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1 Introduction

The design of radio link failure for NR operating in high frequencies will depend on how beam management is performed in L1.  During the NR SI, RAN1 has made a number of agreements on beam management and beam recovery:
In RAN1#88 [1]: 

	· Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs

· Note: here the beam pair link is used for convenience, and may or may not be used in specification

· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH

· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 

· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH

· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH

· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded

· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE

· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH

· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 

· Note: the criterion for declaring radio link failure is for RAN2 to decide.

· FFS: The necessity of such indication

· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols




In this contribution, we discuss possible design of RLF and recovery procedures for NR.
2 Radio Link Failure and Recovery
2.1 Radio Link Failure and Recovery in LTE
In LTE, radio link failure can be triggered based on any of the following conditions:

· Physical layer problems: Following N310 consecutive out-of-sync indications from the PHY layer and subsequent expiry of T310/T312

· RACH failure: following a maximum number of preamble transmissions without RAR

· RLC failure: when the maximum number of RLC retransmissions has been reached

Each of the conditions for triggering RLF consists of attempts by different layers (PHY, MAC, and RLC) in the UE to recover from the error before RLF procedure is initiated.

Following RLF, L3 initiates a recovery procedure whereby the UE performs re-establishment on the best cell determined from a cell reselection procedure.  Re-establishment avoids having to initiate a new RRC connection, and is possible when the UE has an active security context that can be obtained by the new cell.
Observation 1:
 In LTE, L3 recovery is initiated once L1 or L2 recovery mechanisms have failed. 
2.2 Radio Link Failure in NR
In our companion contribution [2] it is proposed that radio link monitoring is performed on serving cells of different Cell Groups and potentially for different control channels.  Layer 3 receives in-sync/out-of-sync indications per configured monitored radio link (RLM) and can therefore use this information to declare a RLF on the monitored radio link.  

More specifically, RLF should be triggered if out-of-synch conditions on a monitored radio link persist for a configured period of time T.   This would give the physical layer enough time to recover and not trigger a RLF unnecessarily.

Proposal 1 RLF is triggered if out-of-synch conditions on a monitored radio link persist for a configured period of time T

Failure to perform RACH may result in inability to connect to the cell at initial access, handover, loss of timing alignment etc.  This means that a mechanism to detect and recover from RACH failures should be specified for NR.  
Similarly, a RLC failure should also be monitored in the RLC and indicated to layer 3.  Given that in NR we have direct SRBs a RLC failure should also be monitored and reported for SCG SRB.  
Proposal 2 RLF is triggered in case of random access problem indication from MAC (i.e. maximum number of transmission attempts) in both MCG and SCG
Proposal 3 RLF is triggered if maximum number of retransmissions has been reached for at least SRB  and DRBs in both MCG and SCG
Problems in the PHY layer may be determined from quality measurements of PDCCH, as is the case in LTE RLM.  Our companion contribution discusses RLM for NR in more detail [2].  In NR multi-beam operation, PHY layer problems may be due to blocking and/or misalignment in beams.  
RAN1 has defined a procedure to detect a beam failure (e.g. when beam pair link(s) of a UE’s control channel fall below a threshold)[3].  Beam failure will trigger a beam recovery procedure which involves the transmission of a beam recovery signal to the gNB, and subsequent DL monitoring by the UE for identification of new beams.  
If no new beams are detected (e.g. beam recovery fails) the UE is considered to have lost the connection to that control channel and potentially that cell (i.e. if no other control channels are being monitored).  The UE should have a maximum amount of time to try to recover the beam prior to declaring a “beam recovery failure” and trying a higher layer recovery (e.g. either RRC re-establishment or notification of failure to gNB if another link is available).

Observation 2 : Beam recovery should be attempted for a configurable maximum amount of time

There are two ways to model the beam recovery mechanisms:
1. Layer 1 attempts beam recovery for a configured amount of time T and notifies RRC when the beam recovery failure occurs 

2. Layer 1 notifies RRC when a beam failure has occurred and a timer T is started.  The timer is stopped if beam recovery is successful.  If the timer expires the UE declares RLF and takes the appropriate recovery actions.

The latter is in line with existing RLF and RLM procedures, in which layer 1 reports problems and layer 3 maintains the timers required before a recovery mechanism is initiated.  

