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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In the last version of TR 38.810, presented to RAN_79 plenary in [1], the RRM baseline setup is defined as follows:
[bookmark: _Toc508617250]6.2.1	Baseline setup
[bookmark: _Toc508617251]6.2.1.1	Description
The baseline measurement setup of RRM characteristics for f > 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.
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Figure 6.2.1.1-1: Baseline measurement setup of RRM characteristics
The RRM baseline measurement setup shall fulfill 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, it is assumed that NMAX_AoAs = [2]. The validity of this assumption depends on the definition of the test requirements.
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°. In case of NMAX_AoAs > 2, the angular relationship between NMAX_AoAs simultaneously active AoAs is FFS.
Multiple DL transmission antenna ports: 
- 	In case of multiple DL transmission antenna ports are required for RRM testing, the transmission scheme is polarization diversity.
Fading Propagation Conditions:
-	Fading propagation conditions between the DUT and the emulated gNB sources are modeled as Tapped Delay Line (TDL).
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:
-	The system applies at least to DUTs with a radiating aperture of D ≤ 5cm.
-	[A manufacturer declaration on the following elements is needed:
- 	Manufacturer declares antenna arrays size.
-	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.]
Discussion
From the definition of the baseline system above, a few key parameters can already be extracted:
· The number of NR Cells is limited to 2.
· The number of simultaneously active AoAs is [2].
· The fading (if required) is modelled as TDL.
· There is a positioning system to allow free rotation between the DUT and all the N antenna.
· The angular relationship between the active antennas (2) and the DUT is fixed. These angles are: 30°, 60°, 90°, 120°, 150° and 180°.
Observation 1: These parameters are a result of the testability SI. The requirements in TS 38.533 are not yet defined, although preferably they should comply with the above parameters.
Observation 2: It would be desirable from RAN5 perspective that the test requirements comply with the parameters on the Testability SI.
Observation 3: Some of the parameters are still provisional. A discussion in RAN5 could help speeding up the process to finalize these.
Observation 4: Opposite to RF, the RRM BSL is a description of what capabilities a TE shall support, but not a definition/restriction on how the TE should be implemented.
The definition of the RRM BLS has been a long process involving multiple parties, and most of the times more focused on “what can I do?” in the sense of what kind of scenarios can be supported, rather than on “what do I need?” i.e. what kind of test requirements do we need to fulfil, always within the given timeframe. Hence, in this contribution the proposal on how to finalize the remaining parameters on the BLS is based on the test requirement analysis in [2]. Only after this analysis is done, it makes sense to start analysing whether the TE is feasible or any further simplifications are needed.
Based on the analysis presented in [2], it can be noticed that all probable RRM NR FR2 Test Scenarios for Rel-15, except maybe some measurement procedure scenarios, can be covered with a maximum of 2 NR Cells, which is aligned with the current BLS. 
On the number of simultaneously active AoAs, there are a few things to consider:
· The fading model is BLS is TDL.
· Intra-cell beam scenarios (the DUT sees multiple beams from the same cell) and inter-cell scenarios (the DUT sees multiple cells) can be tested separately.
· The number of simultaneously active antenna is critical for the test equipment complexity.
Based on these considerations, it is proposed that the number of simultaneously active AoA remains fixed at 2. This would allow to have the antenna distributed in an arc within the anechoic chamber and would also limit the number of HW resources required.
Observation 5: A maximum number of simultaneously active AoA for Rel-15 RRM NR FR2 tests of 2 is desirable from Test Equipment complexity point of view.
Regarding the set of angular relationships between the two active antenna and the DUT, RAN5 should discuss whether the 180° are really required. At 180°, the signals coming from the two antenna at opposite directions into the quiet zone will highly interfere with each other, affecting the quality of the quiet zone. Also, the question is whether such scenario is relevant in reality. For that scenario to happen, the DUT should be seeing two NR gNBs at exactly opposite points in the horizon plane. Geometrically, that is possible only in three situations: 
1. Both gNBs are at an infinite distance in exactly opposite directions.
2. The two gNBs and the DUT are at exactly the same altitude.
3. One of the gNB is at lower altitude than the DUT.
Situation 1 is not possible in reality. Situations 2 and 3 although possible are unpractical / corner cases, especially if the DUT is a mobile phone.
Observation 6: An angular relationship of 180° between two active antenna and the DUT does not seem very realistic and presents severe technical challenges.
After the analysis in [2], Table 1 has been concluded, given a summary of potential RRM test cases:
Table 1: Potential RRM Test Scenarios for FR2
	RRM areas
	RAT
	Number of NR Cells/Beams
	Number of NR TRxP
	Number of simultaneous AoA
	MIMO Config1.
	Fading
(yes or no)
	NSA/SA

