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1 Introduction
According to the 5G requirement specification [1], NR shall supports connectivity through multiple transmission points:

-
The RAN architecture shall support connectivity through multiple transmission points, either collocated or non-collocated.
The multiple transmission points will support potential use of frequency range up to 100 GHz. One issue is how to monitor the RLF for the multiple transmission points in NR. RAN2 has discussed some RLF issue and agreed

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.
RAN2#98 Agreements

=>
As in LTE, RLC AM should support only lossless AM operation

=>
As a baseline, RLF is triggered based on RLC max number of retransmission reached for single leg.

Furthermore RAN2 agreed
Agreements

1
UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.

FFS whether the initial state of the UL PDCP duplication (duplication active or not active and if not active which leg is used) is a default or whether the initial state can be signalled by RRC

2
RAN2 will attempt to define at least one mechanism to start/stop PDCP duplication more quickly and with less signalling overhead compared to RRC reconfiguration.

In this paper we will further discuss the RLF related schemes for general NR.
2 Discussion
2.1 RLF in LTE
In LTE, the RLF mechanism is shown in Figure 1, which is extracted from [1]:
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Fig.1 Radio Link Failure in LTE

There are two phases. The first phase is RLF detection and the second phase is recovery.

For single carrier and CA, re-establishment is triggered when PCell experiences RLF. The UE does not monitor the RL of SCells, which are monitored by the eNB.
For DC, the detection phase of the radio link failure procedure is supported for PCell and PSCell. Re-establishment is triggered when PCell experiences RLF. However, upon detecting RLF on the PSCell, the re-establishment procedure is not triggered at the end of the first phase. Instead, the UE informs the radio link failure of PSCell to the MeNB.

2.2 RLF consideration for NR
2.2.1 RLF related timers
As described in clause 2.1, in LTE the first phase is the RLF detection. There are multiple RLF trigger conditions, e.g. 

· upon receiving N310 consecutive "out-of-sync" indications from lower layers and not recovery;

· upon indication from RLC that the maximum number of retransmissions has been reached;

· upon random access problem indication from MAC;
Here we intend to only discuss RAN2 related issues, not related to RAN1, e.g. not discuss how to detect "out-of-sync" and "in-sync" by physical layer which should be the responsibility of RAN1. From the RAN2 perspective, the detection mechanism in LTE is quite mature and can be used as the baseline for further discussion for NR.

Proposal 1: From the perspective of RAN2, the RLF detection framework in LTE can be used as the baseline for NR.
Table -1 below describes how mobility is handled with respect to radio link failure in LTE:

Table 1: Mobility and Radio Link Failure in LTE

	Cases
	First Phase
	T312 expired
	Second Phase
	T311 expired

	UE returns to the same cell
	Continue as if no radio problems occurred
	Go via re-establishment procedure
	Activity is resumed by means of explicit signalling between UE and BS
	Go via RRC_IDLE

	UE selects a different cell from the same BS
	N/A
	Go via re-establishment procedure
	Activity is resumed by means of explicit signalling between UE and BS
	Go via RRC_IDLE

	UE selects a cell of a prepared BS (NOTE)
	N/A
	Go via re-establishment procedure
	Activity is resumed by means of explicit signalling between UE and BS
	Go via RRC_IDLE

	UE selects a cell of a different BS that is not prepared (NOTE)
	N/A
	Go via RRC_IDLE
	Go via RRC_IDLE
	Go via RRC_IDLE

	NOTE:
a prepared eNB is an eNB which has admitted the UE during an earlier executed HO preparation phase, or obtains the UE context during the Second Phase.


Table -2 below describes how RLF timers works as defined in LTE with respect to radio link failure:
	Timer
	Start
	Stop
	At expiry

	T310
	Upon detecting physical layer problems for the PCell i.e. upon receiving N310 consecutive out-of-sync indications from lower layers
	Upon receiving N311 consecutive in-sync indications from lower layers for the PCell, upon triggering the handover procedure and upon initiating the connection re-establishment procedure
	If security is not activated: go to RRC_IDLE else: initiate the connection re-establishment procedure 

	T311
	Upon initiating the RRC connection re-establishment procedure
	Selection of a suitable E-UTRA cell or a cell using another RAT.
	Enter RRC_IDLE

	T312
	Upon triggering a measurement report for a measurement identity for which T312 has been configured, while T310 is running
	Upon receiving N311 consecutive in-sync indications from lower layers, upon triggering the handover procedure, upon initiating the connection re-establishment procedure, and upon the expiry of T310
	If security is not activated: go to RRC_IDLE else: initiate the connection re-establishment procedure


Table 1 Description of RLF related timers at TS36.331 for LTE

The LTE RLF mechanism is stable and works for quite a long time. In NR, the timer based radio link failure mechanism (see the table 1 and table 2) as used in LTE can be reused. 

Proposal 2: Support T310/T311 based RLF recovery procedure as defined for LTE.
For some time-delay-sensitive services, e.g. URLLC, further optimization can be considered, e.g. immediately report the RLF to the network after first phase (RLF detection phase) in order to minimize the interruption time caused by RLF.

