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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN5 #78, the status of RRM 5G NR standardization and the way forward to start the work in RAN5 was discussed [1], [2]. It was agreed to start an analysis of probable RRM test scenarios for FR2 and try to fill a table similar to Table 1-1.
Table 1-1: Potential RRM Test Scenarios for FR2
	RRM areas
	Number of Cells/Beams
	Number of TRxP
	Number of simultaneous AoA
	MIMO Configuration
	Fading 
(yes or no)
	NSA/SA

	RRC IDLE State Mobility
	  
	  
	  
	  
	  
	

	RRC Inactive State Mobility
	
	
	
	
	
	

	RRC Connected State Mobility
	
	
	
	
	
	

	Radio link monitoring 
	  
	  
	  
	  
	  
	

	Timing 
	  
	  
	  
	  
	  
	

	Interruption
	
	
	
	
	
	

	Measurement Procedures 
	  
	  
	  
	  
	  
	

	Measurement Performance
	
	
	
	
	
	



This contribution tries to fill Table 1 based on current RRM NR specification in RAN4 [3] and legacy LTE RRM test cases. Also this work should enable a preliminary version of the RRM sub-area WP for 5G NR.
Discussion
TS 38.133 [3] currently contains also the core sections and some of the performance sections. The test cases will be part of the Annex A, which is still empty. The current plan is to finish the core part in May (RAN4 #87) and focus on the performance part after that. Nevertheless, the test cases should mirror the core sections, so these can be used as a start point. Table 2-1 does a comparison between current core sections in TS 38.133 and the test case sections in TS 36.133.
From Table 2-1, a few observations can be made:
Observation 2.1: Most of the requirements are similar to LTE. Only Inactive-State related requirements are new at this point.
Observation 2.2: For the requirements where there are no LTE tests, it seems reasonable to assume that there will be no NR tests at this point.
Observation 2.3: Some LTE requirements (carrier aggregation, LAA, positioning …) do not have an NR counterpart yet. For some of them, the counterpart might come in Rel-15, while for others (e.g. positioning) it will only be in Rel-16. For some other requirements there might be no NR counterpart.
Based on the observations above, it seems that LTE RRM legacy tests are a good start point to analyse potential NR RRM scenarios.
A notorious absence in the RRM requirements at this point are any kind of beam-related procedures. Beam-related procedure can be for instance any kind of mobility between two beams of the same cell. As the beam is characterised by a beam index, this test scenario can be handled analogously to a mobility scenario between two cells (i.e. two beams of different cells). Another possibility is to have a beam-tracking scenario in which the DUT is moving and it needs to keep readjusting its beam towards the base station: this could be a type of RLM test.
Table 2-1: Comparison of TS 38.133 and TS 36.133
	TS 38.133
	TS 36.133

	Idle State Mobility Cell Selection
	No Tests in LTE

	Idle State Mobility Cell Re-Selection
	Idle State Mobility Cell Re-Selection (also inter-RAT)

	Inactive State Mobility Cell Re-Selection
	Inactive state did not exist for LTE

	Inactive State Mobility Control
	Inactive state did not exist for LTE

	Connected State Mobility Handover
	Connected Mode Mobility Handover (also inter-RAT)

	Connected State Mobility Control: RRC Re-establishment
	RRC Connection Control: RRC Re-establishment

	Connected State Mobility Control: Random Access
	RRC Connection Control: Random Access

	SA RRC Connection Release with Redirection (NR > LTE)Missing (but probably use case for SA NR LTE)
	RRC Connection Release with Redirection (inter-RAT)

	UE Transmit Timing
	UE Transmit Timing

	UE Timer Accuracy
	No direct tests in LTE

	Timing Advance
	UE Timing Advance

	Radio Link Monitoring
	Radio Link Monitoring

	Cell phase synchronization accuracy
	No direct tests in LTE

	Maximum Transmission Timing Difference
	No direct tests in LTE

	Maximum Transmission Receive Timing Difference
	No direct tests in LTE

	NSA Interruption for DC
	Interruption for DC

	SA Interruption for CA
	Interruption for CA

	Scell Activation and Deactivation Delay
	No direct tests in LTE

	UE UL carrier reconfiguration delay
	No Tests in LTE

	Measurement Procedures: NR Intra/Inter-Frequency Measurements
	Measurement Procedures: E-UTRAN TDD Intra/Inter-Frequency Measurements

