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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 Agreements in other groups on RLM

In RAN1#88, the following agreements were made in relation to RLM/RLF:

· Agreements (beam failure recovery):
· 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
· The following mechanisms should be supported in NR:
· The UL transmission to report beam failure can be located in the same time instance as PRACH:
· Resources orthogonal to PRACH resources 
· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 
· FFS channels/signals 
· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH
· Consider the impact of RACH periodicity in configuring the UL signal to report beam failure located in slots outside PRACH
· FFS the signal/channel for the UL transmission
· Additional mechanisms using other channels/signals are not precluded (e.g., SR, UL grant free PUSCH, UL control)
3 Background: 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.

4 Further aspects on RLM in NR
The signals to be used for RLM have not yet been agreed in RAN1, but it is very likely that the signals to be used for RLM are to be beam specific, to make it possible to distinguish individual beams and monitor the link quality for each beam pair link.
· Proposal: RAN4 looks into the feasibility of using for RLM some of the already agreed by RAN1 signals.
As was discussed in [1], RLM requirements will have to be designed to account for beamforming and the number of monitored beam pairs. Furthermore, how RLF is declared and whether L3 is aware of the beam recovery attempts at the physical layer still need to be decided, which may also impact the requirements. 

In addition to beamforming and multiple links to monitor, there are also other differences compared to LTE.

According to RAN1 agreement shown above, in NR the beam pair link(s) will be associated with a control channel and thus reflecting its quality. In LTE, the quality is estimated for a hypothetical PDCCH and it is estimated over the whole bandwidth. In fact, theoretically the quality may even be evaluated in the resources (subframes) where no PDCCH is present. In NR, however, even if the hypothetical control channel approach will be reused, the bandwidth aspect becomes more crucial, since the carrier bandwidth in NR is much larger than in LTE and there may be a big difference in the observed quality in different subbands. So, the RLM frequency resources in NR need to be tighter connected with the actual control channel.
· Observation 1: RLM frequency resources in NR need to be tightly connected with the actual control channel.
Yet another aspect is multiple numerologies in NR. One can envision that the same beam is transmitting signals/channels with different numerologies, so it’s important that the numerology in the resources used by a UE for the quality monitoring is related to the numerology of the actual control channel for that UE.
· Observation 2: The numerology of RLM resources in NR needs to be related to the numerology of the actual control channel.
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