Proposal 3: 0ms of T310 can be considered for time-delay-sensitive services in order to minimize the interruption time which caused by RLF.
In LTE Rel-12 Hetnet mobility enhancement work item, the third timer (i.e.T312) is introduced. It starts if T310 is running and a measurement report is triggered for a measurement identity with T312 configured. If the UE performs a handover, re-establishment procedure, or T310 is stopped, T312 is stopped too. The expiry of T312 triggers RLF and corresponding procedures. T312 works during the First phase together with T310. T312 basically provide the means for the UE to do fast RLF recovery, which is essential to improve the mobility robustness in Hetnet environments. Considering the high frequency deployment of NR, the Hetnet scenario also exists and more mobility issues needs to be considered from the perspective of mobility robustness. T312 based approach can be a start point to support the mobility robustness for NR Hetnet deployment scenario. The additional improvement can be studied alter on.  
Proposal 4: Support T312 based RRC re-establishment procedure a start point to support the mobility robustness for NR Hetnet deployment scenario as LTE.

2.2.2 RLF with multi-beam operation

There is large frequency spectrum resource in high frequency. One of the NR requirements is that NR should support potential use of frequency range up to 100 GHz. When NR is working on high frequency, the beam-forming mechanism is used. Different from LTE, there may be multiple serving beams maintained by the UE for one cell. If one serving beam is blocked temporarily, e.g. by the obstruction, other serving beams in the same cell can be used instead. As long as there is at least one available serving beam, the cell should be regarded as available cell. RLF/RLM is cell level mechanism. Therefore the UE should monitor the quality of all beams including current serving beams for data/control channel, candidate beams that are not selected as the serving beams, and new beams within the monitored serving cell. Beam failure detection should monitor only the serving beam(s), e.g. beam of an associated control channel agreed in RAN1. When all serving beams are degraded, beam failure will be declared and the mechanism to recover from beam failure should be triggered. It is not necessary to declarr RLF and RRC re-establishment procedure is triggered since there may be some good candidate beam(s).
Observation: Beam failure recovery may be triggered without declaring RLF.

When beam failure recovery procedure is initiated, the UE may need to perform beam selection in order to identify new candidate beam(s) to replace the degraded serving beam(s). If new candidate beam were identified and can be used to replace the degraded serving beam(s) during beam recovery procedures, RLF should not be declared while the UE is attempting to recovery from beam failure. However when beam failure recovery cannot recover from beam failure via all UL beams, RLF can be declared in order to timely initiate the RRC re-establishment procedure. Therefore we propose
Proposal 5: For multiple beams operation, there is a RLF detection mechanism running separately from the beam failure detection mechanism but there may be some interactions between the two mechanisms.
Proposal 6: For multi-beam operation, after beam recovery via all UL beam(s) of serving cell has failed, RLF is declared.
2.2.3 RLF with CA and DC

With the high frequency and beam mechanism, the UE may suddenly lose the link(s) since the radio conditions can change suddenly, e.g. due to obstruction block. If the UE always initiates RRC connection re-establishment in case of RLF on the PCell, the RRC re-establishment could be triggered frequently. The RLF scheme should be improve to be more stable. In NR, in order to deal with the radio signal instability in high frequency, the UE could be configured with multiple serving cells.
· CA case
In CA, both PCell and SCell can be used to transmit RRC signalling. In this case, when one serving cell experiences RLF, the other serving cell may be available and be able to transmit signalling and data. In order to send UL data, the UE should be able to request UL resource via SR resource in PUCCH. If the UE performs RL monitoring on SCells configured with PUCCH and SR resources, when RLF occurs on the PCell, the UE may avoid initiating re-establishment when there are SCells configured with PUCCH and SR resources on which RLF was not detected. This will greatly improve the user experience. If The UE initiates RRC re-establishment procedure only if the UE has detected RLF on all Scells which are configured with PUCCH and SR resources.
Proposal 7: If RLF is detected on the PCell and there is at least one activated Scell configured with PUCCH and SR resources on which RLF was not detected, the UE can initiate the transmission of a RLF report rather than RRC reestablishment. 

In that case the UE needs to make sure whether the quality of serving cell is good for PUCCH transmission. If the quality of all serving cell configured with PUCCH is bad, the RRC-reestablishment should be initiated. Therefore RLM should be performed for all serving cells which are configured to send UE’s RRC message and configured with PUCCH resource.
Proposal 8: The UE performs RL monitoring on activated Scells which are configured with PUCCH and SR resources. 
Proposal 8bis: When one of the monitored cells is considered in RLF, the UE reports the failure of the cell via RRC signalling. Only when all the monitored cells considered in RLF, the reestablishment procedure is initiated.
· NR-NR DC case
In LTE, the UE will initiate the SCG failure information procedure when the UE detects RLF for SCG. Upon initiating the SCG failure information procedure, the UE shall:

