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Introduction
[bookmark: _Hlk513205245]RAN4 has specified measurement requirements for NR in section 9, and related test cases should be defined as part of Performance part of the NR WI. 
[bookmark: _Hlk513205847]In this paper, we will provide our initial views on RRM test cases for NR measurement procedure. 
Discussion
[bookmark: _Hlk513733380]In LTE spec 36.133, the test cases for measurement procedure are defined in section A.8. The test is through event triggered reporting, i.e. during the test there are two time periods T1 and T2. UE is configured with reporting event A3. In T1 UE cannot see any neighbor cell, and in T2 one neighbor cell is activated and is better than the serving cell. In order to pass the test, UE should report the neighbor cell within the cell identification delay.
The test cases are mainly including following categories:
· Intra-frequency, inter-frequency and inter-RAT
· With DRX and without DRX
· Sync and async cells
· Single-layer and multi-layer 
· Non-CA and CA
For NR measurement procedure, same test methodology and categories of test cases can be re-used. In the next, we will discuss the new aspects in NR core requirements that needs to be taken into account in RRM test.
We start with intra-frequency measurement. NR intra-frequency measurement includes gapless measurement and gap based measurement. RRM test cases should be defined for both.
Intra-frequency measurement without gap
For gapless measurement, the cell identification time may or may not include SSB index reading time, and both cases should be tested. The cell identification requirements are based on SMTC period, which can be from 5ms to 160ms. Multiple SMTC period should be tested, but it may not be necessary to test all possible periods. Different scaling factor is used for DRX cycle larger or smaller than 320ms, so non-DRX, DRX with <=320ms cycle and DRX with >320 cycle should all be tested. When measurement gap is configured, the measurement period will be scaled with factor Kp in case SMTC occasions are partially overlapping with MG, and this should also be tested. Moreover, different requirements are defined for FR1 and FR2 since FR2 requirements are further scaled with beam sweeping factor. 
An important aspect in intra-frequency gapless measurement is the CA requirements. In LTE, the SCell measurement requirements are straightforward, i.e. for activated SCell the same requirements as PCell apply without any scaling, for de-activated SCell the requirements are based on configured MeasCycleSCell and it may cause interruptions. For NR, the requirements for SCells are limited by baseband searcher. The discussion on the core requirements are still ongoing, but there will be different scaling factors applied depending on number of SCCs and the SMTC on the SCCs. Test case should be defined for SCells with different number of SCCs and the SMTC on the SCCs.   
The de-activated SCC measurement requirements in core part are also open. One issue is the interruption. Although interruption requirements will have separate test cases, where interruption happens may be also related to which SMTC occasions are used to measure the de-activated SCell, so they are not totally independent issues. Another issue is the number of Rx beam UE should sweep per measurement cycle for FR2. In any case, test cases are needed for de-activated SCell measurement.  
[bookmark: _Ref517739555]For intra-frequency measurement without gap, the test cases should be defined for
· with and without SSB index reading
· multiple SMTC periods
· non-DRX, DRX with <=320ms cycle and DRX with >320 cycle
· with and without measurement gap configured 
· FR1 and FR2
· with and without SCell, including de-activated SCells
Intra-frequency measurement with gap
Intra-frequency measurement gap is similar to intra-frequency measurement without gap, except that the measurements are performed in gaps. Therefore, measurement gap should be always configured in the tests. In NR, measurement gap can be per-UE or per-FR, and test cases for both should be defined. Also there are multiple gap patterns, and test case for some typical gap patterns need to be defined. 
The SCell measurements are also performed in gaps, and it is simpler than intra-frequency measurement without gap as the SCells are handled in the same way as PCell or PSCell. The test case for SCell may not be needed.
[bookmark: _Ref517739556]For intra-frequency measurement with gap, the test cases should be defined for
· with and without SSB index reading
· multiple SMTC periods
· non-DRX, DRX with <=320ms cycle and DRX with >320 cycle
· with per-UE and per-FR measurement gap 
· multiple gap patterns
· FR1 and FR2
Inter-frequency measurement 
Inter-frequency measurements are assumed to be gap based. When UE is configured with per-FR gap, measurement in FR without serving cell are performed based effective MGRP, and this case should be also tested. One big difference compared to LTE inter-frequency measurement is the scaling factor for multi-layer measurement, which needs to take into account different SMTC on different layers. In addition, the test cases should be defined with and without MG sharing with intra-frequency measurement. 
[bookmark: _Ref517739557]For inter-frequency measurement, the test cases should be defined for
· with and without SSB index reading
· multiple layers with different SMTC on different layers 
· non-DRX, DRX with <=320ms cycle and DRX with >320 cycle
· with per-UE and per-FR measurement gap (including measurement based on effective MGRP) 
· multiple gap patterns
· FR1 and FR2
· with and without MG sharing with intra-frequency measurement 
Inter-RAT measurement 
Inter-RAT measurements in 38.133 are defined for E-UTRA. In our view, the relevant test cases in 36.133 can be re-used if no gap based NR measurement is configured. In this case, there is not much sense to define the test cases, so we think the test case should be defined when other gap based NR measurement is also configured. In this case, the scaling factor for multi-layer measurement will take into account the E-UTRA measurement which is based on any 5ms window and NR measurement which is based on SMTC occasions. 
[bookmark: _Ref517739559]For inter-RAT measurement on E-UTRA, the test cases should be defined when other gap based NR measurement is configured. 
Beam management measurement 
Besides the RRM measurement, the measurement procedure also includes beam management measurement, at least the L1-RSRP measurement for beam reporting, and L1-RSRP measurement for candidate beam detection in case of beam failure. Currently the core requirements for the two measurements are not defined in the spec, but the test cases should be defined. The test setup and test scope should be discussed after the core requirements are finalized.
[bookmark: _Ref517739560]RRM test cases for L1-RSRP measurement for beam reporting, and L1-RSRP measurement for candidate beam detection should be defined after core requirements are finalized.  
Conclusion
In this paper, we provided our initial views on RRM test cases for NR measurement procedure.
Proposal 1: For intra-frequency measurement without gap, the test cases should be defined for
· with and without SSB index reading
· multiple SMTC periods
· non-DRX, DRX with <=320ms cycle and DRX with >320 cycle
· with and without measurement gap configured 
· FR1 and FR2
· with and without SCell, including de-activated SCells
Proposal 2: For intra-frequency measurement with gap, the test cases should be defined for
· with and without SSB index reading
· multiple SMTC periods
· non-DRX, DRX with <=320ms cycle and DRX with >320 cycle
· with per-UE and per-FR measurement gap 
· multiple gap patterns
· FR1 and FR2
Proposal 3: For inter-frequency measurement, the test cases should be defined for
· with and without SSB index reading
· multiple layers with different SMTC on different layers 
· non-DRX, DRX with <=320ms cycle and DRX with >320 cycle
· with per-UE and per-FR measurement gap (including measurement based on effective MGRP) 
· multiple gap patterns
· FR1 and FR2
· with and without MG sharing with intra-frequency measurement 
Proposal 4: For inter-RAT measurement on E-UTRA, the test cases should be defined when other gap based NR measurement is configured.
Proposal 5: RRM test cases for L1-RSRP measurement for beam reporting, and L1-RSRP measurement for candidate beam detection should be defined after core requirements are finalized.
References

