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1 Introduction
In last RAN4 meeting, RRM core requirements such as RLM and measurement for NSA were defined. However, the most requirements were TBD, and the requirements related UE Rx beamforming were not considered at all in FR2. In this contribution, we provide our views on RRM core requirements for UE Rx beamforming in FR2.
2 Discussion
RAN4 discussed and defined RRM core requirements using similar approach with LTE. For FR2, there was no any discussion relating the number UE Rx beam to define core requirements. Even though UE Rx beam number and beamforming operation is UE implementation issues, it could be impact on conformance test if the core requirements do not reflect UE Rx beam operation.
The measurement period for intra-frequency measurements without gaps for FR1 [1] was defined as following table:
	DRX cycle
	T SSB_measurement_period  (FR1)

	No DRX, or DRX cycle < SMTC periodicity
	max(200,[5] x SMTC period) Note 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


This measurement period is based on Omni-directional antenna in UE side, so all Tx beams can be observed one SMTC window duration as shown in Figure 1 as FR1 UE. However, if UE has multiple Rx beams, the UE cannot observe all Tx beams within one SMTC window duration since the measurement results of each Tx beam are depending on Rx beam direction. Therefore, SSBs within one SMTC window duration should be measured with one specific Rx beam direction as shown in Figure 1 the measurement period should be increased by a multiple of the number of UE Rx beams (Rx beam sweeping duration) of FR1 measurement period. For example, the measurement period for intra-frequency measurements without gap for FR2 when UE has 5 Rx beams can be simply defined by as following table:
	DRX cycle
	T SSB_measurement_period (FR2)

	No DRX, or DRX cycle < SMTC periodicity
	max(200,[5] x SMTC period) x 5 Note 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
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Figure 1 Example of measurement of FR1 and FR2 UEs
As above mentioned, the number of Rx beams and beamforming operation are just UE implementation, so it does not need to define all requirements according to the number of Rx beams. To define RRM requirements efficiently in FR2, Rx beam class based approach could be considered. The Rx beam class can be defined by three classes such as low, medium, and high number of Rx beams. As the number of Rx beams increases, the measurement accuracy might improve due to Rx beamforming gain. It means that the number of samples for measurement accuracy could be reduced in comparison with FR1 case. Furthermore, we need to investigate real gain improvement according to the number of Rx beams. So according to Rx beam classes, RRM core requirements could be defined by Table 1~3, for example. Each value for X, Y in each Table would be different, and it assumes that Beam class A is low number of Rx beams and Beam class C is high number of Rx beams.
Table 1 Proposed approach for measurement period for intra-frequency measurement w/o gaps for FR2
	DRX cycle
	T SSB_measurement_period (FR2)

	No DRX, or DRX cycle < SMTC periodicity
	max(200,[X] * SMTC period) * Y Note 1,2

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
Note 2 : (X, Y) is (n1, m1), (n2, m2), and (n3, m3) for Beam class A, Beam class B, and Beam class C, respectively. 
n1 > n2 > n3 and m1 < m2 < m3.


Table 2 Proposed approach for time period for PSS/SSS detection for FR2
	DRX cycle
	TPSS/SSS_sync (FR2)

	No DRX, or DRX cycle < SMTC periodicity
	max(600ms,[X] * SMTC period) * Y Note 1,2

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
Note 2 : (X, Y) is (n1, m1), (n2, m2), and (n3, m3) for Beam class A, Beam class B, and Beam class C, respectively. 
n1 > n2 > n3 and m1 < m2 < m3.


Table 3 Proposed approach for evaluation period TEvaluate_out and TEvaluate_in for FR2
	Configuration
	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	non-DRX
	[X]*max(20,TSSB) * Y
	[Z]*max(20, TSSB) * Y

	DRX
	[X]*max(20,TDRX,TSSB) * Y
	[Z]*max(20,TDRX,TSSB) * Y

	Note:
TSSB is the periodicity of SSB configured for RLM. TDRX is the DRX cycle length.
Note 2 : (X, Z, Y) is (n1, l1, m1), (n2, l2, m2), and (n3, l3, m3) for Beam class A, Beam class B, and Beam class C, respectively. n1 > n2 > n3, l1 > l2 > l3, and m1 < m2 < m3.


As similar manner in Table 1, the evaluation time for RLM, cell identification time, and measurement period for other configurations such as DRX, measurement gap, and etc could be defined for FR2. For defined Beam class, additional UE capability could be introduced if needed since a network might need some information such as measurement reporting time.
· Proposal 1 : To define RRM core requirements for FR2, the beam class approach could be applied as shown in Table 1~3.

· Proposal 2 : Introduce additional UE capability for Beam class if a network needs to know UE Beam class.

3 Conclusion 
In this contribution, we provide our views on RRM core requirement for FR2. To define core requirements with the number of Rx beams efficiently, we propose
· Proposal 1 : To define RRM core requirements for FR2, the beam class approach could be applied as shown in Table 1~3.

· Proposal 2 : Introduce additional UE capability for Beam class if a network needs to know UE Beam class.
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