1>
suspend all SCG DRBs and suspend SCG transmission for split DRBs;

1>
reset SCG-MAC;

1>
stop T307;

1>
initiate transmission of the SCGFailureInformation message in accordance with 5.6.13.3;
Also, the mechanisms of duplicated SRB or split SRB are supported in NR-NR DC. If the UE detects RLF from all monitored cells within one Node, the UE can send the corresponding RLF report via the other Node to avoid reestablishment. Specifically the UE can send the MN RLF report via SN and send the SN RLF report via MN. When RLF occurs for a Node in NR-NR DC case only, e.g. MN or SN, the UE shall at least stop any transmission on this Node and: 

· suspend all DRBs for this Node;

· suspend the transmission for split DRBs for this Node;

· suspend the transmission for split SRB for this Node;
· suspend the transmission for duplicated SRB for this Node;

· reset the MAC for this Node;

· Initiate the transmission of RLF report for this Node via the other Node. 

However if both MN RLF and SN RLF occurs, the UE shall initiate the reestablishment procedure.
Proposal 9: For NR-NR DC case, if SRBs are configured with a path via both nodes (duplication or split SRB) and RLF occurs in all monitored cells within a Node, the UE shall at least
· suspend all DRBs for this Node;

· suspend the transmission for split DRBs for this Node;

· suspend the transmission for duplication SRB for this Node;

· reset the MAC for this Node;

· Initiate the transmission of RLF report for this Node via the other Node. 

Proposal 9bis: For NR-NR DC case, the reestablishment procedure is only initiated when both MN RLF and SN RLF occur. 

2.2.4 RLC failure for duplication

In RAN2#98, it was agreed that as a baseline, RLF is triggered by RLC when max number of retransmission is reached in single leg. When packet duplication is configured and activated for one bearer, two legs will be used for data transmission. It is reasonable that RLF is triggered when either of the two legs reaches RLC max number of retransmission.

Proposal 10: In packet duplication scenario, RLF is triggered when RLC max number of retransmission is reached for either leg.
However, in this case, the probability of RLF is unnecessarily increased. As reconfiguration greatly impacts user experience, it is better not to initiate reconfiguration when RLF failure is detected on either leg or both legs. Instead, UE should first try to send an RLF report as we proposed for CA case.  
In last meeting, it was agreed that the two legs of duplication should be associated with different carriers. If the failed RLC is linked to a cell group with PCell in, UE can send the RLF report on an activated SCell configured with PUCCH and SR resources. If the failed RLC is linked to a cell group without PCell in, UE can send the RLF report on the PCell. This will avoid unnecessary reconfigurations due to RLF.

Proposal 11: In packet duplication scenario, UE sends an RLF report if the PCell or at least one activated SCell configured with PUCCH and SR resources is available when one leg or both legs detects RLF instead of initiating the reestablishment. 
3 Conclusion

This contribution discusses the RLF for NR from the perspective of RAN2 and suggests:

Proposal 1: From the perspective of RAN2, the RLF detection framework in LTE can be used as the baseline for NR.

Proposal 2: Support T310/T311 based RLF recovery procedure as defined for LTE.
Proposal 3: 0ms of T310 can be considered for time-delay-sensitive services in order to minimize the interruption time which caused by RLF.

Proposal 4: Support T312 based RRC re-establishment procedure a start point to support the mobility robustness for NR Hetnet deployment scenario.
Proposal 5: For multiple beams operation, RLF detection mechanism is separated from beam failure detection mechanism but may interact with beam failure recovery mechanism.

Proposal 6: For multi-beam operation, after beam recovery via all UL beam(s) of serving cell has failed, RLF is declared.
Proposal 7: If RLF is detected on the PCell and there is at least one activated Scell configured with PUCCH and SR resources on which RLF was not detected, the UE can initiate the transmission of a RLF report rather than RRC reestablishment. 

Proposal 8: The UE performs RL monitoring on activated Scells which are configured with PUCCH and SR resources.
Proposal 8bis: When one of the monitored cells is considered in RLF, the UE reports the failure of the cell via RRC signalling. Only when all the monitored cells considered in RLF, the reestablishment procedure is initiated.

Proposal 9: For NR-NR DC case, if SRB duplication is configured and activated or split SRB is configured and RLF occurs in all monitored cells within a Node, the UE shall at least

· suspend all DRBs for this Node;

· suspend the transmission for split DRBs for this Node;

· suspend the transmission for duplication SRB for this Node;

· reset the MAC for this Node;

· Initiate the transmission of RLF report for this Node via the other Node. 

Proposal 9bis: For NR-NR DC case, the reestablishment procedure is only initiated when both MN RLF and SN RLF occur. 

Proposal 10: In packet duplication scenario, RLF is triggered when RLC max number of retransmission is reached for either leg.
Proposal 11: In packet duplication scenario, UE sends an RLF report if the PCell or at least one activated SCell configured with PUCCH and SR resources is available when one leg or both legs detects RLF instead of initiating the reestablishment.
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