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Introduction
In this contribution we will discuss some of the remaining stage 2 aspects of radio link monitoring (RLM) procedure and criteria for declaring radio link failure (RLF). We also discuss the potential relation between beam failure detection, beam recovery and their visibility to higher layers for RLF purposes.
[bookmark: _Ref178064866]Discussion
RLM/RLF in LTE
The purpose of the Radio Link Monitoring (RLM) function in the UE is to monitor the downlink radio link quality of the serving cell in RRC_CONNECTED state. Monitoring is based on the Cell-Specific Reference Signals (CRS). This in turn enables the UE when in RRC_CONNECTED state to determine whether it is in-sync or out-of-sync with respect to its serving cell as described in TS 36.213, Section 4.2.1.
The UE’s estimation of the downlink radio link quality is compared with out-of-sync and in-sync thresholds, Qout and Qin for the purpose of RLM. These thresholds are expressed in terms of the Block Error Rate (BLER) of a hypothetical Physical Downlink Control Channel (PDCCH) transmission from the serving cell. Specifically, Qout corresponds to a 10% BLER while Qin corresponds to a 2% BLER. The same threshold levels are applicable with and without DRX.
The mapping between the CRS based downlink quality and the hypothetical PDCCH BLER is up to the UE implementation. However, the performance is verified by conformance tests defined for various environments, as described in TS 36.521 and TS 36.133.
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Figure 1 The whole RLM and RLF procedure in LTE


[bookmark: _Toc473127699][bookmark: _Toc473904837]RLM in NR
In RAN2#97bis, the following has been agreed related to RLM in NR
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.
Then in RAN2#98, the FFS above is solved
	As a baseline, RLF is triggered based on RLC max number of retransmission reached for single leg.

Hence, one of the remaining open issues was whether there will be per cell OOS/IS indications or not. RAN1 has provided a response in R1-1703964 as follows:Q1: Can the in-sync/out-of-sync indications for RLF be provided per cell?
A1: RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
Q2: Is RAN1 planning to provide in-sync/out-of-sync indications that are periodic (similar to LTE)?
A2: RAN1 plans to provide at least periodic IS/OOS indications.



According to RAN1, such IS/OOS indication is at least periodical and such indicator is irrespective of number of beams in a cell. In our view, the reason RAN1 has not yet concluded that this is per cell or not could be due to details to be settled concerning the control channel design and its relation to cell identifiers. However, from a RAN2 perspective what matters is that as in LTE, the higher layers monitoring the occurrence of RLF will only see single OOS indications and IS indications associated to that UE per reporting instance. This provides sufficient input to apply the LTE baseline for the RLF model, comprising counters for OOS and IS events, thresholds for these counters and an RLF timer.
1. As in LTE, a number of consecutive OOS indications will start the RLF timer, and another number of consecutive IS indications will stop the RLF timer (“First Phase” of RLF). As in LTE the value of these parameters are configured by the network.

Beam failure / recovery and RLF triggering
In NR a beam failure detection procedure and beam recovery is being designed. In order to schedule a UE, the network needs to know which DL beam to transmit PDCCH. Hence, the network needs to track the best DL beam(s) to serve the UE. For the purpose, the UE can be configured to monitor a beam and indicate the network when the quality of that beam and/or beam(s) and/or beam pairs is not acceptable. That occurs while the UE remains connected to its serving cell and is used to avoid RLF procedure to be triggered. 
The failure and recovery procedure could be summarized as follows:
· UE monitors configured DL beam(s) / beam pair(s) and based on that UE can detect beam failure;
· Upon detecting the failure the UE can select new DL beam(s) / pairs;
· Upon selecting new beam(s) UE needs notifies the network (UL message).
· UE waits for a network response.

The details of that procedure are not settled yet by RAN1, but what needs to be discussed in RAN2 from an RLF perspective are at least the following questions:
· Question 1) Will beam failure be considered to trigger the RLF timer?
· Question 2) Will beam recovery be considered to stop the RLF timer?

