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1. Introduction

In RAN4#89 the RRM test for L1-RSRP was discussed with the following agreements. 
	Define separate test cases categories for L1 RSRP measurement accuracy and delay, if delay test cases are defined. Accuracy tests consider only the single AoA configuration.
· gourpBasedBeamReporting
· Option 1: is not configured

· nrofReportedRS 

· Option 1: is set to be the same as the number of configured RS resources

FFS on periodic reporting and aperiodic reporting in the tests.
Option 1: 52/104/64 PRBs for 10/40/100 MHz tests, with D=3

· SMTC periodicity configuration

· Option 1: 20ms


In addition, a number of test cases for L1-RSRP accuracy were agreed. However, there are still some major open issues in the test case design. In this paper we will address the open issues in the RRM test for L1-RSRP.
2. Discussion
In RAN4#89 a number of test cases are agreed for L1-RSRP accuracy, for SSB and periodic CSI-RS. There are two RS-es in each test (two SSB or two CSI-RS), and both absolute and relative accuracies are tested. 
In the core part discussion in RAN4#89 it was agreed that requirements for L1-RSRP measurement will be defined for all CSI-RS resource types, including periodic, semi-persistent and aperiodic, and no test will be defined for semi-persistent resources. In this sense, it is meaningful to define test cases for SSB and both periodic and aperiodic CSI-RS. On the other hand, it may not be necessary to repeat the test for periodic and aperiodic CSI-RS if they are verifying the same requirement. For example, for delay test, it is sufficient to only test one of them, as requirement wise (based on our proposal for the core requirements) UE is supposed to report the Tx beams after one occasion of the CSI-RS resource set, and there is no difference between periodic and aperiodic CSI-RS.
Proposal 1: RAN4 to selectively define L1-RSRP test cases for periodic and aperiodic CSI-RS.

CSI-RS is configured in terms of resource set, and each resource set for L1-RSRP measurement can be configured with repetition parameter, either as on or off. In RAN4#89 there was no conclusion how the repetition parameter should be configured in the test cases. 
The resource set with repetition on is used to enable UE to do Rx beam refinement to find the best Rx beam for a specific Tx beam. What the UE does is to try different Rx beams on different resources in the resource set, and select the best one. As the codebook for Rx beamforming is totally up to UE implementation, and refinement is mainly a selection process, we see not much need to define delay test for CSI-RS resource set with repetition on, since UE would never fail to meet the requirements.

For accuracy, although network is not going to select Rx beam for the UE, it may still be meaningful to define the accuracy test, as UE is supposed to use fine Rx beam to measure on the resource set with repetition on. This may not be the case on resource set with repetition off. For example, if the TCI of a CSI-RS resource in a resource set with repetition off is pointing to SSB, UE may use rough Rx beam to measure L1-RSRP.
The next question is whether the accuracy test is defined with periodic or aperiodic CSI-RS. For the core part, our proposal for the measurement period of the periodic CSI-RS is M=1 and N=1, which leads to the same requirement as for aperiodic CSI-RS, meaning for both resource types UE is supposed to sweep different Rx beams on different resources within one set. In our view, beam refinement is more likely to be based on aperiodic CSI-RS resources in real networks, so we slightly prefer to define the accuracy test with aperiodic CSI-RS resource.
Proposal 2: For CSI-RS resource set with repetition on,

· No delay test is defined
· Accuracy test assuming fine Rx beam is defined with aperiodic CSI-RS resource

The resource set with repetition off is used to enable UE to compare different Tx beams. UE is required to report best N beams to the network to assist network to select the proper Tx beam for data and control transmission. It is important for UE to make timely report for the new Tx beams that can be used, so at least the delay test should be defined for this kind of resource set. Regarding whether to use periodic or aperiodic resource, based on our proposal for the core part, M=1 and N=1 for periodic CSI-RS if UE is configured with a TCI state, and it is same as the requirement for aperiodic CSI-RS. Again, our preference is to use aperiodic CSI-RS for the delay test, while the accuracy test can be defined with periodic CSI-RS.
Coming to the accuracy test, some test cases are defined in RAN4#89 with period CSI-RS. Based on above discussions, the CSI-RS resources should be from a resource set with repetition off (for repetition on we prefer to use aperiodic CSI-RS), and a TCI state referring to SSB is configured. 
· For SSB, UE should be assumed to use rough beam, as it is supposed to search new Tx beams on SSB over the full sphere, and rough beam is the only choice considering N=8 in the measurement period, i.e. if fine beam is assumed, the N factor should be larger. 

