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1.	Introduction
RAN5 has identified a testability issue in FR2 CSI-RS based RLM test cases, which is Issue#2 in the known issue list [3] which was originally raised in [2]. At RAN4 #100-e, one CR was submitted to change test conditions of FR2 RRM CSI-RS-based radio link monitoring (RLM) test cases [1] to solve this issue by changing the angle of arrival setup from 2 AoA to 1 AoA (beam peak). However due to a concern of test case coverage reduction, during the RAN4#100-e discussion the RAN4/RAN5 group preferred to investigate a feasibility of the test while maintaining the 2 AoA setting. And, the description in the issue#2 was changed that the solution with keeping 2AoA should be prioritized.
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In this contribution we discuss the possible solution while still maintaining the 2AoA setting. 

2.	Discussion
2.1 Identified issue with FR2 CSI-RS based RLM test cases
As mentioned above, the issue was first identified in RAN5 and shared in the group. We extract the contents from the RAN5 paper [2] below for reference.
Extract from [2]
	2.2: Angle of Arrival gives insufficient dB range
Summary of issue and why it needs to be resolved:
Some CSI-RS-based RLM Test cases specify 66 allocated RBs and Spherical Coverage Angles of Arrival (setup 3). The total Io power calculated from #RBs together with the Noc and Es/Noc values is higher than the test equipment can provide when MU and Test Tolerances are taken into account.
Example:
Radio Link Monitoring Out-of-sync Test for FR2 PCell configured with CSI-RS-based RLM A.7.5.1.5 specifies 66 allocated RBs, with Noc -92.1dBm/15kHz and Cell 2 Es/Noc +2dB during T1. When MU and Test Tolerances are taken into account, this would require a total Io power higher than the test equipment can provide. 
Scope:
Assessment required, but Test cases A.7.5.1.5, A.7.5.1.6 + related A.5 TCs are known to have this issue.
Likely way forward:
CSI-RS are distributed, so it is unlikely the number of allocated RBs can be reduced. Investigate changing the Angle of Arrival to Rx Beam Peak, so that a lower Noc and hence lower Io can be used. 


Table 2.1-1 below is the estimation result of possible Io(total power at centre of QZ) based on the current conditions in TC 5.5.1.5 (i.e. 66RBs). As can be seen in the table, Io may reach -51.25 dBm/ChBW when we take into account of a test tolerance to meet side conditions. Current assumption of achievable DL power is shown in the Table 2.1-2. 
Table 2.1-1: Estimation of possible Io for TC A.5.5.1.5.1-3
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Table 2.1-2 Achievable DL power from test equipment (from TR38.903)
	　
	FR2a(Mid)
	FR2b(Mid)
	FR2c(Mid)

	CW power limit (at the center of QZ) [dBm]
	-32.8
	-36.4
	-39.4

	CREST(No Fading) [dB]
	13
	13
	13

	Max. DL Power (No Fading)[dB]
	-45.8
	-49.4
	-52.4

	CREST(Fading)
	17.71
	17.71
	17.71

	Max. DL Power(Fading)
	-50.51
	-54.11
	-57.11


 As CSI-RS based RLM test case has fading, then what we can observe from this estimation is that it is challenging to provide the output power from the test equipment condition under the currently specified number of data RBs (i.e. 66 RBs) allocated also with the 2AoA for FR2b and higher.
Observation 1: With the current parameter of CSI-RS based RLM test cases, estimated Io exceeds the power level that the test equipment can provide for FR2b and higher.

2.2 Consideration on a possible solution
To solve the issue above while keeping the 2AoA condition, we need to reduce the total power(Io) in some way. The straightforward approach is to reduce the number of RBs for example down to 24. There would be two possible ways to reduce the RBs; option 1 to reduce the BWP size, or option 2 to reduce the allocated RB size (OCNG) while keeping the BWP size (66RBs). 
As already written in the paper [2], we need to be careful with the physical layer (RAN1) specification with regards to the bandwidth of the CSI-RS when we consider the reduction of the allocated RB numbers. In TS 38.214 clause 5.1.6.1.1, there is a limitation on the number of resource blocks. Corresponding description is extracted as follows.
Extract from TS 38.214 cl. 5.1.6.1.1:
	the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is the minimum of 52 and  resource blocks, or is equal to  resource blocks. For operation with shared spectrum channel access, freqBand configured by CSI-RS-ResourceMapping, is the minimum of 48 and  resource blocks, or is equal to  resource blocks.


Due to this specification, even though the data RB allocation is 24RBs(option 2), total power at symbols where CSI-RS exists should have more power than other symbols. 
Hence, the straightforward approach is option 1 : to reduce the BWP size to 24RB. Table 2.2-1 shows the calculation results of the applied Io when we reduce the BWP to 24RBs. As can be seen in the table, Io is now reduced to -55.65 dBm/ChBW at maximum. Unfortunately, it is higher than FR2c achievable DL power but less than FR2a and FR2b achievable DL power.
Observation 2: If BWP size is changed to 24RBs, then the FR2 CSI-RS based RLM test cases will become testable with 2AoA condition at least for FR2a and FR2b.
Table 2.2-1: Estimation of possible Io for TC A.5.5.1.5.1-3 with 24 RB data allocation
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Note that it is not reasonable to reduce the BWPs less than 24RBs because of the existence of SSB(240 sub carriers and 20RBs). 
Another possibility is to test at the beam peak with 1AoA test setup as already discussed in [1]. Table 2.2-2 shows the analysis for the Io when the test setup is changed to 1AoA. Io at maximum is -62.91dBm/ChBW and is less than the achievable DL power for FR2a, FR2b and FR2c.
Table 2.2-2: Estimation of possible Io for TC A.5.5.1.5.1-3 with 1AoA(beam peak) setup assumption
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Observation 3: If test setup is changed to 1AoA(beam peak), then the FR2 CSI-RS based RLM test cases will become testable for FR2a, FR2b and FR2c.

3. Conclusion
In this contribution we discussed the testability issue with CSI-RS based RLM test cases in FR2 with 2AoA condition and also the possible solution while still maintaining the 2AoA setting.
Observation 1: With the current parameter of CSI-RS based RLM test cases f, estimated Io exceeds the power level that the test equipment can provide for FR2b and higher.
Observation 2: If BWP size is changed to 24RBs, then the FR2 CSI-RS based RLM test cases will become testable with 2AoA condition at least for FR2a and FR2b.
Observation 3: If test setup is changed to 1AoA(beam peak), then the FR2 CSI-RS based RLM test cases will become testable for FR2a, FR2b and FR2c.
Despite the remaining testability issue for FR2c and higher, it is proposed to reduce the BWP to 24RBs and keep the 2AoA configuration considering the discussions in the previous meeting. The RAN4 discussion paper is provided in [4] in the parallel RAN4 meeting to propose the idea in observation 2. Remaining issue for FR2c and higher can be discussed at later stage, firstly in RAN5 as it is relating to the achievable DL power discussion which is not yet finalized in RAN5.
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