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1. Introduction
At the last RAN4 meeting, requirements on RLM based on SSB were discussed, and there are still some remaining issues. In this contribution, we provide our views on remaining issues regarding requirements on RLM based on SSB.
2. Discussion
In previous RAN4 meetings, requirements on evaluation periods of RLM have been discussed, and there are still some remaining issues considering dynamic channel condition in FR2, DRX misalignment, and availability of SSBs overlapped with measurement gap/SMTC window timing. First of all, we discuss about definition of TSSB. Current RAN4 agreement on evaluation period for FR1 is shown in following table [1].
	Table 8.1.2.2-1: 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
	[10]*max(20,TDRX,TSSB)
	[5]*max(20,TDRX,TSSB)

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





Evaluation periods are defined based on TSSB, and TSSB is the periodicity of SSB configured for RLM as described in above table. However, explicit configuration of SSB periodicity for RLM has not been specified in RAN1/2. RAN1/2 have defined SSB periodicity on serving cell for rate matching purpose, i.e. ssb-periodicityServingCell as specified in [2]. Since SMTC is configured for measurement purpose, it would be reasonable to assume SSB periodicity configured by ssb-periodicityServingCell as SSB periodicity for RLM, i.e. TSSB. Here, TSSB would be equal to or shorter than SMTC periodicity since SMTC periodicity should be equal to or longer than actual SSB transmission periodicity and SSB periodicity for rate matching purpose should be equal to actual SSB transmission periodicity.
Observation 1: SSB periodicity configured for RLM, i.e. TSSB, would correspond to SSB periodicity on serving cell for rate matching purpose signalled via ssb-periodicityServingCell specified in TS 38.331[2], and TSSB would be equal to or shorter than SMTC periodicity.
For FR1, evaluation periods of RLM have already been defined as above, but those for FR2 are still under discussion. As we already mentioned in [3], in case of RLM, Rx beam sweeping aspect would not need to be considered since it would be sufficient to utilize the same Rx beam as current PDCCH reception. Thus, requirements on evaluation periods of IS/OOS for FR2 could be defined in the same manner as for FR1. In addition, since SINR side condition could be better than that in FR1 with considering Rx beamforming gain, required number of samples to derive evaluation periods could be smaller than FR1 case.
Proposal 1: For FR2, evaluation periods of RLM would be expressed as following.
Evaluation period for IS = [X1] × max{[20]ms, TSSB}, (X1 ≤ 5)
Evaluation period for OOS = [X2] × max{[20]ms, TSSB}, (X2 ≤ 10)
Where, TSSB is periodicity of SSB configured for RLM.
At the RAN4 AH1801, requirements on RLM with measurement gap were also discussed. According to previous RAN1 agreement made at RAN1 #91, it is not necessary to consider performing RLM in measurement gap since RLM is performed only within active BWP. However, RLM-RSs would be covered by measurement gap for intra or inter frequency measurement, and following scenarios need to be considered.
· Type A: All RLM-RSs are not overlapped with measurement gap.
· Type B: RLM-RSs are partially overlapped with measurement gap.
· Type C: RLM-RSs are fully overlapped with measurement gap.
Moreover, SMTC window timing also needs to be considered. In some cases, UE could not perform RLM and intra frequency measurement at the same time e.g., due to different Rx beam used for RLM and for intra-frequency measurement. Therefore, both measurement gap timing and SMTC window timing should be taken into consideration when requirement on evaluation periods for RLM with measurement gap is discussed. For FR1, even if SMTC window timing and RLM-RS timing is overlapped, UE could perform both RLM and intra frequency measurement simultaneously at that SSB timing. On the other hands, for FR2, since UE might utilize different Rx beams in RLM and intra frequency measurement, UE could perform either RLM or intra frequency measurement at the SSB timing.
Observation 2: For FR1, when SSB timing for RLM and SMTC window timing are overlapped, UE would be able to perform RLM and intra frequency measurement simultaneously at the SSB timing. On the other hands, for FR2, UE would not be able to perform RLM and intra frequency measurement simultaneously at the SSB timing in some cases, e.g. different Rx beams are used in RLM and intra frequency measurement.
Observation 3: At least for FR2, SMTC window timing should be considered to define requirements on evaluation periods of RLM.
For FR1, requirements on evaluation periods could be simply considered according to above categorized types as same as described in [4]. In case of type A, it is not necessary to consider about measurement gap, so the requirements on RLM evaluation periods for the case without measurement gap can be applied. In case of type B, SSBs for RLM are partially overlapped with measurement gap as shown in Figure 1, and UE should be assumed to perform RLM on SSB timings only outside of measurement gaps. If gap sharing among intra-frequency measurement, inter-frequency measurement, and RLM is assumed, opportunity to perform intra/inter-frequency measurement would decrease due to RLM. Hence, gap sharing should be considered only for RRM measurements from mobility perspective in this case since there are RLM opportunities outside the measurement gap in this case. Thus, the number of SSBs which can be actually used for RLM would decrease in this case compared with that in case without measurement gap or type A, and the number is determined by ratio between TSSB and MGRP. In other words, required number of samples needs to be multiplied by a factor expressed as 1/(1 – TSSB/MGRP).
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Figure 1: Case that RLM-RSs are partially overlapped with measurement gap for FR1
In case of type C, since UE  needs to perform RLM on SSB timings covered by measurement gap, gap sharing among RLM, intra frequency measurement, and inter frequency measurement should be considered as shown in Figure 2. Solution to handle type C case should be the same between FR1 and FR2.
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Figure 2: Case that RLM-RSs are fully overlapped with measurement gap