	Inter-RAT: NR – E-UTRA measurements
	N/A

	N/A
	Inter-RAT: E-UTRA – other RATs

	No requirements in NR (at least yet)
	Carrier Aggregation, LAA, DC (LTE-LTE), … 

	Measurement Performance: NR Intra/Inter-Frequency RSRP/RSRQ
	Measurement Performance: E-UTRA Intra/Inter-Frequency RSRP/RSRQ

	Inter-RAT: NR – E-UTRA measurements
	N/A

	N/A
	Inter-RAT: E-UTRA – other RATs

	No requirements in NR (at least yet)
	RxTx TD, RSTD, SSTD, RSSI, Channel Occupancy, RS-SINR


Analysis of legacy LTE Scenarios
In this section, the legacy LTE scenarios identified in Table 2-1 will be analyzed.
Mobility
From the TE complexity point of view, mobility scenarios can be handled together: whether the test is Re-Selection, Handover or Re-Direction is important for the protocol part, but does not affect the HW complexity of the TE.
Mobility scenarios always follow the same scheme: 
1. At the beginning of the test, the DUT is registered on Cell 1 (serving cell)
2. During the test, Cell 2 is configured. 
3. Based on a certain criteria (varies depending on the scenario) the DUT should change from Cell 1 to Cell 2
4. At the end of the test, Cell 2 is the serving cell.
The objective of the test is to verify that the DUT performs the mobility procedure when a certain criteria is met. This criteria would be typically a power difference threshold between the two cells. As the criteria involves only two cells (Cell A power is x dB higher than Cell B power), it can be tested with only two cells. The presence of other potential cells is seen only as interference and emulated as AWGN. The LTE scenarios are conducted always in AWGN conditions (no fading) and configured as Rx Diversity (1x1, 1x2 or 1x4 depending on the number of the DUT Rx Antenna).
In LTE, this criteria is modeled as a sudden power change for both cells in the test, as seen in Figure 2-1. In reality, the cell powers will likely evolve gradually, but the test is simplified to have a sudden change.
[image: ]
Figure 2-1: Mobility scenario in LTE
In FR2, on top of the power change, the DUT will likely see the two cells as two beams from different directions. To test this, there are three possibilities:
1. Model the power change as in LTE, ignore the spatial aspects.
2. Model the power change as in LTE, the two cells are coming with different AoA, which remains constant
3. Model the power change as in LTE, the two cells are coming from different AoA. The AoA changes during the test.
These three possibilities are depicted in Figure 2-2.
[image: ]
Figure 2-2: Possibilities for mobility scenario in 5G FR2
In any case, these scenarios can be modelled with 2 Cells/beams from a maximum of 2 simultaneous AoAs. The critical point of the test is that the relative power change between the two cells is accurate. Absolute powers are also important, but less than the relative power.
Random Access
In LTE, Random Access test case verifies that the DUT PRACH power settings and timing are according to the specified limits. The tests are configured with only one cell in AWGN propagation conditions and using Rx Diversity configuration. The UL Power needs to be measured accurately for this test.
Moving to NR FR2, an additional requirement is that the NR DUT should be able to find the direction of the beam coming from the gNB before sending the PRACH (DL beam scanning). Only the PRACH sent in the correct direction (based on UE selected SS/PBCH block with SS-RSRP above a set threshold), i.e. towards the active DL beam, should be considered for the test.
Timing
Similarly to Random Access tests, Timing tests measure characteristics of the UL signal. In particular, the tests measure the UE transmit timing accuracy and the UE UL adjustment after receiving a timing advance command. The tests are also configured with only one cell (Rx diversity) and AWGN propagation with or without DRX configured. The power accuracy is not critical for these tests, as long as the link is stable.
These tests do not seem to incorporate any additional challenge related to beams / spatial aspects. After the initial access, the UBL function could be used to lock the beam and perform the rest of the test.
Radio Link Monitoring
The purpose of RLM tests is to verify that the DUT is able to monitor the radio link and react accordingly to in-sync / out-of-sync situations. In LTE, these tests have one cell and the propagation conditions are modeled as either AWGN or Fading (TDL). The MIMO configuration is either Rx Diversity (1xN) or Tx Diversity (2xN), where N is the number of DUT Rx antenna. The cell power changes according to a pre-defined pattern, for example the one in Figure 2-3.


