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1. Introduction

RRM test case list has been agreed in [1] and [2]. In RAN4#88, drafts of some test cases for FR1 have been submitted, and some agreements regarding the test setups were made. On the other hand, FR2 test is more open. The test methodology for FR2 RRM test cases were discussed in RAN4#88 under the Testability SI, and some remaining issues are listed in [3]. At the same time, the principles of test case development were discussed in RRM Perf part, but there was no conclusion on how to move forward.
In this paper, we will provide our views on how to move forward on FR2 RRM test cases.
2. Discussion
2.1. AoA

Many RRM test cases involve two cells in the setup. For example, the event triggered reporting test cases are to verify the requirements of cell identification delay and measurement period (and as a side effect the measurement accuracy). In LTE and FR1, the test is enabled by having two cells in the setup, one is serving cell and one is target cell. To pass the test, UE needs to correctly trigger the measurement report for the target cell, which is only turned on during the test, based on the configured A3 event. Other test cases e.g. for measurement accuracy and mobility procedures, are similarly based on two cell setup. 
Since the tests involve two cells, for FR2 the most straightforward way is to have two probes with different AoAs in the test. However, as the method in setting the power and direction for signal, interference and noise for two AoA setup is not mature from Testability SI, it was agreed in RAN#81 [4] to focus on test with single AoA in Q4/18.

	· For FR2, only the RRM test cases with the single AoA test setup will be discussed in Q4 2018

· The test cases with the two AoA test setup will be deferred after December to Q1 2019


There are then two options for RAN4 to move forward on these test cases that involve two cells:
1) develop test cases involving two cells with single AoA in Q4/18, or 

2) develop the test cases involving two cells with two AoA only from Q1/19. 

In our view, the requirements which are verified by these test cases are quite important. For example, the cell identification delay and measurement period are the most essential requirements for RRM, and not having the event triggered reporting test cases means these requirements are not tested at all in the December version of the spec, based on which operators may start the Rel-15 NR deployment. Therefore, our view is to develop FR2 RRM test cases involving two cells with single AoA in Q4/18.

With the conclusions from the Testability SI by December, RAN4 could evaluate whether to develop these test cases with two AoA and the related applicability. For example, whether test cases with two AoA should be defined for all event triggered reporting test cases listed in [1] and [2]; if for one requirement there are test cases with both single AoA and two AoA, which one is applicable. 
Proposal 1: For RRM test cases involving two cells, RAN4 should develop FR2 test cases with single AoA in Q4/18. The development and applicability of these test cases with two AoA could be discussed in Q1/19.
In these tests, the serving cell and the target cell are transmitted from the same direction from UE perspective. On the exact AoA to be used, there are two options in our view:

1) Only test the Rx beam peak direction 

2) Test one or more directions from the UE spherical coverage 
Our understanding from [3] is that the test methodology for the non-beam peak direction is still under development. To ensure timely completion of the test cases by December, it is safer to use the beam peak direction. Also, considering that the RRM tests are mainly to verify the RRM measurement performance instead of UE antenna or beamforming performance, using non-beam peak direction is not essential for RRM.
Proposal 2: In the test cases with single AoA, serving cell and target cell are both transmitted from the Rx beam peak direction. 

Since the core requirements for FR2 are defined based on the assumption of Rx beam sweeping, it is a question how to verify the measurement performance with Rx beam sweeping in the test cases. Some companies proposed to consider UE rotation during the test [5]. 
In our view, this will make the test much more complicated. When UE is rotated, it is supposed to use another Rx beam to measure the same probe. It is hard to ensure in the test setup that UE has the same antenna gain and beamforming gain in the new direction even UE is supposed to use the best Rx beam to receive, so it is difficult to define the testing requirement, i.e. how to determine if the UE has used the best Rx beam. In addition, the definition of the best Rx beam is still under discussion in core part.
On the other hand, following the current test setup of event triggered reporting test cases, the target cell is turned on during the test. For such a newly detectable cell, UE has to sweep its Rx beam to find the best one to detect and measure the cell, so the beam sweeping is already verified. Also, since the target cell is in the same direction as the serving cell, and this direction corresponds to the beam peak, whether UE has used the best Rx beam for the target cell can be testable, i.e. a correct UE should report the same RSRP for the target cell as the serving cell. 
Proposal 3: UE rotation is not considered in the FR2 RRM test. 
It was agreed in RAN4#88 that two SSBs per burst is used in FR2 RRM test cases. There were also some discussions about whether the two SSBs are from the same direction or not. In our view, there is actually no need to have multiple SSBs in some of the test cases since UE is not required to differentiate Tx beams from one cell in the tests. In these test, the probe can transmit one SSB per burst per cell to simplify the setup.
Two SSBs per burst per cell is needed for the test cases for RLM and beam management, including beam failure recovery and L1-RSRP reporting. The purpose of those tests is to verify UE can tell the good Tx beams from the serving cell, so they require multiple Tx beams with different signal strength at the UE. We will discuss the test setup for such test cases in a separate paper. 
Proposal 4: Only one SSB per burst per cell is transmitted from the probe in the FR2 test cases except for tests for RLM and beam management.
2.2. SNR/SINR side condition

