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1.
Introduction
For stable transmission and reception in radio interface, the UE is required to keep track of radio link condition. For this, Radio Link Monitoring (RLM) is used in LTE. As a result of RLM, the UE could declare that there is a problem in radio link. In such a case, the recovery procedure is performed to recover from the radio link failure (RLF). 

In NR, a similar procedure is required to manage the radio link stable from the UE point of view. Though there are other conditions in LTE for declaring RLF, it is mainly focused on RLM and RLF in this contribution. 
2.
Discussion 
2.1 Basic operation for RLM and RLF

In LTE, for detecting downlink radio link quality, the UE monitors the downlink link quality based on the cell specific reference signal. Then, the UE estimates the downlink radio link quality and compares the estimated value to the thresholds Qout and Qin for informing out-of-sync and in-sync to RRC layer. After detecting a number of consecutive out-of-sync indication, the timer is started to have some time for autonomous recovery before declaring RLF. During the time, unless a number of consecutive in-sync is not informed to RRC layer, the RRC layer declares RLF and RRC connection re-establishment procedure is performed.
Even in NR, we think it seems to be obvious that this sort of procedures is necessary and should be performed. WE think the existing LTE procedure could be baseline.
2.2 RLM and RLF considering beam operation

In designing RLM and RLF for NR, one aspect which should be considered is beam operation, especially in high frequencies. From the UE point of view, beams could be classified into three categories as in serving beams, candidate beams, non-servable beams. Serving beams are the ones which are used to transmit to the UE or receive from the UE. This beam might not be best from the link quality perspectives. Candidate beams are the ones which could replace the serving beam in case of problem in serving beam. The channel qualities of these beams should be better than a certain level. The non-servable beams is considered as ones which have low channel quality so that it could not be used to serve a specific UE.

Similar to the current RLM behavior, it is necessary for the UE to estimate the downlink radio link quality of the beam(s) and compare with a certain given threshold to be aware of the beam(s) of the current cell being usable. After comparing, out-of-sync indication from physical layer could be informed to the upper layer. Considering there are above types of beams in the current serving cell, it is necessary to define the cases in which out-of-sync is informed from physical layer to RRC layer. Basically, there could be two options.
· Option 1: Out-of-sync is detected in all serving beams. 
· If at least one serving beam is usable, the UE still could receive the data so that it seems desirable not to inform out-of-sync to upper layer.

· Option 2: Out-of-sync is detected in all beams including candidate and non-servable beams
For analyzing two options, it seems necessary to understand what would happen after out-of-sync detection in serving beams in physical layer. Though the detailed RRC connection re-establishment procedure is not defined, it is expected that there might be some interruption in performing RRC connection re-establishment procedure. This means that the service interruption is inevitable during RRC connection re-establishment procedure. In this sense, it seems to be preferable to avoid performing RRC connection re-establishment procedure as much as possible. Hence, we think it is necessary for the UE to find another usable beam among candidate beams autonomously (i.e. UE based beam recovery procedure) regardless of the above options before declaring RLF and performing RRC connection re-establishment procedure when out-of-sync is detected in all serving beams. Since the UE based beam recovery procedure should be performed fast enough, we think the procedure should be performed in physical layer without involving another layer although RRC layer might provide the beam information. 
Proposal 1 UE based beam recovery procedure is performed in layer 1 before declaring RLF when out-of-sync is detected in all serving beams.
If beam recovery procedure is performed before declaring RLF, we think that the consequences and UE complexities of the two options seem to be same. If the consequences and UE complexities are regarded same, the simple procedure (i.e. Out-of-sync is informed to upper layer when out-of-sync is detected in all serving beams) is preferred from our view.
Proposal 2 Out-of-sync is informed to upper layer when out-of-sync is detected in all serving beams.
If beam recovery operation is initiated during RLM, the period before the UE declares RLF should consider the time taken for beam recovery. During the time, if beam recovery procedure results in new serving beam being selected successfully, in-sync would be informed to the upper layer of the UE so that the UE would not declare RLF. Otherwise, it is preferable for the UE to declare RLF after expiry of the timer in order to perform other layer’s recovery procedure (i.e. RRC connection re-establishment). Hence, RRC layer point of view, the existing procedure could be reused even in the case beam operation is considered.
Proposal 3 The existing timer/counter for declaring RLF and RRC connection re-establishment procedure is reused.
3.
Conclusion
In this contribution, it is addressed on RLM and RLF procedure for NR and we propose
Proposal 1 UE based beam recovery procedure is performed in layer 1 before declaring RLF when out-of-sync is detected in all serving beams.
Proposal 2 Out-of-sync is informed to upper layer when out-of-sync is detected in all serving beams.

Proposal 3 The existing timer/counter for declaring RLF and RRC connection re-establishment procedure is reused.
Reference
1
2

