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Introduction
[bookmark: _Hlk513205245]RAN4 has been discussing the RLM requirements. In RAN4#86bis the following aspects are discussed and some agreements are made in [1] and [2]. However, there was no agreement made related to CSI-RS based RLM.
· PDCCH parameters
· Need for Rx beam sweeping for FR2 RLM
· Collison among RLM-RS, MG and intra-frequency measurement SMTC
· DRX requirements for evaluation period 
[bookmark: _Hlk513205847]In our companion paper [3], we will address the remaining issues for SSB based RLM. It should be noted that all the issues are common for SSB based and CSI-RS based RLM, so the conclusions in [3] also apply for CSI-RS based RLM.
The specific issues for CSI-RS based RLM are 
· Evaluation period
· Hypothetical PDCCH parameters
In this paper, we will provide our views on the remaining open issues specific for CSI-RS based RLM.
Discussion
[bookmark: _Hlk513733380]Evaluation period requirements
For SSB based RLM, RAN4 conducted simulations to check how many samples are needed by UE to accurately measure SNR. Conclusion is that 5 samples are needed at Qin condition and 10 at Qout condition. For CSI-RS based RLM, we have provided our simulation results in [4] for the SNR measurement accuracy with different SNR points, measurement BW and RS density. 
In this paper we repeat the simulation results based on which we will try to find out the reasonable side conditions and number of samples for evaluation period for CSI-RS based RLM. In RAN4#86bis, it is common understanding among companies in RAN4 that the OOS and IS evaluation in NR would be conducted at similar SINR conditions as in LTE. Following this principle, 
· Qout would be around -11dB for AWGN and -8dB for fading channels. 
· Qin would be around -5dB for AWGN and -1dB for fading channels.
In the following discussion, we will focus on the results with SNR -11dB for Qout and -6dB for Qin. For the accuracy, as the parameter design targets >6dB gap between Qout and Qin, we will focus on absolute accuracy of 3dB.
Table 1 shows the SNR estimation accuracy for 15kHz SCS and AWGN for below cases. 
· PRB = 24, D = 1
· PRB = 24, D = 3
· PRB = 96, D = 1
· PRB = 96, D = 3

[bookmark: _Ref510801571]Table 1: SNR estimation accuracy for 15kHz SCS and AWGN
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From the results, it can be seen that in order to get 3dB accuracy at -11dB SNR condition, we need
· PRB = 24, D = 1: more than 20 samples
· PRB = 24, D = 3: 10 samples
· PRB = 96, D = 1: 10 samples 
· PRB = 96, D = 3: 5 samples
From the results, it can be seen that in order to get 3dB accuracy at -6dB SNR condition, we need just 5 samples for all cases.
In Table 2 we show the SNR estimation accuracy for 120kHz SCS and CDL-C channel. The same observations can be made. Actually we have observed the same for all combinations of SCS and propagation channels, but due to space limit, we cannot put all the simulation results in the paper.
Since the BW and density of CSI-RS for RLM is configured by network, it is then a question for which configurations RAN4 should define UE requirements. Based on our simulation results, our suggestion is that the requirements are defined for two cases below since they lead to reasonable measurement burden at the UE. The required number of samples are same for the two cases, i.e. 5 samples at Qin and 10 samples at Qout.
· PRB = 24, D = 3
· PRB = 96, D = 1
[bookmark: _Ref510803441]Table 2: SNR estimation accuracy for 120kHz SCS and CDL-C (30ns, 30km/h)
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[bookmark: _Ref510817599]Evaluation period requirements for CSI-RS based RLM are defined based on 5 samples at Qin and 10 samples at Qout for the below conditions
-	PRB = 24, D = 3
-	PRB = 96, D = 1
Reference CORESET for PDCCH parameters
For SSB based RLM, the hypothetical PDCCH parameters are mainly based on RMSI CORESET. This is reasonable since SSB is most likely to be transmitted using cell level beams, and can better represent a common control channel performance. CSI-RS is, on the other hand, UE specific, so the parameters like SCS and BW of PDCCH may need to follow some UE specific CORESET configuration.
According to RAN1, for each BWP at most 3 CORESETs can be configured, and we think one of the configured CORESETs can be used as the reference for hypothetical PDCCH for RLM. In RAN4#86, some options are proposed by companies, including
· Option 1: Based on Coreset has QCL relationship with CSI-RS
· Option 2: Based on first Coreset within default activated BWP
· Option 3: Based on RMSI coreset (same as for SSB based RLM)
In our view, option 1 may not work. Network may configure up to 3 CORESETs, and for each CORESET there is a TCI state which indicates the source RS which UE can assume to be QCL-ed with the DMRS of the CORESET. However, the source RS of a CORESET may or may not be a CSI-RS for RLM. In other words, a specific RLM-RS may not be the source RS in the TCI state of any configured CORESET, i.e. we cannot find a CORESET that is QCL-ed with the CSI-RS for RLM. On the other hand, it may also happen that different CSI-RS resources for RLM may be indicated as the source RS for different CORESETs, and which should be used to derive the hypothetical PDCCH parameters is still unclear.
Option 3, as discussed above, is not proper for CSI-RS based RLM. Therefore, our preference is option 2, i.e. the hypothetical PDCCH parameters are simply derived from the first CORESET in the active BWP. Actually, network would ensure the configured RLM-RS for RLM are QCL’d with the CORESET, otherwise the link quality monitored on the CSI-RS cannot represent the performance of the real PDCCH.
[bookmark: _Ref510817600]The hypothetical PDCCH parameters for CSI-RS based RLM are derived based on first CORESET in the active BWP.
Conclusion
In this paper, we provided our views on the remaining open issues specific for CSI-RS based RLM.
Proposal 1: Evaluation period requirements for CSI-RS based RLM are defined based on 5 samples at Qin and 10 samples at Qout for the below conditions
-	PRB = 24, D = 3
-	PRB = 96, D = 1
Proposal 2: The hypothetical PDCCH parameters for CSI-RS based RLM are derived based on first CORESET in the active BWP.
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