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1. Introduction

In last RP#75 the SI of NR was finalized and the outcome was documented in [2]. Meanwhile, a new WI on NR was approved in [3]. According to the WI, RAN4 will start RRM work from RAN4 #82bis, including measurement, mobility, timing, RLM and etc. . This contribution provides some initial discussion on RLM for NR.
2. Discussion 
In LTE, UE monitors the down link quality based on CRS and compares it with the Qout and Qin threshold in RRC CONNECTED mode. 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. 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. When the downlink radio link quality becomes worse than the threshold Qout over the last 200ms when no DRX is used, layers1 of UE shall send an out-of-sync indication to higher layers. When the downlink radio link quality becomes better than the threshold Qin over the last 100ms when no DRX is used, layer 1 of the UE shall send an in-sync indication to the higher layers. 

In NR, there are many new scenarios (e.g. URLLC, mMTC, eMBB).The demand of RLM requirement may be different in different scenario. For instance, the low latency and high reliability are the core performance metrics for URLLC, which might require even lower BLER than other scenarios. Therefore different Qout and Qin thresholds with lower BLER could be possible in this scenario. For mMTC, UE is expected to be low cost, low power consumption and can support deep coverage, so the requirement may need to be relaxed. So, RAN4 may need to study different RLM requirements for different scenarios.
Observation1: When defining the requirements of RLM in NR, the different scenarios shall be taken into account. 

There are some agreements about beam management for NR in RAN1. We will discussion the RLM in NR with these agreements.
	Agreements: 

· Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs 

· Note: here the beam pair link is used for convenience, and may or may not be used in specification 

· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH 

· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 

· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH 

· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH 

· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded 

· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE 
· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH 

· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 

· Note: the criterion for declaring radio link failure is for RAN2 to decide. 

· FFS: The necessity of such indication 

· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols 


It can be observed from above agreements that more than one (Y) beams can be configured for UE to monitor. And RLF would be declared once X (<=Y) out of Y beam pair links fall below certain threshold. That’s quite different from LTE. 
In LTE, UE only need to monitor one down link for serving cell (except for DC). More specifically, UE will evaluate the SNR of CRS from serving cell and compared it with out-of-sync and in-sync SNR thresholds (mapped from Qout and Qin thresholds) to judge the link quality. The mapping from Qout/Qin BLER to SNR can be obtained by PDCCH/PCFICH demodulation simulation. 
As for NR, new RLM mechanism can be foreseen since UE needs to monitor multiple beams simultaneously. For example, if all the configured beams are activated (e.g. with NR-PDCCH or NR-PDSCH transmission), UE may monitor them separately. The RLM mechanism on each beam could be similar with LTE. And UE will trigger RLF once X out of Y configured beam pair links are blocked. Whilst, if not all the configured beams are activated, e.g. some of them may be configured as candidate beams without NR-PDCCH/NR-PDSCH transmission, we may need to figure out some other ways to monitor these candidate beams. Radio link monitoring based on hypothetical NR-PDCCH/NR-PDSCH BLER would not be feasible. 
However, the fundamental mechanism of RLM is still being studied in RAN1 and RAN2. There are still many open issues to be settled before RAN4 can start evaluation, e.g. how to trigger RLM on multiple beams, which signal(s) is/are used for monitoring, whether RLF of individual beam should be indicated to L3, and etc. All of these may have impact on RLM RRM requirements.
Observation2: RRM requirements for RLM on multiple beams need to be studied in RAN4. 
3. Conclusions

In this contribution we provide initial discussion on RLM in NR. After discussion the following observations are made:
Observation1: When defining the requirements of RLM in NR, the different scenarios shall be taken into account. 

Observation2: RRM requirements for RLM on multiple beams need to be studied in RAN4. 
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