level at a reference point (e.g. EPRE) (from AoA) is controllable. However, the OTA measurement definition includes antenna gain (a UE with higher RX antenna gain will report a greater SS-RSRP). Since UE antenna gain (and RX beam sweep operation) is up to UE implementation, the UE nominal SS-RSRP is unknown even if the reference point DL power level is known. Similarly, there is no way to know nominal difference in reported SS-RSRP between two cells either.
Observation 2: Nominal SS-RSRP at the UE receiver, and nominal SS-RSRP difference at the UE receiver when signals arrive from a different AoA are in general unknown in OTA tests
· The SNR of the DL signal at a reference point (so external to the UE) can be set. It would also be possible to compute SINR at a reference point, since the interfering DL signal power level at the reference point is also a controllable parameter. However, what matters in the end for UE performance in a UE performing analogue beamforming is the SINR at baseband. If we imagine a simple test such as detection and measurement of a neighbour cell which arrives from a different AoA than the serving cell, then the UE will perform RX beam sweep and perform PSS/SSS sync and L1 measurement of the new cell using the best RX beam direction. For this RX beam direction, the serving cell will be an interferer, however the antenna gains for the serving cell, especially when the UE is receiving from a different AoA than the serving cell, is unknown. Hence
Observation 3: SINR at the UE receiver is in general unknown in OTA tests when interference arrives from a different AoA than the serving cell.
RAN4 needs to discuss and resolve the issues raised in observation 2 and 3, since the majority of, or even all RRM tests cannot be implemented without an understanding of the expected RSRP or SINR (side conditions). One way forward would be to better understand the bounds of minimum and maximum antenna gain. For instance, DL antenna gain cannot be unbounded at the lower end of the range, otherwise the UE could not meet EIS requirements. Providing an upper bound on antenna gain may be more difficult, but it is also clear that a UE with extremely narrow RX beams would not work well since it would be very sensitive to tiny changes in orientation or external environments.
We do not expect that these issues will be solved in the testability study item since they are related to UE implementation rather than the test environment, but they are also critical precursors to developing OTA tests since there is a need to map between core requirements and the expected test outcome. For example, if we consider an absolute SS-RSRP accuracy test, it is clearly critical to understand the minimum and maximum SS-RSRP that may be reported by the UE when the DL signal at the reference point is controlled to be a certain power level.

Proposal 3: RAN4 needs to discuss the role of UE antenna gain and beam sweeping in determining test requirements.
3. Conclusion

Proposal 1: OTA tests are developed for 
· FR2 SA operation

· FR1+FR2 SA CA operation

· NSA LTE + FR2 operation

· NSA LTE + FR1 + FR2 operation (subject to discussion on number of cells)
Proposal 2: For release 15 RRM tests, the focus should be on verifying RRM core requirements rather than antenna performance
Observation 1: The OTA test environment is necessarily simpler than the conducted test environment especially in terms of number of emulated cells.
Observation 2: Nominal SS-RSRP at the UE receiver, and nominal SS-RSRP difference at the UE receiver when signals arrive from a different AoA are in general unknown in OTA tests
Observation 3: SINR at the UE receiver is in general unknown in OTA tests when interference arrives from a different AoA than the serving cell.

Proposal 3: RAN4 needs to discuss the role of UE antenna gain and beam sweeping in determining test requirements.
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