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1 Introduction

In LTE, the link quality control is ensured by means of RLM and RLF. Similar procedures are likely to be needed also in NR. However, there are some differences between NR and LTE imposing additional requirements on such procedures, which we further discuss in this contribution.
2 RLM and RLF in LTE

In LTE, the current RLF procedure has two phases, as depicted in the figure below. The first phase starts upon radio problem detection and leads to radio link failure detection. The second phase (RRC recovery) starts upon radio link failure detection or handover failure and leads to RRC_IDLE in case the RRC recovery fails.
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Figure 1: Radio Link Failure in LTE [36.300].

RLF can be triggered by layer 1 (L1, a.k.a. physical layer or PHY) or layer 2 (L2), which is then reported to layer 3 (L3). Radio Link Monitoring, or RLM, is responsible for L1-triggering. The purpose of radio link monitoring (RLM) is to monitor the radio link quality of the serving cell of the UE and use that information to decide whether the UE is in in-sync or out-of-sync wrt that serving cell. RLM is carried out by UE performing measurement on downlink reference symbols (CRS) in RRC_CONNECTED state. L1 periodically sends in-sync indication or out-of-sync indication to L3. In-sync or out-of-sync is determined based on cell specific reference (CRS) channel quality and the associated hypothetical PDCCH block error ratio; and the actual procedure is carried out by comparing the estimated downlink reference symbol measurements to a target BLER, Qout (10%) and Qin (2%), of hypothetical PDCCH/PCIFCH transmissions from the serving cell. If L3 receives N310 consecutive out-of-sync indications, timer T310 starts running to wait for radio link recovery (i.e. for N311 consecutive in-sync indications received). If T310 expires, timer T311 starts to attempt RRC connection re-establishment. If T311 expires, the UE enters to idle state.

3 RLM in NR
Beamforming is going to be extensively used in NR, at least at certain carrier frequencies, to enable multiple links between the UE and TRPs. Beams-specific reference signals will be used at least for beam management and may also be used for mobility by UEs in the CONNECTED state. Reference signals to be used for RLM in NR have not been yet agreed bin RAN1, however, it is likely that beam-specific reference signals will also be used for RLM to allow the UE to distinguish the quality of different links. Furthermore, the UE will likely have to monitor the quality of multiple beams in parallel. It is, however, not yet clear when the UE should assume a radio link problem, e.g., when the problem is detected for the main beam, for at least one of the beams, or for a subset or all beams of a serving cell, as well as whether the detected problem needs to be reported to higher layers separately for each beam or jointly for multiple beams. To reduce delays, the UE might also attempt to recover beam links prior to reporting the link problem to a cell, in which case the beam recovery time may need to be also accounted for in the RLM requirements.
· Observation 1: RLM requirements need to be adapted for beamforming operation and beam configuration (e.g., to account for beam sweeping periodicity).
· Observation 2: Depending on the agreed procedure, the monitoring period in the requirements will apply for a single beam or for a certain number of beams. 
· Observation 3: A different number of beams may be required to monitor for different cells, e.g., for PCell and PSCell.
· Observation 4: The RLM requirement may further depend on how the UE determines beams to monitor and whether the set of beams to monitor changes or not during the monitoring period.
· Observation 5: RLM requirements in NR have to also account for that RLM may or may not be performed on beams, e.g., depending on beam coverage and whether beams are configured in a cell.
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