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1. Introduction
At the last RAN4 meeting, companies including us showed evaluation results on NR radio link monitoring (RLM) based on agreed simulation assumptions [1]. In this contribution, we provide our view on RLM requirements.
2. Discussion
Evaluation period for RLM
Based on evaluation results at the last RAN4 meeting, we provided following observations in [2].
· IS measurement period can be much shorter than OOS measurement period as in LTE RLM requirements.
· In order to derive RLM requirements for RLM based on SS/PBCH block, it should be assumed that both NR-SSS and PBCH-DMRS are used for RLM.
· 5 SS/PBCH block samples as IS measurement period and 10 SS/PBCH block samples as OOS measurement period can be considered as starting point for the discussion on RLM requirements.
From these observations, 5 samples for IS and 10 samples for OOS are sufficient to achieve the same value of SINR estimation accuracy as LTE RSRP measurement (e.g. +/- 4.5 dB), and that number of samples corresponds to measurement period in LTE case if we assume 20 ms SS burst set periodicity, i.e. . In NR RLM, IS indication could be reported if UE confirm at least one beam which is better than IS threshold, on the other hand, UE needs to evaluate all configured beams to determine OOS. That is why evaluation period for IS could be shorter than OOS as same as in LTE RLM, and this is supported by evaluation results as mentioned above.
Proposal 1: Different requirements on evaluation periods for IS and OOS in NR RLM should be defined as same as LTE RLM case.
If we take LTE case requirements into consideration, measurements for RLM do not need to be faster than 100 ms/200 ms when IS/OOS is determined. On the other hand, longer measurement periodicity is required as longer SS bust set periodicity is configured, so that IS measurement period TIS and OOS measurement period TOOS should be proportional to SS burst set periodicity TSS_burst_set_periodicity if TSS_burst_set_periodicity is longer than 20 ms. However, TIS or TOOS is too long if we assume much longer SS burst set periodicity, and channel conditions might be significantly different during measurement period, e.g. TIS = 800 ms, TOOS = 1.6 s at TSS_burst_set_periodicity = 160 ms. In that case, measurement time should be prioritized rather than achieving higher accuracy with same number of samples as shorter TSS_burst_set_periodicity. From this aspect, UE should perform measurement for RLM even with less number of samples to complete RLM measurement in sustainable condition. Table 1 shows that measurement periods for RLM with respect to TSS_burst_set_periodicity.

Proposal 2: Evaluation periods for IS (TIS) and OOS (TOOS) in NR RLM could be defined as shown in Table 1.
Table 1: Evaluation period for RLM
	SS burst set periodicity
	TIS (Number of samples)
	TOOS (Number of samples)

	 TSS_burst_set_periodicity ≤ 20 ms
	100 ms (5 samples or more)
	200 ms (10 samples or more)

	TSS_burst_set_periodicity = 40 ms
	200 ms (5 samples)
	400 ms (10 samples)

	TSS_burst_set_periodicity = 80 ms
	320 ms (4 samples)
	640 ms (8 samples)

	TSS_burst_set_periodicity = 160 ms
	480 ms (3 samples)
	960 ms (6 samples)



RLM in case of BWP
According to current RAN1 agreement, SSBs used for RLM can be outside of UE active CBW, and UE could not receive and transmit any data during measurement for RLM in that case. In our opinion, it should be avoided that SSBs for RLM are configured outside of UE active CBW because measurements for RLM would be performed more often than the other measurements and performance would be degraded. However, RAN4 needs to take that case into account unless RAN1 agree that SSB should be configured inside of UE active CBW in PCell/PSCell. For SSB based RLM, two sets of alternatives can be considered if SSBs for RLM are outside of UE active CBW. One is UE are not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH during transmission of SSB for RLM, but measurement gap is not used. The other is UE supports measurement gap for RLM. As we already mentioned above, measurements for RLM might be performed more often, so we think that measurement gap based RLM would not be good design from performance perspective. On the other hand, if UE supports measurement gap for RLM, UE can cut implementation complexity. In our view, RLM without measurement gap would be better for SSB based RLM to avoid too many measurement gaps are used for measurements including RLM, beam management, and so on.
Proposal 3: For SSB based RLM, following alternatives should be considered.
Alt.1: SSB for PCell/PSCell should be within UE active CBW. In this case, RAN4 needs to send LS to RAN1.
Alt.2: UE are not expected to transmit any data during transmission of SSB for RLM, and UE does not support measurement gap for RLM.

UE capability for RLM regarding number of RLM-RS resources
At least for SSB based RLM, it was agreed that UE shall be able to monitor X RLM-RS resources, but FFS if any UE capability is needed, e.g. related to number of SSBs UE can monitor or number of PDCCHs. As we provide in our RAN1 contribution [3], if 8 is the maximum number of RLM-RS resources to be configured, RLM-RS resources need to be reconfigured within the same cell when all original 8 beams are unavailable considering the number of beams in that cell. On the other hand, if UE needs to monitor larger number of beams, UE complexity due to measurements for RLM would be a concern. Thus, RAN4 needs to discuss minimum UE capability on the number of RLM-RS resources UE should be able to monitor. 

Proposal 4: Minimum UE capability on the number of RLM-RS resources UE shall be able to monitor need to be discussed in RAN4 depend on the maximum number of configured RLM-RS resources for a UE.

3. Conclusion
In this contribution, we provide our view on RLM requirements based on previous our evaluation results, and make following proposals.
Proposal 1: Different requirements on evaluation periods for IS and OOS in NR RLM shoud be defined as same as LTE RLM case.
Proposal 2: Evaluation periods for IS TIS and OOS TOOS in NR RLM could be defined as shown in Table 1.
Table 1: Evaluation period for RLM
	SS burst set periodicity
	TIS (Number of samples)
	TOOS (Number of samples)

	 TSS_burst_set_periodicity ≤ 20 ms
	100 ms (5 samples or more)
	200 ms (10 samples or more)

	TSS_burst_set_periodicity = 40 ms
	200 ms (5 samples)
	400 ms (10 samples)

	TSS_burst_set_periodicity = 80 ms
	320 ms (4 samples)
	640 ms (8 samples)

	TSS_burst_set_periodicity = 160 ms
	480 ms (3 samples)
	960 ms (6 samples)



Proposal 3: For SSB based RLM, following alternatives should be considered.
Alt.1: SSB for PCell/PSCell should be within UE active CBW. In this case, RAN4 needs to send LS to RAN1.
Alt.2: UE are not expected to transmit any data during transmission of SSB for RLM, and UE does not support measurement gap for RLM.
Proposal 4: Minimum UE capability on the number of RLM-RS resources UE shall be able to monitor need to be discussed in RAN4 depend on the maximum number of configured RLM-RS resources for a UE.
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