Proposal 2: For FR1, requirements on RLM with measurement gap would be described as following.
Evaluation period for IS = max{[100]ms, ceil(P×[5]) × TSSB}
Evaluation period for OOS = max{[200]ms, ceil(P×[10]) × TSSB}
P = 1: when all RLM-RSs are not overlapped with measurement gap.
P = 1/(1 – TSSB/MGRP): when RLM-RSs are partially overlapped with measurement gap.
P = 1/X × 100: when RLM-RSs are fully overlapped with measurement gap. X is a signalled RRC parameter for gap sharing among RLM, intra frequency measurement, and inter frequency measurement.
Proposal 3: For both FR1 and FR2, when SSB timing for RLM are fully covered by measurement gap, gap sharing among RLM, intra frequency measurement, and inter frequency measurement should be considered.

For FR2, requirements considering overlap between RLM-RS and measurement gap could be considered as same as FR1 case, but SMTC window timing should also be taken into account as described in observation 3. Figure 3 shows case that SSBs for RLM are partially overlapped with measurement gap and also with SMTC window. On the other hands, Figure 4 shows two cases that SSBs for RLM are partially overlapped with measurement gap and are fully overlapped with SMTC window. As shown in Figure 3, when we assume SSBs for RLM are partially overlapped with SMTC window timing, SSB occasion for intra frequency measurement should be prioritized to use since periodicity of SSB configured for RLM, TSSB, would be always shorter than SMTC periodicity in this partial overlapping case. Therefore, requirements on evaluation periods of RLM and measurement periods of intra frequency measurement would be relaxed by 1/(1 – TSSB/SMTC periodicity) and 1/(1 – SMTC periodicity/MGRP), respectively.
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Figure 3: Case that RLM-RSs are partially overlapped with measurement gap and SMTC window timing for FR2
As shown in Figure 4, when SSBs for RLM are partially covered by measurement gap and are fully overlapped with SMTC window timing, requirement should be considered based on two cases shown in Figure 4. Since UE could not perform RLM and intra frequency measurement at the same time in FR2, measurement timing sharing should be considered between SSB timing for RLM and SMTC window timing for intra frequency measurement. When MGRP is four times (or more) longer than TSSB and SMTC periodicity as depicted in Case 1 on Figure 4, UE could use SSB timings not overlapped with MG timing for both RLM and intra frequency measurement even considering restriction on no simultaneous RLM and intra frequency measurement. 
[bookmark: _GoBack]As shown in Case 2 on Figure 4, however, when TSSB and SMTC periodicity are half of MGRP, there would be just one SSB timing occasion by the subsequent measurement gap. In this case, if SSB timing only outside of measurement gap would be considered for both RLM and intra frequency measurement, RLM and/or intra frequency measurement opportunity would significantly decrease. For example, if we assume the worst case that TSSB = SMTC periodicity = 80 ms, MGRP = 160 ms, and RLM and intra frequency measurement are performed alternately, RLM and intra frequency measurement would occur every 320 ms as shown in Case 2a. In order to make RLM opportunity more frequent, gap sharing between intra frequency and inter frequency measurement would need to be considered as shown in Case 2b.
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Figure 4: Case that RLM-RSs are partially overlapped with measurement gap and fully overlapped with SMTC window timing for FR2.
