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1. Introduction
In RAN4 #83 meeting, a WF in [1] on RRM testability was approved. The WF agreed to have a maximum of [2] TRxPs, with the possibility to have a third TRxP as TBD. A second WF in [2] was discussed and approved on the RRM Test Requirements for NSA.
Based on both WF as input, as well as assuming similarity between existing LTE and upcoming NR RRM requirements, this contribution provides an analysis of the potential RRM Test Cases for NSA and SA with the purpose of identifying critical parameters – especially with focus on number of TRxPs and AoA to be provided – that will influence the Test Equipment complexity. This is concluded with a concrete revision proposal for the RRM baseline test system.  
2. Discussion
Most of RRM requirements are results of measurements done on available reference signals. The UE will probably choose among the best available cells / beams. As such there is no obvious reson for considering measurements other than those on the center of the beam. Thus the initial assumption is that:
Observation 1: RRM Test Requirements focus only on center of the beam measurements. 

In the following we summarize the key parameters, which we think are the most relvant to assess the complexity of the Test Equipment for NR OTA testing:

· Number TRxPs, where crucial is the maximal number of TRxPs which are simultaneosly active 
· Spatial resolution, as complexity metric for testing the requirement for different absolute AoA of a single NR signal, or relative AoA between two NR signals
· Propagation conditions (AWGN, Fading – not the main focus of this paper)
· Far field / Near field measurement (not handled in this paper)
Assuming that the basic RRM functionalities are defined and tested similarly as in LTE, as well as based on WF in [2], the following provides an analysis of the expected test cases with respect of the above key parameters. In order to simplify the analysis, the test cases have been divided in chapters according to WF in [2]. 

Mobility 

The first table covers Mobility test cases. Our assumption is that there will be generally 2 cells, one NR and the other either NR or LTE depending on the use case. For NSA, as agreed in [2], there will be no new requirements for most of mobility cases, since the mobility is handled purely in the LTE master cell, and as such covered in legacy LTE tests.

	Chapter
	Test Type
	RAT
	Cells
	AoA / Space resolution
	NSA
	SA
	OTA TRxP
	Propagation

	A.4 RRC_Idle State Mobility
	Re-Selection
	NR ( NR
	2
	Static / Low
	No
	Yes
	2
	AWGN

	
	
	NR (( LTE
	2
	Static / Low
	No
	Yes
	1
	AWGN

	A.5 RRC_Inactive State Mobility
	Re-Selection
	FFS
	2
	Static / Low
	FFS
	FFS
	1-2
	AWGN

	A.6 RRC_Connected State Mobility
	Handover
	NR ( NR
	2
	Static / Low
	No
	Yes
	2
	AWGN

	
	
	NR (( LTE
	2
	Static / Low
	No
	Yes
	1
	AWGN

	
	RRC Re-establishment
	NR ( NR
	2
	Static / Low
	FFS
	Yes
	2
	AWGN

	
	Random Access
	NR, (LTE)1
	1, (2)1
	Static / Low
	Yes
	Yes
	1
	AWGN

	
	Re-Direction
	NR (( LTE
	2
	Static / Low
	No
	Yes
	1
	AWGN

	Note 1: For NSA, Dual Connectivity between LTE and NR (with Option 3), LTE is conducted and does not require TRxP.


The first observation from the table is that for these tests a maximum of 2 TRxPs are required. 
Regarding the mobility, it is not yet decided how it is emulated, just by changing stepwise TPs power, or also direction. However we believe that as per now the AoA can be static during the test. 
On the other hand if the mobility procedures (Reselection, HO, Random Access…) need to be successful irrespectively of the direction from which the signal is coming, testing with several (static) AoAs is required. For these test cases the AoA is probably not the main focus of the test, as such the space resolution can be low, e.g. [3] test points (subtests?). 
Timing and Signaling characteristic

The second table analyses the Timing and Signaling characteristics test cases. These tests will have in the simplest scenario just 1 cell, but the number of cells increases for potential NR Carrier Aggregation and / or NR Dual Connectivity. Tests will be required for both NSA and SA.

	Chapter
	Test Type
	RAT
	Cells
	AoA / Space resolution
	NSA
	SA
	OTA TRxP
	Propagation

	A.7 Timing Characteristics
	UE Transmit Timing
	NR, (LTE)1
	1, (2)1
	Static / Low
	Yes
	Yes
	1
	AWGN

	
	
	NR CA, (LTE)1
	>1
	Static / Low
	FFS
	FFS
	1
	AWGN

	
	UE Timing Advance
	NR, (LTE)1
	1, (2)1
	Static / Low
	Yes
	Yes
	1
	AWGN

	
	
	NR CA, (LTE)1
	>1
	Static / Low
	FFS
	FFS
	1
	AWGN

	
	PSCell Addition / Release /Change delay
	NR, (LTE)1
	31
	Static / Low
	Yes
	FFS
	3,(2)1
	AWGN

	
	Maximum Receive Timing Difference in Dual Connectivity
	NR, (LTE)1
	21
	Static / Low
	FFS
	FFS
	2,(1)1
	AWGN

	
	Maximum Transmit Timing Difference in Dual Connectivity
	NR, (LTE)1
	21
	Static / Low
	FFS
	FFS
	2,(1)1
	AWGN

	
	NR SCell Activation and deactivation delay
	NR CA, (LTE)1
	>=2
	Static / Low
	Yes
	Yes
	1
	AWGN

	A.8  Signaling Characteristics
	RLM
	  NR, (LTE)1
	1, (2)1
	Static / Low
	Yes
	Yes
	1
	AWGN/Fading

	
	Interruption with DC
	  NR, (LTE)1
	21
	Static / Low
	Yes
	Yes
	2,(1)1
	AWGN

	Note 1: For NSA, Dual Connectivity between LTE and NR (with Option 3), LTE is conducted and does not require TRxP.


