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1. Introduction
In this contribution, we discuss radio link monitoring measurements and procedures related to radio link failure declaration. More specifically, we focus on reference signals used for radio link monitoring and declaration of radio link failure.
 
2. Reference Signals for RLM


Unlike the measurements needed for mobility, the measurements for RLM requires estimation of the SINR metric of the serving cell. In LTE, the SINR metric was derived from a hypothetical LTE PDCCH BLER that the UE measures in each radio frame. Similarly, the reference signal will be used to derive a SINR metric for NR. In the physical layer, either “in-sync” or “out-of-sync” indication will be provided to upper layers based on the SINR metric.

In LTE ‘in-sync’ and ‘out-of-sync’ was determined by two thresholds, Qin and Qout. The two threshold are  defined as follows [1]:
	7.6 Radio Link Monitoring 
7.6.1 Introduction
The UE shall meet the radio link monitoring requirements specified for PSCell in section 7.6 provided that the UE is configured with the parameters T313, N313 and N314 defined in [2]. 
The UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the PCell and PSCell as specified in [3]. 
The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the PCell and PSCell. 
The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1. 
The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-2.




Since NR does not have cell-specific reference signal (CRS) available, we will have to designate reference signals among what is available for NR to perform the RLM functionalities. The multi-beam operation in NR further complicates the measurement and how the RLM quality needs to be determined. In rest of the section, we discussion potential candidate reference signal for RLM measurements, and how the ‘in-sync’ and ‘out-of-sync’ should be defined for NR.

Some obvious candidates for reference signal for NR RLM are:
· NR SS
· DM-RS of common control channel (NR PDCCH)
· This may be NR PDCCH of remaining system information, other system information that is expected to be transmitted, paging messages, etc. This likely will have some QCL relationship with NR SS, and beam swept such that it can be received by all UEs.
· DM-RS of UE specific control channel (NR PDCCH)
· This is NR PDCCH that is sent for a specific UE.
· CSI-RS configured for beam management (e.g. P-1 CSI-RS)

Each of the candidate reference signals has its own merits and disadvantages. Although the multi-beam operation does complicate RLM procedures, the UE may rely on NR SS at the very minimum for RLM. This is because the NR SS is the first fundamental signal the UE uses to detect presence of a cell and also used to perform IDLE mode cell re-selection process. If the UE cannot get sufficient measurement quality from NR SS, even if the UE is able to get good reception using highly directive unicast beams, it is very likely that the communications will fail eventually due to mobility of the UE and beam blockage effects. Therefore, we propose that at least NR SS, and possibly the DM-RS of common control channel which will have QCL relationship with NR SS should be available for RLM reference signals.
It should be noted that NR SS can currently be configured with periodicity from 5 msec to 160 msec. Therefore, we may need to consider additional reference signal to aid measurement of ‘in-sync’ and ‘out-of-sync’ RLM states.

Proposal 1:
· NR SS and DM-RS of common control channel can be used for RLM reference signals for deriving Qin and Qout metrics.
· Additional RLM reference signals are FFS.
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3. Conclusions
	In this contribution, we discussed RLM reference signals and how the radio link quality should be determined.  Our proposals are summarized as below:
Proposal 1:
· NR SS and DM-RS of common control channel can be used for RLM reference signals for deriving Qin and Qout metrics.
· Additional RLM reference signals are FFS.
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