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Introduction
[bookmark: _Hlk513205245]RAN4 has specified measurement requirements for NR in section 8.1, 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 RLM. 
Discussion
[bookmark: _Hlk513733380]In LTE spec 36.133, the test cases for measurement procedure are defined in section A.7.3. Two types of test cases are defined, namely OOS test and IS test. In OOS test, it is verified whether UE would detect OOS and trigger RLM when SNR is below Qout minus a margin. In IS test, it is verified whether UE would detect IS (thus not triggering RLF) when the SNR goes back to good condition after T310 starts. 
In principle, NR also needs these two types of test cases, as it is difficult to test both OOS and IS detection in one test case. For OOS test, a correct UE will trigger RLF, and it is the only way to know if UE can pass the test. In this test case, even the radio condition goes good again, UE cannot recover. For IS test, as a correct UE will never trigger RLF, we cannot know whether UE has detected OOS even the radio condition goes bad during the test for some time. 
However, one aspect that was not testable with the LTE RLM test cases is that UE should not recover when the radio condition is below Qin. Specifically, in IS test, during T4 with SNR4, UE should not detect IS and trigger recovery. However, if UE does not trigger RLF thus passes the test, we don’t know if IS is detected during T4 or T5. In other words, a UE that detects IS during T4 will also pass the test even it’s not correctly implemented. 


Figure 1 SNR variation in LTE IS test
[bookmark: _Ref517744012]RAN4 could consider how to design NR RLM test case to verify that UE does not recover when the radio condition is below Qin.
For NR RLM, there are several differences compared to LTE RLM, and need to be considered in test cases.
· NR RLM can be based on SSB, CSI-RS, or a combination of them, so test cases should be defined for all cases. 
· NR RLM is based on multiple RLM-RS, and L1 OOS and IS are detected not based on evaluation on a single RLM-RS, so test case should be defined with multiple RLM-RS and different SNR conditions on each RS. 
· As the RLM evaluation period is quite different for FR1 and FR2, test cases should be defined for both. 
· For both FR1 and FR2 test, measurement gap will impact the RLM opportunity, so test cases should be defined for both cases with and without gap. 
· For FR2, the collision with intra-frequency SMTC will also impact the RLM opportunity, so cases where RLM-RS is non-overlapping with SMTC, partially overlapping with SMTC and fully overlapping with SMTC should be defined. 
· For FR2 RLM, another issue is the Rx beam sweeping. Test cases should be defined for both cases where no Rx beam sweeping is applied (N=1) and where Rx beam sweeping is applied (N>1).
· 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.
· For CSI-RS based RLM, it is under discussion whether requirements for D=1 should be defined. If so, test cases for both D= 3 and D=1 should be defined. 
· RLM will cause scheduling restriction, and whether the restriction applies for SCells in the same band as PCell/PSCell is under discussion. If scheduling restriction will not apply for SCell, the test cases should be defined for both CA and non-CA cases.
[bookmark: _Ref517739555]For RLM, the test cases should be defined for
· RLM based on SSB, RLM based on CSI-RS, and RLM based on SSB + CSI-RS 
· Single and multiple RLM-RSes
· non-DRX, DRX with <=320ms cycle and DRX with >320 cycle
· with and without measurement gap configured 
· FR1 and FR2
· RLM-RS being non-overlapping with SMTC, partially overlapping with SMTC and fully overlapping with SMTC (FR2)
· With and without Rx beam sweeping (FR2)
· D=1 and D=3 (CSI-RS based RLM, if D=1 requirements are defined)
· With and without SCell (if scheduling restriction does not apply for SCells)
Another issue for RLM test case design is the difference between Tx SINR and Rx SINR, as raised by some companies during core requirement discussion. The issue is that the SNR levels used in RLM test cases are Tx SNR, i.e. the stochastic SNR for a fading channel. On the other hand, UE will experience real fading, and it will estimate the SNR against the experienced Rx SNR. In slow fading channel, there may be big difference between the Tx SNR and the Rx SNR, so a correct UE which can accurately measure the SNR may also fail the test. 
Same issue already exists in LTE test, but it might be more severe issue in NR RLM since UE has less opportunity to do the RLM measurement. This issue may need more investigation in RAN4.
[bookmark: _Ref517744015]RAN4 should investigate the issue of difference between Tx SINR and Rx SINR for RLM test case design.
Conclusion
In this paper, we provided our initial views on RRM test cases for NR RLM.
Proposal 1: RAN4 could consider how to design NR RLM test case to verify that UE does not recover when the radio condition is below Qin.
Proposal 2: For RLM, the test cases should be defined for
· RLM based on SSB, RLM based on CSI-RS, and RLM based on SSB + CSI-RS 
· Single and multiple RLM-RSes
· non-DRX, DRX with <=320ms cycle and DRX with >320 cycle
· with and without measurement gap configured 
· FR1 and FR2
· RLM-RS being non-overlapping with SMTC, partially overlapping with SMTC and fully overlapping with SMTC (FR2)
· With and without Rx beam sweeping (FR2)
· D=1 and D=3 (CSI-RS based RLM, if D=1 requirements are defined)
· With and without SCell (if scheduling restriction does not apply for SCells)
Proposal 3: RAN4 should investigate the issue of difference between Tx SINR and Rx SINR for RLM test case design.
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