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1	Introduction
RAN2#97bis made following agreement: 

Agreements
1:	For connected mode, UE declares RLF upon timer expiry due to DL OOS detection, random access procedure failure detection, and RLC failure detection.
FFS whether maximum ARQ retransmission is only criteria for  RLC failure (needs to be discussed in common UP/CP session). 
2	In NR RLM procedure, physical layer performs out of sync / in sync indication and RRC declares RLF. 
3	For RLF purposes, RAN2 preference is that the in sync / out of sync indication should be a per cell indication, and we aim for a single procedure for both multi-beam and single beam operation.
=>	Ask RAN1 whether the in sync /out of sync indications for RLF can be provided per cell, and also ask whether the indication would be periodic as in LTE. Draft LS to be provided in R2-1703920

In this contribution we discuss two potential alternatives for radio link monitoring and propose that RAN1 should indicate PDCCH beam level IS/OOS indication to higher layer.
2	Radio Link Monitoring
LTE Radio Link Monitoring 
In LTE radio link monitoring the L1 provides IS/OOS (in-sync/out-of-sync) indication to L3 which the determines the cell radio conditions based on the received indications. In LTE the IS/OOS condition is determined based on the measurements on cell specific reference signals and determining block error rate of hypothetical PDCCH transmission taking into account the PCFICH errors (36.133).
Radio Link Monitoring on PDCCH Beams
NR supports two levels of mobility, intra-cell and inter-cell. Intra-cell mobility is not visible to RRC (or may have very limited) thus it needs not to concern with the management of individual beam but operate on cell level. In NR the radio link monitoring should be done on beams configured for PDCCH reception. How to calculate the IS/OOS condition (or Qin, Qout) e.g. which reference signals to use is FFS. One way would be to consider similar mechanism as in LTE and e.g. determine hypothetical PDCCH error rate by estimating it from the P-1 CSI-RS corresponding to the beams configured for PDCCH reception. L1 considers the IS/OOS condition by comparing the CSI-RS signal level to the Qin and Qout thresholds. Exact values for Qin and Qout are FFS. 
It is FFS if OOS condition could be based also on missing feedback signals (ACK/NACK). 
Proposal 1: L1 determines beam level IS/OOS condition on beams configured for PDCCH monitoring 
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[bookmark: _Ref477956625]Figure 2. Radio Link Monitoring framework for NR.

In NR the beam failure detection and radio link monitoring should be considered to be tightly coupled and should be considered jointly [2]. UE may be configured with multiple PDCCH beams and it should be determined how to determine cell level IS/OOS using multiple PDCCH beams. We identified to potential alternatives in Figure 2. 
Alternative 1 L1 -> L3
In this alternative L1 would determine cell level IS/OOS based on the PDCCH beam IS/OOS condition. It is FFS how to consider cell level IS/OOS condition in case of multiple PDCCH beams configured for UE. It should be also considered how this approach works together with beam recovery and beam management. L2 should be the layer determining when to trigger any signals for beam recovery (RACH/SR/other) thus it should have also knowledge on whether a PDCCH beam is considered to be in failure. L2 would be able to detect this based on the L1 provided RSRP measurements but this creates a gap between radio link monitoring and beam recovery i.e. L2 beam management would run separately from RLM i.e. L2 may need some other explicit indication when a PDCCH beam is considered to be in out of sync. 
Depending on the L2 beam management (e.g. if L2 Is tracking candidates for PDCCH reception) e.g. if alternative beam/beams not configured for PDCCH reception become better than current PDCCH beam based on the measurements L2 may react before a beam is considered OOS.  

Observation 1: With alternative 1 the L2 beam recovery/failure detection would potentially run separately from radio link monitoring 
Alternative 2: L1  -> L2 -> L3
L2 should be responsible for triggering beam management actions such as reporting and recovery thus the radio link monitoring should comprise of two levels:
L1 provides beam level IS/OOS indication to L2. Determining the IS/OOS conditions should be based on the beams configured for PDCCH reception. L2 determines the cell level IS/OOS condition based on the L1 indication 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 links for monitoring PDCCH and one PDCCH link fails (is blocked) the cell could be still considered IS as alternative link exists. The recovery of such situation is handled by L2. Exact operation when L2 indicates to L3 the IS/OOS condition based in L1 indication is RAN2 issue. This mechanism is illustrated in the Figure 2. L1 provides CSI-RS measurements on P-1 signals (K detected beams) to L2 and provides IS/OOS condition to L2 on PDCCH beams.
Proposal 2: L1 indicates IS/OOS condition per PDCCH beam to L2 periodically. Periodicity is FFS. 
3	Conclusions
Observation 1: With alternative 1 the L2 beam recovery/failure detection would potentially run separately from radio link monitoring 
Proposal 1: L1 determines beam level IS/OOS condition on beams configured for PDCCH monitoring 
Proposal 2: L1 indicates IS/OOS condition per PDCCH beam to L2 periodically. Periodicity is FFS. 
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