Based on above discussion, overlapping between SSB timing for RLM and SMTC window timing in FR2 would be categorized as following.
· SSBs timing for RLM are partially overlapped with SMTC window timing for intra frequency measurement.
· In this case, intra frequency measurement should be prioritized rather than RLM, and number of samples to derive evaluation periods of RLM would be multiplied by a factor P = 1/(1 – TSSB/SMTC periodicity).
· SSBs timing for RLM are fully overlapped with SMTC window timing for intra frequency measurement.
· In this case, following aspects should be considered to derive evaluation periods of RLM.
· Measurement timing sharing between RLM and intra frequency measurement.
Proposal 4: For FR2, when SSB timing for RLM and SMTC window timing are partially overlapped, intra frequency measurement should be prioritized rather than RLM on that overlapped SSB timing.
Proposal 5: For FR2, when SSB timing for RLM and SMTC window timing are fully overlapped, SSB timing sharing between RLM and intra frequency measurement should be considered.
3. Conclusion
In this contribution, we provide our views of remaining issues on RLM based on SSB, and we make following observations and proposals.
Observation 1: SSB periodicity configured for RLM, i.e. TSSB, would correspond to SSB periodicity on serving cell for rate matching purpose signalled via ssb-periodicityServingCell specified in TS 38.331[2], and TSSB would be equal to or shorter than SMTC periodicity.
Observation 2: For FR1, when SSB timing for RLM and SMTC window timing are overlapped, UE would be able to perform RLM and intra frequency measurement simultaneously at the SSB timing. On the other hands, for FR2, UE would not be able to perform RLM and intra frequency measurement simultaneously at the SSB timing in some cases, e.g. Different Rx beams are used in RLM and intra frequency measurement.
Observation 3: At least for FR2, SMTC window timing should be considered to define requirements on evaluation periods of RLM.

Proposal 1: For FR2, evaluation periods of RLM would be expressed as following.
Evaluation period for IS = [X1] × max{[20]ms, TSSB}, (X1 ≤ 5)
Evaluation period for OOS = [X2] × max{[20]ms, TSSB}, (X2 ≤ 10)
Where, TSSB is periodicity of SSB configured for RLM.
Proposal 2: For FR1, requirements on RLM with measurement gap would be described as following.
Evaluation period for IS = max{[100]ms, ceil(P×[5]) × TSSB}
Evaluation period for OOS = max{[200]ms, ceil(P×[10]) × TSSB}
P = 1: when all RLM-RSs are not overlapped with measurement gap.
P = 1/(1 – TSSB/MGRP): when RLM-RSs are partially overlapped with measurement gap.
P = 1/X × 100: when RLM-RSs are fully overlapped with measurement gap. X is a signalled RRC parameter for gap sharing among RLM, intra frequency measurement, and inter frequency measurement.
Proposal 3: For both FR1 and FR2, when SSB timing for RLM are fully covered by measurement gap, gap sharing among RLM, intra frequency measurement, and inter frequency measurement should be considered.
Proposal 4: For FR2, when SSB timing for RLM and SMTC window timing are partially overlapped, intra frequency measurement should be prioritized rather than RLM on that overlapped SSB timing.
Proposal 5: For FR2, when SSB timing for RLM and SMTC window timing are fully overlapped, SSB timing sharing between RLM and intra frequency measurement should be considered.
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