As observed in the table, for UE transmit timing, UE timing advance, RLM and Interruption tests, only 1 NR cell is required (+ 1 LTE cell for NSA). For DC timing tests in NSA mode, most of the scenarios are also covered with 1 NR Cell + 1 LTE cell, whereas if there will be DC NR for SA mode, 2 NR Cells are required. PSCell addition / release / change delay tests in SA could require up to 3 NR cells which means 3 TRxP.

In addition in case of NR Carrier Aggregation, the complexity of the tests depends on two questions:

· How many aggregated cells should be configured?

· Is it safe to assume that aggregated cells come from the same gNB?

Following the same rational as for mobility, testing with few (low space resolution) static AoA might be required.
Measurement Procedure and Performance

The last table analyses Measurement Procedure and Measurement Performance tests. 

	Chapter
	Test Type
	RAT
	Cells
	AoA / Space resolution
	NSA
	SA
	OTA TRxP
	Propagation

	A.9 Measurement Procedures
	Cell Measurements
	NR, (LTE)1
	2, (3)1
	FFS (Dynamic?)
	Yes
	Yes
	2
	Fading

	
	
	NR, LTE (inter-RAT)
	FFS (<=3)
	FFS (Dynamic?)
	No
	FFS
	FFS (<=2)
	Fading

	
	
	NR CA, (LTE)1
	>=2
	FFS (Dynamic?)
	FFS
	FFS
	1
	Fading

	
	Beam Management
	NR, (LTE)1
	FFS
	FFS (Dynamic?)
	Yes
	Yes
	FFS
	FFS

	A.10 Measurement Performance Requirements
	Serving Cell Measurements
	NR
	1
	Static / High
	No
	Yes
	1
	AWGN

	
	Measurement Accuracy
	NR, (LTE)1
	2, (3)1
	Static / High
	Yes
	Yes
	2
	Fading

	
	
	NR CA, (LTE)1
	>=3
	Static / High
	FFS
	FFS
	2
	Fading

	Note 1: For NSA, Dual Connectivity between LTE and NR (with Option 3), LTE is conducted and does not require TRxP.


From the table, it can be concluded that these tests require a maximum of 2 TRxP. 
We believe that AoA is importatnt for the test purpose, at least for measurement accuracy tests. As such testing with (static) AoAs should be required, probably with higher space resolution than in the other tests above.

Worth to notice is that the Measurement Procedure (events) for NR and Beam Management tests are not yet defined. The test method will depend on the requirement definition, and the AoA might be required to be dynamic, i.e. change during the test. 
The analyses above and few more points are summarized in the following observations:

Observation 2: For 95% of the RRM test scenarios, a maximum of 2 TRxP is required.
Observation 3: For mobility, timing and signaling characteristics tests, the AoA of the NR signals is not critical for the test purpose, as such only few (low space density) static AoAs have to be tested.

Observation 4: For measurement accuracy tests, the AoA of the NR signals can be critical, as such many (high space density) static AoAs have to be tested.
Observation 5: NR measurement events are FFS. The test method for measurement procedures depends on these events. Whether AoA is critical or not remains FFS.

Observation 6: Beam Management are also FFS. Here it would be crucial, how many beams are required, and whether their AoA are dynamic (changes during the test)?

Observation 7: Fading is only required for RLM, measurement procedures and measurement accuracy tests. Spatial fading is limited by the beam width. RAN4 should decide on the reference beam width in order to determine the type of fading profiles required.

Observation 8: In all the LTE cases OCNG is used. In case of NR it is unclear how OCNG can de defined and generated. Does it requires another TP?

3. Conclusion
Based on the above analysis and observations, following proposals are suggested as initial basic assumptions for test system design:

Proposal 1: 
RRM Requirements are defined for measurement in the center of the beam.
Proposal 2: 
The RRM baseline test system shall have 2 TRxP. A third TRxP needs to be introduced only for certain test requirements such as PSCell Change delay with (potential) NR DC.
Proposal 3: 
For most of RRM test cases the AoA during the test are static. However in order to ensure that the UE fulfills the requirements for different AoA, several Test Points (Subtests?) can be defined with given (low / high) space resolution.

Proposal 4:
For mobility, timing and signaling characteristics test cases, which are probably not sensitive to AoA, define [3] test points (low space resoulution) with different AoA for the target cell.
Proposal 5: 
For measurement accuracy tests, which are probably sensitive to AoA, define TBD test points (dense space resolution) with different AoA for the measurement cell. 
Proposal 6: 
For Measurement Procedure and Beam Management (which are still FFS) dynamic AoA during the test might be required.

Proposal 7: 
For progress in fading discussion, reference beam width needs to be concluded by RAN4. The thinner the beam, the less spatial fading required. Fading profiles shall be studied according to this reference beam width.
Proposal 8:
Based on the proposals above, the baseline system RRM can be simplified with regards of relative angles between DUT / TRxPs since the present complexity seems not to be required:

· N antennas emulating N gNB sources, where N ≥ 2 (depending on the test scenario)

· 1 positioning system with 1 axes of freedom (angle between the N gNB antennas and DUT)

· 1 antenna independently controllable angular relationship with the DUT with 2 axes of freedom
· Independently controllable angular relationship between all N antennas is not required
In addition RAN4 needs to address the following open points:

Question 1: 
Will NR-CA / NR-DC be considered in Rel-15? 

Question 2: 
In case yes, how many aggregated NR carriers shall be considered? 
Can it be assumed that NR CA Cells will come from the same gNB?

Question 3: 
Will NR-OCNG be used for RRM requirements and does it require an additional TP?
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