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1. Introduction
At the last RAN4 meeting, requirements on SSB based Radio Link Monitoring (RLM) were discussed, but some issues are still under discussion. In this contribution, we provide our views on the remaining issues.
2. Discussion
Evaluation periods for FR2
At the RAN4#85 meeting, requirements on RLM were discussed and evaluation periods of IS/OOS were agreed for FR1 [1], but those for FR2 have been still under discussion. When UE performs RLM to evaluate control channel condition, too long evaluation period would not be preferable considering possible very fast channel variation in FR2. For FR2, there are two points that we have to consider, one is Rx beamforming and the other is required number of samples to evaluate control channel condition for IS/OOS indication. In case of RLM, UE evaluates radio link quality on PCell or PSCell, and it is sufficient to use the same beam as utilized for current PDCCH reception. Thus, additional samples for Rx beam sweeping would not be necessary for RLM evaluation periods.
Proposal 1: UE is not expected to perform Rx beam sweeping during RLM, and evaluation periods of RLM should be defined without taking Rx beam sweeping into account.
Since it would not be necessary to consider Rx beam sweeping for RLM according to the above proposal, we can consider evaluation period for FR2 as following equation.
Evaluation period = Nsample × max{Tmin, TSSB} 
Where, Tmin is minimum value of evaluation period, Nsample is required number of samples, and TSSB is repetition period of SSBs. Tmin could be [20] ms as same as FR1, but Nsample in FR2 should be smaller than that in FR1, i.e. [5] for IS and [10] for OOS, due to faster channel variation in FR2. As we mentioned in [2], 5/10 samples are sufficient for RLM to evaluate IS/OOS without taking Rx beamforming into account. Thus, 3/6 samples could be considered as a baseline to derive evaluation periods for IS/OOS with Rx beamforming.
Proposal 2: Evaluation periods of RLM for FR2 should be expressed as following equations.
Evaluation period for IS = [3] × max{[20]ms, TSSB}
Evaluation period for OOS = [6] × max{[20]ms, TSSB}
Where, TSSB is repetition period of SSBs.
Evaluation periods of RLM with measurement gap
Requirements on RLM with measurement gap were discussed at the last RAN4 meeting, but that requirements have not been reflected to the spec because of following RAN1 agreements.
	RAN1 #91
Agreements:
· UE is not required to perform RLM measurements outside the active DL BWP
· Note: RAN4 is discussing RLM requirements and need for measurement gaps. 


RLM with measurement gap could be divided to following two possible scenarios.
I. SSBs for RLM are located outside of UE active DL BWP
II. All SSBs for RLM are fully overlapping with measurement gaps.
According to the above agreements, the scenario I can be excluded because SSBs for RLM are always located within a UE active DL BWP. However, requirements on RLM with measurement gap need to be discussed for scenario II since scenario II is possible. If SSBs for RLM are fully overlapped with measurement gap for intra- or inter-frequency RRM measurement as Case A illustrated in Figure 1, UE cannot perform RLM and intra-frequency or inter-frequency measurement, simultaneously. Thus, we need to consider gap sharing between RLM and RRM in such case. SSBs for RLM would be fully covered by MG when periodicity of SSBs TSSB is equal to or longer than MGRP. In this case, the required IS/OOS evaluation needs to be multiplied by gap sharing factor K, e.g., K=3 in Case A. On the other hands, when periodicity of SSBs for RLM is shorter than MGRP, gap sharing between RLM and RRM should not be required. If gap sharing among intra-frequency measurement, inter-frequency measurement, and RLM is assumed, opportunity to perform intra/inter-frequency measurement would decrease. Hence, gap sharing should be considered only for RRM measurements from mobility perspective in such case. Hence, in case that periodicity of SSBs for RLM is shorter than MGRP, UE can perform RLM on SSBs that are outside of MG, and the number of samples available for RLM would be different depending on ratio between SSB periodicity and MGRP, e.g. as Case B or Case C in Figure 1. Therefore, we propose that separate requirements on evaluation periods for RLM with measurement gap should be defined according to periodicity of SSBs for RLM. The required IS/OOS evaluation period needs to be multiplied by a factor expressed as 1/(1 – TSSB/MGRP), e.g., 2 in Case B and 4/3 in Case C.
Observation 1: RAN4 needs to consider requirements in case that SSBs for RLM are fully overlapped with measurement gap.
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Figure 1: Three cases of RLM with measurement gap
Case A: SSBs for RLM are fully covered by MG,
Case B, Case C: Periodicity of SSBs for RLM is shorter than MGRP
Proposal 3: Evaluation period of RLM with measurement gap should be expressed as following equation.
Evaluation period = X × TSSB × Nsamp
Table 1: Value of X depending on TSSB
	SSBs periodicity
	X

	TSSB < MGRP
	1/(1 – TSSB/MGRP)

	MGRP ≤ TSSB
	K


Where, Nsamp is required number of samples for RLM such as 5/10 samples for FR1 and [3]/[6] samples for FR2, TSSB is periodicity of SSBs for RLM, and K is a factor for gap sharing.

3. Conclusion
In this contribution, we provide our views on remaining issues of RLM requirements, and we made following observations and proposals.
Observation 1: RAN4 needs to consider requirements in case that SSBs for RLM are fully overlapped by measurement gap.
Proposal 1: UE would not be expected to perform Rx beam sweeping during measurements for RLM, and requirements on evaluation periods for RLM would not be defined separately with and without Rx beam sweeping.
Proposal 2: Evaluation periods of RLM for FR2 should be expressed as following equation.
Evaluation period for IS = [3] × max{[20]ms, TSSB}
Evaluation period for OOS = [6] × max{[20]ms, TSSB}
Where, TSSB is repetition period of SSBs.
Proposal 3: Evaluation period of RLM with measurement gap should be expressed as following equation.
Evaluation period = X × TSSB × Nsamp
Table 1: Value of X depending on TSSB
	SSBs periodicity
	X

	TSSB < MGRP
	1/(1 – TSSB/MGRP)

	MGRP ≤ TSSB
	K


Where, Nsamp is required number of samples for RLM, TSSB is periodicity of SSBs for RLM, and K is a factor for gap sharing.
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