Concerning the first question, beam failure will lead to the generation of OOS events, which are already visible to higher layers for RLM. Following LTE baseline, when the number of OOS events increases to a configurable value the RLF timer will started. Similarly, for the second question, beam recovery will lead to the generation of IS events, which are already visible to higher layers. Following again the LTE baseline, when the number of IS events increases to a configurable value, the RLF timer will be stopped.
Beam failure will generate OSS events, which are visible to higher layers and already used to trigger RLF timer.
Beam recovery will generate IS events, which are visible to higher layers and already used to stop the RLF timer.
Hence, based on these assumption, it seems already visible to the higher layers when beam failure occurs and when beam recovery occurs, due to the effect the procedures have in the generation of OOS and IS events. 
1. Beam failure is not explicitly used to trigger RLF timer.
1. Beam recovery is not explicitly used to stop RLF timer.
1. Send an LS to RAN1 informing RAN2 assumptions on RLF and beam failure / recovery.

Remaining stage-2 issues
In LTE, the RLF modelling comprises two phases. The first phase occurs before the RLF timer is triggered in LTE and the second phase starts after. Among the open issues is the existing of a second phase, after the RLF timer expires. In LTE, a second timer is triggered and UE-based mobility / cell reselection is allowed, before Re-establishment is triggered. 
In our view that should also be part of the RLF model in NR although the detailed UE actions should be left for stage-3 discussions.
1. When the RLF timer expires, the “Second phase” timer starts and the UE is allowed to perform UE-based mobility (i.e. cell reselection).
In LTE, when the RLF timer expires , RRC connection re-establishment procedure is triggered, where the UE first performs cell reselection. If the new selected cell is still an LTE cell, UE initiates random access procedure on that cell, and then sends RRCConnectionReestablishmentRequest message towards the network. If the new selected cell is an inter-RAT cell, then UE should perform the actions upon leaving RRC_CONNECTED. 

An additional aspect to be taken into account in NR is the possibility that the upon RLF the UE re-selects to an LTE cell. If the new selected cell is an LTE cell which connects to Next Generation Core, we think it is not necessary for UE to leave RRC_CONNECTED state and do cell selection from scratch. UE should continue with RRC re-establishment procedure as well instead of leaving RRC_CONNECTED even though this new selected cell is an inter-RAT cell. This is reasonable as UE can build up its context in LTE cell from old NR cell as the two cells are using same core network. If the new selected cell is a LTE cell which connects to legacy EPC or other inter-RAT cell, then UE should perform actions upon leaving RRC_CONNECTED.  
[bookmark: _Toc473127706][bookmark: _Toc473209859][bookmark: _Toc473904844]When UE encounter RLF in NR and reselect to an NR cell or an LTE cell which connects to NextGenCore, RRC connection re-establishment procedure is applied. Otherwise, UE perform actions upon leaving RRC_CONNECTED.
Conclusion
In section 2 we made the following observations:
1.  Beam failure will generate OSS events, which are visible to higher layers and already used to trigger RLF timer.
Beam recovery will generate IS events, which are visible to higher layers and already used to stop the RLF timer.

[bookmark: _In-sequence_SDU_delivery]Based on the discussion in section 2 we propose the following:
1. As in LTE, a number of consecutive OOS indications will start the RLF timer, and another number of consecutive IS indications will stop the RLF timer (“First Phase” of RLF). As in LTE the value of these parameters are configured by the network.
1. Beam failure is not explicitly used to trigger RLF timer.
1. Beam recovery is not explicitly used to stop RLF timer.
1. Send an LS to RAN1 informing RAN2 assumptions on RLF and beam failure / recovery.
1. When the RLF timer expires, the “Second phase” timer starts and the UE is allowed to perform UE-based mobility (i.e. cell reselection).
1. [bookmark: _GoBack]When UE encounter RLF in NR and reselect to an NR cell or an LTE cell which connects to NextGenCore, RRC connection re-establishment procedure is applied. Otherwise, UE perform actions upon leaving RRC_CONNECTED.
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