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1. Introduction
RAN4 has discussed about requirements for RLM, but there has been still remaining issues including PDCCH transmission parameters for OOS/IS and N=1 condition. In this contribution, we provide our views on remaining issues regarding RLM requirements.
2. Discussion
2.1. PDCCH transmission parameters for OOS and IS
At the last meeting, we had intensive discussion on PDCCH transmission parameters for out-of-sync (OOS) and in-sync (IS). There are remaining issues on bandwidth (BW) and subcarrier spacing (SCS) [1]. Regarding the bandwidth, it highly impacts UE behavior on OOS and IS indication. For instance, if the assumed BW is smaller than actual BW, it might result in deriving degraded hypothetical BLER, since frequency diversity gain is not fully achieved. This case causes unnecessary OOS indication and PRACH transmission. On the other hand, if the value of BW is larger than the actual value, UE might derive improved hypothetical BLER, since frequency diversity gain is achieved more than reality. In this case, OOS is not indicated to higher layer even if link quality is not good enough. Similar problem also occurs for IS (over and under estimation of BLER and inappropriate indications). In this sense, the value of BW should not be extreme values, i.e., too large or too small, and we propose 48 PRBs. The value of SCS is largely different according to the carrier frequency. Considering the typical deployment parameters, it is preferred to have 15, 30 and 120 kHz. Here, there is no strong reason to apply different values for SSB-based and CSI-RS-based RLM. On the other hand, decision of OOS and IS can be different considering stable NW operation. However, these adjustment is taken into account by applying different aggregation level and EPRE and it seems not necessary to apply different values for OOS and IS as well.
Proposal 1: BW for PDCCH transmission parameters for OOS and IS is 48 PRBs.
Proposal 2: SCS for PDCCH transmission parameters for OOS and IS is 15, 30 and 120 kHz.

2.2. Conditions for N=1
At the last RAN4 meeting, there was discussion on conditions to apply N=1 for RLM. Followings are the current specification based on the agreements [1].
	[bookmark: _Toc535475956][bookmark: _Toc535475958]8.1.2	Requirements for SSB based radio link monitoring
8.1.2.2	Minimum requirement
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_SSB [ms] period becomes worse than the threshold Qout_SSB within TEvaluate_out_SSB [ms] evaluation period.
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_in_SSB [ms] period becomes better than the threshold Qin_SSB within TEvaluate_in_SSB [ms] evaluation period.
TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-1 for FR1.
TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-2 for FR2 with
-	N=1,
if the SSB configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting, and the QCL association is known to UE;
-	N=8, otherwise.

8.1.3	Requirements for CSI-RS based radio link monitoring
[bookmark: _Toc535475960]8.1.3.2	Minimum requirement
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_CSI-RS [ms] period becomes worse than the threshold Qout_CSI-RS within TEvaluate_out_CSI-RS [ms] evaluation period.
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_in_CSI-RS [ms] period becomes better than the threshold Qin_CSI-RS within TEvaluate_in_CSI-RS [ms] evaluation period.
-	TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS are defined in Table 8.1.3.2-1 for FR1.
-	TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS are defined in Table 8.1.3.2-2 for FR2, where
-	N=1,
if the CSI-RS resource configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE;
-	N=8, otherwise.


There still was argument whether to keep remaining condition as highlighted in light blue. Regarding SSB-based RLM, if SSB configured for RLM is QCL-Type D with CSI-RS for L1-RSRP reporting, UE can train Rx beams using CSI-RS for beam reporting. In the current situation, RAN4 has already agreed that UE performs Rx beam sweeping on CSI-RS configured for L1-RSRP reporting, and current description should be kept in TS 38.133. Otherwise, UE needs to perform Rx beam sweeping, which is not necessary. Based on above discussion, we made following proposal.
[bookmark: _GoBack]Proposal 3: Following condition of N=1 for SSB based RLM should be kept in TS 38.133.
· if the SSB configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting, and the QCL association is known to UE
For CSI-RS based RLM, the condition needs to be kept, since Rx beam information is available based on SSB or CSI-RS that is used for beam management. Following proposal is made based on the discussion.
Proposal 4: Following condition of N=1 for CSI-RS based RLM should be kept in TS 38.133.
· if the CSI-RS resource configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE
3. Conclusion
In this contribution, we provided our views on requirements of radio link monitoring, and we made following proposals.
Proposal 1: BW for PDCCH transmission parameters for OOS and IS is 48 PRBs.
Proposal 2: SCS for PDCCH transmission parameters for OOS and IS is 15, 30 and 120 kHz.
Proposal 3: Following condition of N=1 for SSB based RLM should be kept in TS 38.133.
· if the SSB configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting, and the QCL association is known to UE
Proposal 4: Following condition of N=1 for CSI-RS based RLM should be kept in TS 38.133.
· if the CSI-RS resource configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE
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