In [3] it is agreed that 

	· Case of 1 AoA (signal and noise are transmitted from the same probe): 

· Reuse methodology to derive the SNR at Reference point from UE Baseband SNR defined for UE demodulation test methodology under assumption that the testing is done under RX beam peak direction.

· Further discuss how to handle the case when the test is done not in RX beam peak direction

· Case of 2 AoAs: 

· Further discuss the methodology to derive the SNR at Reference point from UE Baseband SNR


The methodology to derive the reference point SNR from UE baseband SNR for UE demod can be found in [6]. The basis of the methodology is to have the signal and the noise transmitted from the probe, and to “set the wanted noise to give 1dB difference between reference point SNR and baseband SNR, using the agreed UE parameters”. 
The methodology can be directly re-used for RRM test cases involving one cell on per frequency. However, for test cases with two cells on the same frequency, e.g. intra-frequency tests, RAN4 needs to discuss the methodology due the existence of co-channel interference. The following options can be considered
· Target <1dB difference for the SNR for both cells between reference point and baseband
· Target <1dB difference for the SINR for the target cell between reference point and baseband
· Do not transmit wanted noise from probe
· Decide the wanted signals from the serving and target cell, as well as the wanted noise case by case based on the target baseband SNR/SINR
Proposal 5: RAN4 should discuss the methodology to derive wanted signals from the serving/target cell and the wanted noise from the baseband SNR/SINR for the co-channel case. 

2.3. Definition of ideal measurement
For some RRM test cases the absolute measurement accuracy is verified, e.g. the RSRP/RSRQ accuracy tests and RLM tests. There were some discussions in RAN4#88 about how to define the ideal measurement. Some options are listed in [7] which are copied below

1) UE is used as a reference for itself.

2) Test limits are determined based on minimum and maximum allowable antenna gain. 

3) Evaluate relative accuracy between two cells with the same AoA.
In our view, there is no perfect way to verify the absolute measurement accuracy since the measurement results include the Rx antenna gain and beamforming gain, which are implementation specific. Among all options, our preference is to use option 2 as it is most relevant to the real world, i.e. the tests will set the bound of the measurement results (e.g. RSRP) that can be expected in the real network when base station is transmitting in the UE beam peak direction.’
One thing to clarify in option 2 is the understanding of the minimum and maximum gain. Our view is that the accuracy tests are also conducted with single AoA setup with probes transmitting in the UE Rx beam peak direction. The spread is just caused by different implementations, which means different UEs may have different gains for the beam peak direction, and that is accounted by allowing a range for the gains.
Proposal 6: In FR2 measurement accuracy tests, the ideal measurement is defined by limiting the minimum and maximum antenna gain for the Rx beam peak direction.
3. Conclusions

In this paper we provided our views on FR2 RRM tests.
Proposal 1: For RRM test cases involving two cells, RAN4 should develop FR2 test cases with single AoA in Q4/18. The development and applicability of these test cases with two AoA could be discussed in Q1/19.
Proposal 2: In the test cases with single AoA, serving cell and target cell are both transmitted from the Rx beam peak direction. 

Proposal 3: UE rotation is not considered in the FR2 RRM test
Proposal 4: Only one SSB per burst per cell is transmitted from the probe in the FR2 test cases except for tests for RLM and beam management.
Proposal 5: RAN4 should discuss the methodology to derive wanted signals from the serving/target cell and the wanted noise from the baseband SNR/SINR for the co-channel case. 

Proposal 6: In FR2 measurement accuracy tests, the ideal measurement is defined by limiting the minimum and maximum antenna gain for the Rx beam peak direction.
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