	RRC IDLE State Cell Re-Selection
	NRNR
	2
	2
	<=2
	Rx Diversity
	No
	SA

	RRC IDLE State Cell Re-Selection
	NRLTE
	1
	1
	1
	Rx Diversity
	No
	SA

	RRC Inactive Cell Re-Selection
	NRNR
	2
	2
	<=2
	Rx Diversity
	No
	SA

	RRC Inactive Mobility Control
	NRNR
	2
	2
	<=2
	Rx Diversity
	No
	SA

	RRC Connected State Cell HO
	NRNR
	2
	2
	<=2
	Rx Diversity
	No
	SA

	RRC Connected State Re-establishment
	NRNR
	2
	2
	<=2
	Rx Diversity
	No
	SA

	RRC Connected State Random Access
	NR
	1
	1
	1
	Rx Diversity
	No
	SA

	RRC Connected State Re-Direction
	NRLTE
	1
	1
	1
	Rx Diversity
	No
	SA

	UE Transmit Timing
	NR
	1
	1
	1
	Rx Diversity
	No
	Both

	Timing Advance
	NR
	1
	1
	1
	Rx Diversity
	No
	Both

	Radio link monitoring
	NR
	1
	1
	1
	Tx Diversity and Rx Diversity
	Yes
	Both

	Interruption for DC
	NR
	2
	2
	<=2
	Rx Diversity
	No
	NSA

	Interruption for CA
	NR
	2
	2
	<=2
	Rx Diversity
	No
	SA

	Measurement Procedures
	NR
	>=22
	>=22
	>=22
	Rx Diversity
	Yes
	Both

	Measurement Procedures3
	NR, LTE
	<=2
	<=2
	<=2
	Rx Diversity
	Yes
	SA

	Measurement Performance
	NR
	<=2
	<=2
	<=2
	Rx Diversity
	No
	Both

	Measurement Performance3
	NR, LTE
	<=2
	<=2
	<=2
	Rx Diversity
	No
	SA

	Note 1: Rx Diversity in this context means the TE will transmit a single polarized SISO signal. The UE will receive the signal at its multiple Rx antenna.
Note 2: >2 cells might be required for Increased Monitoring Scenarios (Similar to LTE 8.11 series in TS 36.521-3).
Note 3: In this case, the LTE is not a link, but a neighbor cell target for the measurements.



From Table 1, it can be seen that the only RRM tests configuring any kind of MIMO (more than the usual Rx Diversity) are the RLM test cases. According to the BLS, for these tests the Tx Diversity will be reached by using polarization diversity (transmitting on both H and V polarizations on the transmit antenna).
Observation 7: For RLM test cases, if Tx Diversity scheme is required, it will be modelled as polarization diversity.
From [2], another important point is that combined complexity (i.e. mixing high number of TRxPs with complex channel models and/or MIMO schemes) should be avoided if possible, as it greatly increases the complexity of the TE.
Observation 8: Combined complexity should be avoided whenever possible. Scenarios with 2 TRxP should not incorporate additional complexity like MIMO.
Conclusion
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Based on the discussion presented in this paper, the following key points impacting the complexity of RRM BLS have been identified: 
· The number of cells and AoA: most of RRM test cases can be covered with up to 2 NR cells and 2 simultaneously active AoA. However, there may be a few tests (i.e. increased monitoring tests in measurement procedures) where three cells / AoAs are needed. This parameter will have a critical impact in the test equipment complexity. An additional cell will require additional resources (a third cell will required ~50% more HW resources than the 2 cell setup). 
· The number of MIMO layers: similarly to the number of cells, an extra MIMO layer will require additional HW resources from the test equipment. For RRM, most of the test cases are SISO. However, RLM requires Tx diversity, meaning two signal streams are required for one cell. 
· The combination of multiple cells with Tx diversity (combined complexity) multiplies the number of resources needed.
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