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1 Introduction
In last meeting, RAN4 discussed how to handle the number of Rx beams on RRM core requirements, and the WF [1] related the number of UE Rx beams for RRM core requirements was agreed. In this contribution, we provide our views on RRM core requirements for UE Rx beamforming in FR2.
2 Discussion
In the WF [1], general formulas for requirements of TPSS/SSS_sync, T SSB_measurement_period  and TSSB_time_index in FR2 were captured as follows (in case of intra-frequency without gap):

· TPSS/SSS_sync = max( [X1], [Y1] x N1 x SMTC_period ) ms

· TSSB_time_index = max( [X2], [3+Y2] x N2 x SMTC_period ) ms

· TSSB_measurement_period = max( [X3], [Y3] x N3 x SMTC_period ) ms
Lower bound for each requirement time

For the lower bound value X, there were agreements for FR1 such as 600 and 200ms for TPSS/SSS_sync and TSSB_measurement_period, respectively. For FR2, if X1 value is considered by 600ms per each Rx beam, TPSS/SSS_sync could become too large. So, for PSS/SSS detection with multiple Rx beams, additional time might be required in 600ms such as X1 = 800ms. X3 could be reused as FR1 constant value 200ms since TSSB_measurement_period is for detected SSB. For SSB time index acquisition time, PBCH combining can be within PBCH TTI which is 80ms. Considering the number of PBCH attempts for SSB time index acquisition above formula, at least 4 attempts for 20ms SMTC period are required to achieve 99% decoding success rate. So, lower bound for TSSB_time_index could be 140ms. 
The required number of samples for each requirement

For TSSB_time_index, Y2 is impairment margin based on agreed WF [2] for SS/PBCH index acquisition. As above mentioned, the number of attempts for SSB time index acquisition should be less than 5 considering PBCH TTI. In that sense, Y2 could be 1. For Y1 and Y3, it would be less than the values for FR1 PSS/SSS detection and SSB measurement period due to Rx beamforming gain. For FR1, the number of samples for TPSS/SSS_sync and TSSB_measurement_period are [5 or 6] and [5], respectively. So, [4 or 5] and [4] for TPSS/SSS_sync and TSSB_measurement_period could be considered in FR2. 
The number of Rx beams

As mentioned in our previous contribution [3], the number of Rx beams and beamforming operation are just UE implementation. From UE operation perspective, different number of Rx beams could be used depending on network environments or receiver purposes. However, if RRM requirements are considered as single value for the number of Rx beams, a UE could be penalized depending on the value and UE implementation as following cases:
· In case of UE operation with low number of Rx beams and RRM requirements with high value of Rx beams
· The detection and measurement time is unnecessarily increased

· Additional UE power consumption could occur.

· In case of UE operation with high number of Rx beams and RRM requirements with low value of Rx beams

· The measurement accuracy cannot be guaranteed due to using limited Rx beams
· Utilization of multiple Rx beam could be reduced.

Therefore, single value for the number of Rx beam for RRM requirements cannot cover all UE implementation of Rx beam operation. To resolve this issue, at least two values for the number of Rx beam for the requirements should be considered such as low and high values of Rx beams. Low and high value can be defined by [4] and [12], respectively. 
In short, we propose

· Proposal 1: for intra-frequency cell identification without measurement gap,
· TPSS/SSS_sync = max( 800, [4 or 5] x N x SMTC_period ) ms

· TSSB_time_index = max( 140, 4 x N x SMTC_period ) ms

· TSSB_measurement_period = max( 200, [4] x N x SMTC_period ) ms

· N=[4] for UE with low number of Rx beams and N=[12] for UE with high number of Rx beams
· Other RRM requirement can be applied the values (intra-frequency with measurement gap, inter-frequency measurement, etc.)

If network needs to know the value N for some information such as measurement reporting time, additional signalling could be introduced. 

· Proposal 2: Introduce additional signalling for value N if network needs to know value N.
Overall cell identification required time (Tidentify_intra_with_index) based on Proposal 1 and moving distance according to UE velocity can be simply observed as following Table 1 and Figure 1.

Table 1 Tidentify_intra_with_index according to SMTC period
	SMTC period [ms]
	5
	10
	20
	40
	80
	160

	Tidentify_intra_with_index [ms]
	N = 4
	1140
	1160
	1440
	2080
	3840
	7680

	
	N = 12
	1280
	1760
	2880
	5760
	11520
	23040
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Figure 1 moving distance according to UE velocity during Tidentify_intra_with_index
As shown in Figure 1, for N=12 with high mobility, the configuration of long SMTC periods (e.x., 80 or 160ms) are not reasonable since the UE might move out of the cell area which is measuring. For this case, RAN4 needs to consider restriction of long SMTC period configuration for UE with high number of Rx beams and high mobility.
· Observation: Long SMTC period configurations are not feasible for UE with high number of Rx beams and high mobility.

· Proposal 3: RAN4 needs to consider restriction of long SMTC period configuration for UE with high number of Rx beams and high mobility.
3 Conclusion 
In this contribution, we provide our views on RRM core requirement for FR2 and propose
· Proposal 1: for intra-frequency cell identification without measurement gap,

· TPSS/SSS_sync = max( 800, [4 or 5] x N x SMTC_period ) ms

· TSSB_time_index = max( 140, 4 x N x SMTC_period ) ms

· TSSB_measurement_period = max( 200, [4] x N x SMTC_period ) ms

· N=[4] for UE with low number of Rx beams and N=[12] for UE with high number of Rx beams
· Other RRM requirement can be applied the values (intra-frequency with measurement gap, inter-frequency measurement, etc.)

· Proposal 2: Introduce additional signalling for value N if network needs to know value N.
Considering the value N and UE mobility based on Tidentify_intra_with_index, we observe
· Observation: Long SMTC period configurations are not feasible for UE with high number of Rx beams and high mobility.

· Proposal 3: RAN4 needs to consider restriction of long SMTC period configuration for UE with high number of Rx beams and high mobility.
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