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1. Introduction

In NR, the SSB based radio link monitoring requirements was defined. However, there are still some aspects to be further clarified in RLM core requirements. In this contribution, we will provide our further considerations on SSB based RLM requirements in NR.
2. Discussion
2.1. RLM Evaluation period for DRX
For the purpose of power saving, NR UE can be configured with DRX operation by RRC signalling. The UE monitors the PDCCH of serving cell discontinuously according to DRX configuration. According to the definition of drx-LongCycle in TS 38.331[1], it can be seen that the length of DRX cycle can be configured in the range from 10ms to 10240ms, which can be expressed as the form of 5×2k1 ms (k1=1,2,3,…,11) or expressed as the form of 16×2k2 ms (k2=1,2, …, 7). 

The UE performs SSB based measurements according to the SMTC configuration. The value of SMTC periodicity can be configured in the range {5, 10, 20, 40, 80, 160} ms, which can be expressed as the form of 5×2k3 (k3=0, 1, 2, 3, 4, 5).
When a DRX cycle of 5×2k1 ms is used, the DRX on-duration time can be configured to align with SMTC window. However, when a DRX cycle of 16×2k2 ms (k2=1,2, …, 7) is used, the DRX on-duration time cannot always align with SMTC window. 
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Figure 1: Example for SSB measurement occasions (DRX cycle < SMTC period)
As shown in Figure 1, DRX cycle is assumed as 4×2k ms and SMTC period is is assumed as 5×2k. DRX cycle is shorter than SMTC period. The DRX on-duration time only can be aligned with SMTC window every 4 SMTC periods (equivalent to 5 DRX cycles). If the time period of one measurement attempt is assumed as one SMTC period, 20% additional active time will be needed for SSB based measurements in DRX mode. If one-fourths of SMTC measurement occasions are allowed to be missed, then only 10% additional active time will be needed for SSB based measurements in DRX mode.
Proposal 1: When DRX cycle is shorter than SMTC period, the scaling factor for RLM evaluation periods in DRX is suggested as 4/3.
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Figure 2: Example for SSB measurement occasions (DRX cycle > SMTC period)
As shown in Figure 2, DRX cycle is assumed as 8×2k ms and SMTC period is is assumed as 5×2k. DRX cycle is longer than SMTC period. The DRX on-duration time only can be aligned with SMTC window every 8 SMTC periods (equivalent to 5 DRX cycles). If the time period of one measurement attempt is assumed every DRX cycle, at least 15% additional active time will be needed for SSB based measurements in DRX mode. If two-fifths of SMTC measurement occasions are allowed to be missed, then only 5% additional active time will be needed for SSB based measurements in DRX mode.
Proposal 2: When DRX cycle is longer than SMTC period, the scaling factor for RLM evaluation periods in DRX is suggested as 5/3.

Based on the above analysis, the current RLM requirements in DRX is suggested to be relaxed due to misalignment between DRX on-duration and SMTC window.
Proposal 3: For SSB based RLM, the evaluation periods with DRX operation for FR1 can be defined as Table 1.

Table 1: Evaluation period TEvaluate_out and TEvaluate_in for FR1
	Configuration
	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	non-DRX
	[10]*max(20,TSSB)
	[5]*max(20, TSSB)

	DRX cycle ≤ SMTC period
	max(200, [14]*TSSB)
	max(100, [7]*TSSB)

	DRX > SMTC period
	max(200, [17]*TDRX)
	max(100, [9]*TDRX)

	Note: TSSB is the periodicity of SSB configured for RLM. TDRX is the DRX cycle length.


2.2. RLM Evaluation period for FR2
In previous RAN4 meetings, the requirements of cell identification and SSB based RRM measurements for FR2 have been discussed. Considering that UE is allowed to search detectable cells on each Rx beams, the cell identification and measurement delay requirements in FR2 could be derived by scaling the requirements in FR1. However, during RLM procedure, the UE only needs to perform link quality evaluation on serving cell/beam and does not need to perform RLM measurement on each Rx beam. For FR2, the requirements on RLM evaluation period do not need to be scaled in case of multiple Rx beams.
Proposal 4: It is suggested that the RLM evaluation periods do not need to be scaled in case of multiple Rx beams.

3. Conclusions

This contribution provides the analysis on RLM requirements in NR. The following proposals are provided:
Proposal 1: When DRX cycle is shorter than SMTC period, the scaling factor for RLM evaluation periods in DRX is suggested as 4/3.
Proposal 2: When DRX cycle is longer than SMTC period, the scaling factor for RLM evaluation periods in DRX is suggested as 5/3.

Proposal 3: For SSB based RLM, the evaluation periods with DRX operation for FR1 can be defined as Table 1.

Table 1: Evaluation period TEvaluate_out and TEvaluate_in for FR1
	Configuration
	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	non-DRX
	[10]*max(20,TSSB)
	[5]*max(20, TSSB)

	DRX cycle ≤ SMTC period
	max(200, [14]*TSSB)
	max(100, [7]*TSSB)

	DRX > SMTC period
	max(200, [17]*TDRX)
	max(100, [9]*TDRX)

	Note: TSSB is the periodicity of SSB configured for RLM. TDRX is the DRX cycle length.


Proposal 4: It is suggested that the RLM evaluation periods do not need to be scaled in case of multiple Rx beams.
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