Figure 2-3: Power changes for RLM test cases
The test criteria is tightly related to the Qin and Qout values, so the absolute power accuracy is critical.
A priori, the beams / spatial aspects in FR2 do not seem to play a role further than the initial access, so such scenario could again be conducted using the UBL function.
Interruption
The purpose of interruption tests is to verify that the DUT does not interrupt the connection to the PCell longer than it is allowed in a DC or CA configuration. Similar as for timing tests, the power accuracy is not relevant here, as long as the TE is able to sustain an stable link to the DUT.
The tests are configured with 2 Cells in either DC or CA configuration with AWGN propagation conditions and Rx Diversity.
Measurement Procedures
The category “Measurement Procedures” contains a wide variety of different test purposes and some of the most complex (from TE point of view) RRM test cases in LTE. The basic idea is that a certain “event” occurs (the event could be a power change, a new cell being configured, a cell being activated / deactivated …). Considering the requirements defined for NR, the corresponding LTE test cases contained 2 LTE cells with Rx Diversity configuration and under both AWGN and/or Fading propagation conditions.
From TE point of view, the case with 2 LTE cells + fading would be the most demanding of the test scenarios analyzed in this contribution. As the event are mainly based in power changes, the power accuracy is critical for these tests. Whether the absolute power or just relative power accuracy is relevant needs to be discussed once the events are known.
From RAN5 perspective, given that the requirements are not yet defined, it would be beneficial to point out that combined complexity (i.e. combining high number of cells with complex channel models and/or MIMO) should be avoided whenever possible.
Measurement Performance
Similar to measurement procedures, “Measurement Performance” is a heterogeneous category. However, in Rel-15, as inter-RAT from NR to legacy RATs and NR Positioning will not be supported, the only relevant measurements are RSRP and RSRQ. 
For LTE, RSRP and RSRQ tests have up to 2 cells, always under AWGN conditions and in Rx Diversity configuration.
In FR2, the main challenge of these tests is to obtain the required power accuracy of the signal inside the quiet zone. The spatial aspects do not seem to be relevant for this type of tests, as they are tested as part of other test criteria like mobility. Here just the power measurements need to be accurate.
 How to handle Inter-RAT
In SA Mode, there will only be inter-RAT scenarios between 5G and LTE. 5G inter-RAT scenarios to any other RAT are not part of Rel-15.
In NSA Mode, there will not be any direct inter-RAT scenarios between 5G and legacy RATs. However, all previous inter-RAT scenarios between LTE and other RATs should be supported. That means, for instance, that mobility scenarios between LTE and other RATs can occur also when the DUT is configured with LTE-NR DC as part of a NSA deployment. Potentially, that can lead to test scenarios where three RATs are active at a time. However, the addition of an extra RAT will not (or should not) impact the NR FR2 TE complexity, so it is not part of this analysis.
Conclusion
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Based on the analysis of the LTE RRM legacy tests and the NR RRM requirements known so far, the table proposed in [1] has been filled in Table 3-1. The NR RRM core requirements known so far have been used to select the required “RRM areas”.
Table 3-1: 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<=2
	<=>=22
	<=>=22
	Rx Diversity
	Yes
	Both

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

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

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

	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 3-2, a few observations can be done:
Observation 3.1: All of the potential test scenarios have a maximum of 2 NR TRxP and 2 simultaneous AoA, except maybe increased monitoring scenarios in measurement procedures.
Observation 3.2: All of the potential test scenarios use Rx Diversity scheme, except RLM, where Tx Diversity (combined with Rx Diversity) is used.
Observation 3.3: Most of the scenarios do not have fading. Only RLM and some measurement procedure tests use fading.
Observation 3.4: Combined complexity should be avoided whenever possible, especially for measurement procedure tests.
Observation 3.5: Mobility test cases will only be defined for SA.
Observation 3.6: Except mobility, most of the other RRM test cases will have identical requirements for NSA and SA.
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