· For CSI-RS resource in a resource set with repetition off, as the TCI state referring to SSB is configured, and additional Rx beam sweeping is not allowed (N=1 in the measurement period), UE is supposed to use the same Rx beam as used for receiving SSB, i.e. the rough beam.

The absolute Rx beam gain may impact the test requirements (accuracy test) or test setup (delay test). In the Testability discussion, an assumption about the relative difference between the rough beam and fine beam was agreed. On the Rx beam peak direction, the difference can be up to 7dB. It will lead to additional uncertainty in the reported L1-RSRP, as the actual Rx beam gain could be 0~7dB lower than the peak gain of the fine beam.
Proposal 3: For CSI-RS resource set with repetition off, 
· Delay test is defined with aperiodic CSI-RS resource
· Accuracy test assuming rough Rx beam is defined with periodic CSI-RS resource

Proposal 4: For test cases where UE is assumed to use rough Rx beam, the test requirements or setup should consider the uncertainty introduced by the gain difference between rough beam and fine beam.
Above we have discussed the test coverage. Besides that, one major open issue is the test method for the delay test. In our view, it is straightforward to use the same method as used for L3 measurement delay test, i.e. the test is divided into 2 time periods T1 and T2, and during T1 only SSB#0 or CSI-RS#0 is transmitted, or in other words the RSRP on SSB#1 or CSI-RS#1 is quite low; then during T2, the RSRP on the SSB#1 or CSI-RS#1 is increased to be higher than that for SSB#0 or CSI-RS#0, and a correct UE should report SSB#1 or CSI-RS#1 as the best beam within the specified measurement period.
Proposal 5: For L1-RSRP delay test, use the same test method as for L3 measurement delay test. 
Another open issue from RAN4#89 is the passing criteria for the accuracy test. For the test with SSB and periodic CSI-RS, it is a question if periodic or aperiodic report should be used for the verdict. In our view, periodic reporting could be used, as used for L3 measurement accuracy test. In 36.521-3, there is a criterion which report instance should be used for L3 measurement accuracy, and the same can be defined in 38.533 for NR. It can be left for RAN5 to handle.
	9.1.1.1.4.2
Test procedure

1. Ensure that the UE is in State 3A-RF according to TS 36.508 [7] clause 7.2A.3.

2. Set the parameters according to Table 9.1.1.1.5-2 as appropriate. Propagation conditions are set according to Annex B clause B.1.1.

3. SS shall transmit an RRCConnectionReconfiguration message on Cell 1.

4. The UE shall transmit RRCConnectionReconfigurationComplete message.

5. UE shall transmit periodically MeasurementReport messages.

6. After 10s wait from Step 3, SS shall check RSRP reported value in periodical MeasurementReport messages. The RSRP value of Cell 2 reported by the UE is compared to the actual RSRP value according to Table 9.1.1.1.5-3. If the UE fails to report the measurement value for Cell 2, the number of failed iterations is increased by one.

7. SS shall check the MeasurementReport messages transmitted by the UE until the confidence level according to Tables G.2.3-1 in Annex G.2 is achieved.

8. Repeat step 1-7 for each sub-test in Table 9.1.1.1.5-2 as appropriate.




Proposal 6: For accuracy test with SSB and periodic CSI-RS, use periodical report for the verdict. The detail is left to RAN5.
3. Conclusions

In this paper we provided our views on some open issues in L1-RSRP testing.
Proposal 1: RAN4 to selectively define L1-RSRP test cases for periodic and aperiodic CSI-RS.

Proposal 2: For CSI-RS resource set with repetition on,

· No delay test is defined
· Accuracy test assuming fine Rx beam is defined with aperiodic CSI-RS resource

Proposal 3: For CSI-RS resource set with repetition off, 
· Delay test is defined with aperiodic CSI-RS resource

· Accuracy test assuming rough Rx beam is defined with periodic CSI-RS resource

Proposal 4: For test cases where UE is assumed to use rough Rx beam, the test requirements or setup should consider the uncertainty introduced by the gain difference between rough beam and fine beam.

Proposal 5: For L1-RSRP delay test, use the same test method as for L3 measurement delay test. 
Proposal 6: For accuracy test with SSB and periodic CSI-RS, use periodical report for the verdict. The detail is left to RAN5.
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