Proposal 4 L1 indicates to RRC control channel beam failures and successful beam recovery 

If after some time, the beam failure condition has not been addressed by beam recovery at lower layers (no indication of successful beam recovery) the UE should declare RLF.  The details of beam recovery in RAN1, including duration and exact UE procedure, have yet to be agreed.  However, it is expected that such process will depend on a number of parameters which determine how quickly a UE can transmit the beam failure signal and identify new beams (e.g. UE antenna capabilities, frequency of PRACH resources for UL transmissions, etc.).  The network may also want to control how quickly RLF is triggered following a beam failure, depending on the type of service(s) in the UE.  For this reason, RLF should be triggered after some configurable time in which beam failure occurs.  The configuration could then be UE specific.   
Proposal 5 RLF is triggered if beam failure condition persists for a configured period of time T (e.g. no beam recovery success indication has been received)  
2.3 Recovery Procedures for NR
For single connectivity, if a RLF is declared the UE initiates a re-establishment procedure. In LTE dual connectivity, the recovery procedure depends on which cell group triggers RLF.  For RLF on MCG, a re-establishment is started as in the case of single connectivity.  For RLF on SCG, the UE suspends all SCG DRBs, and transmissions on split DRBs, and reports failure to the UE using SCGFailureInformation while maintaining its connection to the MCG.  

When considering the recovery mechanisms for NR a number of different aspects have to be considered that are different from LTE:

· SRB can be transmitted over both MCG and SCG 
· SRB diversity: packets are duplicated and transmitted over both links – even if one link fails if SRB diversity is enabled the UE can still transmit and communicate to the network via the other SRB.  
· DRB data duplication has been agreed 

· Multiple control channels may be configured  even within a single Cell Group – a RLF may be detected in one of the control channel resource set, however, the UE may still have a radio link in which it can transmit SRB (i.e. another control channel that can schedule SRBs)  
The cost associated to a re-establishment is quite high, therefore, when considering the cases in which a RLF triggers a re-establishment we should carefully consider all the different scenarios and ensure that re-establishment is only triggered when necessary.  
As a start, a UE should at least trigger a RRC re-establishment if it has no radio links in which SRBs can be transmitted.  

Proposal 6 A RRC re-establishment is at least triggered if a radio link failure is detected in all links that allow the UE to transmit a SRB
In cases where there is at least one radio link over which a SRB can be scheduled/transmitted to the network, the UE should trigger a RRC message indicating the reason of the failure and the radio link in which the failure was detected (e.g. similar to SCG RLF). As a result of such indication the network can take the appropriate steps and re-configure the UE.  
Proposal 7 A Radio Link Failure message (i.e. no RRC re-establishment) is triggered if RLF is detected on a monitored radio link while another radio link is available for scheduling/transmission of SRBs to the master node.
Proposal 8 A RL failure message includes the reason for failure and the monitored radio link that triggered the failure.  

3 Conclusion

In this contribution the following observations and proposal were made: 
Observation 1:
 In LTE, L3 recovery is initiated once L1 or L2 recovery mechanisms have failed. 

Observation 2 :
 Beam recovery should be attempted for a configurable maximum amount of time

Proposal 9 RLF is triggered if out-of-synch conditions on a monitored radio link persist for a configured period of time T

Proposal 10 RLF is triggered in case of random access problem indication from MAC (i.e. maximum number of transmission attempts) in both MCG and SCG

Proposal 11 RLF is triggered if maximum number of retransmissions has been reached for at least SRB  and DRBs in both MCG and SCG

Proposal 12 Beam management function in L1 indicates to RRC control channel beam failures and successful beam recovery 

Proposal 13 RLF is triggered if beam failure condition persists for a configured period of time T (e.g. no beam recovery success indication has been received)  

Proposal 14 A RRC re-establishment is at least triggered if a radio link failure is detected in all links that allow the UE to transmit a SRB

Proposal 15 A Radio Link Failure message (i.e. no RRC re-establishment) is triggered if RLF is dected on a monitored radio link while another radio link is available for scheduling/transmission of SRBs to the master node.

Proposal 16 A RL failure message includes the reason for failure and the monitored radio link that triggered the failure.  
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