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1 Introduction
In NR, a beam may be lost / degrade due to various reasons especially in higher frequencies, e.g., due to beam blockage, beam misalignment or changes in radio environment so that the current beams do not provide adequate quality for communication. Although the current beam cannot be used, UE may have alternative beam that are usable. When there exists alternative beam(s) for communication, the connection between the UE and the network should be recovered via beam recovery procedure.
2 Definitions
For beam management, the UE measures beam specific reference signals (e.g., CSI-RS for Mobility). Based on the measurements, the UE reports detected beams according to network configuration. Out of the reported beams, network allocates for the UE beams for PDCCH monitoring. UE may have multiple PDCCH beams e.g. corresponding to different UE/gNB beams for robustness: in case one PDCCH beam fails alternative beam may be used.
Allocation of beam(s) for PDCCH reception is done using MAC/DCI signaling.
In our view the beam switch/change and beam recovery have the following definition:
-	Beam change/switch: When network allocates UE with beam(s) for PDCCH reception out of the reported candidate beams or requests UE to monitor alternative beam for PDCCH reception. UE may have multiple beams for PDCCH reception e.g. associated with different UE RX beams. Both network and UE may detect the need for beam change. 
-	Beam Recovery: When the current beam (can be multiple beams) allocated for PDCCH reception cannot be used, i.e., beam quality has degraded or the beam is blocked, but UE detects alternative potential candidate beams that are not currently allocated for PDCCH reception and indicates these beams to network via L1/L2 signaling.
3	Radio Link Monitoring in NR
NR supports two levels of mobility, intra-cell and inter-cell. Intra-cell mobility should not be visible to RRC (or may have very limited visibility) thus RRC should not be involved with the management of individual beams but operates on cell level. In LTE radio link monitoring, the L1 provides (in-sync/out-of-sync) indication to L3 which then determines the cell radio conditions based on the received indications. In NR, the L2 should be responsible for triggering beam management actions such as beam reporting and beam recovery; thus the radio link monitoring should consist of two levels:
L1 provides beam level IS/OOS indications to L2. Determining the IS/OOS conditions should be based on the beams allocated for PDCCH reception. L2 determines the cell level IS/OOS condition based on the L1 indications and triggers/indicates proper actions:
L2 is able to determine when to indicate cell level IS/OOS: e.g. if UE is configured with multiple beams for monitoring PDCCH and one PDCCH beam fails (is blocked), the cell could be still considered in-sync (IS) as alternative PDCCH beam exists. The recovery of such situation is handled by L2. Exact conditions when L2 indicates to L3 the cell level IS/OOS condition based in L1 beam level indications needs further consideration in RAN2.
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Figure 1. High level illustration of the proposed RLM framework
Proposal 1: L1 indicates beam level IS/OOS to L2 and L2 indicates cell level IS/OOS to L3 (RRC). Actual mechanism is FFS. 
It is FFS how the IS/OOS condition for a cell is determined by L2 based on L1 indications. L2 should also obtain beam level measurements from L1 to determine when to initiate beam recovery. 
One way to calculate the IS/OOS condition would be to reuse LTE mechanism e.g. determine hypothetical PDCCH error rate by estimating it from beam reference signals configured for PDCCH reception. Alternatively, e.g. the OOS condition could be based on missing feedback signals (ACK/NACK). 
4	Beam Recovery
In UE event triggered beam recovery, UE is configured with certain conditions when it determines the need for beam recovery. One potential way to detect need for recovery is to use the beam measurements (provided by L1). L2 may be configured to monitor specific beams that are allocated for PDCCH reception. Detecting signal degradation on those beams should trigger recovery actions. For the recovery actions, UE should indicate to the network new potential beams (if available) via L1/L2 beam reporting or it should request network to switch to alternative beam (for PDCCH monitoring) if such beam exists. 
For beam recovery following signals/channels could be used:
Scheduling Request:
Scheduling request, SR, is conventionally used by UE to request UL-SCH resources for new data transmission. From beam management perspective, SR can be used to request resources for transmitting beam report. Specific triggering conditions can be specified and configured by the network when the UE can trigger SR transmission for beam recovery. SR may also be used for other beam management events.
RACH:
Random access procedure may be used as fall back mechanism when the link cannot be recovered by other means but UE has detected potential beams in a current serving cell. In RA-procedure UE could indicate new preferred beam by sending msg1 on RACH resource corresponding to a specific set of beams (SS block) or potentially on resource corresponding to a specific beam. Network is able to detect the link recovery e.g. based on the UE identity in msg3. Additionally, UE may send beam report e.g. in msg3.
Proposal 2: Define UE triggered L2 beam recovery events and corresponding actions.
5	Conclusions
Radio Link Monitoring and Beam Recovery for NR were discussed and the following is proposed:
Proposal 1: L1 indicates beam level IS/OOS to L2 and L2 indicates cell level IS/OOS to L3 (RRC). Actual mechanism is FFS. 
Proposal 2: Define UE triggered L2 beam recovery events and corresponding actions.
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