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1	Introduction
Radio Link Monitoring (RLM) and Radio Link Failure (RLF) detection have been identified to be extremely important mechanisms when discussing the support of new New Radio (NR) features. The general guidelines for RLM and RLF detection have been discussed for NR in [1]. In this contribution, we focus on the RLF detection mechanism in multi-connectivity where the UE can receive/transmit data and control planes from/to multiple transmission points. 
First, we review the RLF detection mechanism used for dual-connectivity in LTE where the control plane is received from one transmission point. Then, we describe the issues associated with this RLF detection mechanism when applied to NR multi-connectivity and the enhancements that can be considered.
2	RLF Detection in LTE Dual Connectivity
In dual connectivity, a UE is configured with two cells groups: A Master Cell Group (MCG) associated with Master eNodeB (MeNB) and a Secondary Cell Group (SCG) associated with Secondary eNodeB (SeNB). As the control plane is provided only by the Primary Cell (PCell) of MeNB, an RLF is detected by the UE only if physical layer problems on PCell occur.  However, an RLF detected by the UE for the Primary Secondary Cell (PSCell) of SeNB, denoted by secondary RLF (S-RLF), does not cause the UE to re-establish the connection other than reporting this S-RLF to the MeNB, i.e., this is just an additional information reported to the network which does not trigger any intermediate UE action as the regular RLF. Upon receiving the S-RLF notification from the UE, it is up to MeNB implementation to decide how to react to the S-RLF, i.e., release the SeNB.   
For RLM, timer T310 is configured for PCell of MeNB and another timer T313 is used for PSCell of SeNB. The detection of RLF for MeNB should be highly reliable to avoid frequent false detections of RLF and in turn unnecessary triggering of the costly connection re-establishment procedure in terms of service interruption, and uplink and downlink radio signalling. If the connection re-establishment fails, the UE may have to go back to idle mode and perform cell selection. Accordingly, the timer T310 cannot be configured to a small value. 

Observation 1: As the control plane is received solely from the MeNB in LTE dual connectivity, the RLM timer T310 of MeNB is configured to a conservative value to avoid frequent false RLF detections, and consequently, unnecessary triggering of connection re-establishment.

On the other hand, the costs associated with a false S-RLF detection are not as critical as in RLF case since it does not lead to connection re-establishment. A false S-RLF detection leads to an earlier removal of an SeNB having a weak radio link, which can cause some throughput loss, and to a much smaller signalling overhead and UE interruption compared to RLF:
1. Signalling overhead: The UE has to report only the S-RLF to MeNB and does not need to initiate the steps of connection re-establishment.
2. UE interruption: Data pending at the SeNB can be re-transmitted to the UE by the MeNB after some short time when the S-RLF is reported, i.e., UE interruption caused by missing packets is small. In case of RLF, the UE can receive data again only after completing the connection re-establishment procedure.

Consequently, the timer T313 can be configured to a shorter value than T310.

Observation 2: The timer T313 can be configured to a shorter value than T310 since a false detection of S-RLF leads to much less signalling overhead and UE interruption compared to RLF.

A shorter value for T313 timer has the obvious benefit that the UE will spend less time with poor radio conditions on the SeNB. Consequently, data pending in the SeNB can be retransmitted quickly by the MeNB when S-RLF is reported. (re-ordering of the packets will also delay subsequent data).

Observation 3: A shorter value for T313 timer has the benefit that the UE will spend less time with poor radio conditions on the SeNB, and consequently, the data pending in the SeNB can be re-transmitted quickly by the MeNB when S-RLF is reported.

3	RLF Detection in NR Multi-Connectivity
In contrast to LTE dual-connectivity, the SRB can be provided in NR by Master gNB (MgNB) and Secondary gNB (SgNB) when the UE is configured with multi-connectivity. To benefit from this multi-connectivity feature, an RLF in MgNB shall not lead to RRC connection re-establishment when SRB can be still received via SgNB. As such, RRC connection re-establishment shall be initiated by the UE only when the MgNB and SgNB are not received properly.
Proposal 1: A UE shall not initiate RRC connection re-establishment upon detection of RLF in MgNB when the SRB can be still received via SgNB.
If both radio links of MgNB and SgNB are weak, i.e., radio link quality below Qout, the RLM timer should be configured to a conservative value to provide the radio link with the opportunity to recover as there is no alternative operating radio link to fall back (similar to timer T310 in LTE dual connectivity). This significantly lowers the false RLF detection probability, and thereby the probability of costly RRC re-establishment/re-connection. 
Observation 4: In multi-connectivity, if both radio links of MgNB and SgNB are weak the RLM timer should be configured to a conservative value to provide the radio link with the opportunity to recover as there is no alternative operating radio link to fall back.
On the other hand, if there is an alternative operating radio link the RLM timer of MgNB/SgNB can be terminated earlier, and a S-RLF can be declared and reported quickly (instead of RLF). This is because in this case a false RLF detection is not too critical as it does not lead to a connection re-establishment (as in LTE dual connectivity) and the control plane can be still received from the other operating radio link. Consequently, the user data which are pending in the failed gNB can be quickly re-transmitted by other gNB.
Proposal 2: The RLM timer of one radio link can be terminated earlier if the quality of the other radio link providing the control plane is sufficient for reception. Consequently, S-RLF (instead of RLF) can be declared and reported earlier allowing quick re-transmission of the pending data at the failed gNB.
4	Conclusion
In this contribution, we have discussed the RLF detection procedure in NR multi-connectivity where the SRB is provided by MeNB and SeNB. The following has been observed and proposed:
Observation 1: As the control plane is received solely from the MeNB in LTE dual connectivity, the RLM timer T310 of MeNB is configured to a conservative value to avoid frequent false RLF detections, and consequently, unnecessary triggering of connection re-establishment.

Observation 2: The timer T313 can be configured to a shorter value than T310 since a false detection of S-RLF leads to much less signalling overhead and UE interruption compared to RLF.

Observation 3: A shorter value for T313 timer has the benefit that the UE will spend less time with poor radio conditions on the SeNB, and consequently, the data pending in the SeNB can be re-transmitted quickly by the MeNB when S-RLF is reported.

Proposal 1: A UE shall not initiate RRC connection re-establishment upon detection of RLF in MgNB when the SRB can be still received via SgNB.
Observation 4: In multi-connectivity, if both radio links of MgNB and SgNB are weak the RLM timer should be configured to a conservative value to provide the radio link with the opportunity to recover as there is no alternative operating radio link to fall back.
Proposal 2: The RLM timer of one radio link can be terminated earlier if the quality of the other radio link providing the control plane is sufficient for reception. Consequently, S-RLF (instead of RLF) can be declared and reported earlier allowing quick re-transmission of the pending data at the failed gNB.
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