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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.

 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 detection 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 RRC recovery.

For single carrier and CA, re-establishment is triggered when PCell experiences RLF. The UE does not monitor the RLF of SCells, which are monitored by the eNB.
For DC, the first 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 General RLF detection framework
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.For some time-delay-sensitive services, e.g. URLLC, further optimization can be considered, e.g. immediately report the possible RLF to the network after first phase (RLF detection phase) in order to minimize the interruption time caused by RLF.
Proposal 2: Further optimization can be considered for time-delay-sensitive services in order to minimize the interruption time which caused by RLF, e.g. 0ms of T310.
2.2.2 Cell Level RLF
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 are at least an available serving beam that can be used for data transmission, the cell should be regarded as available cell. When all serving beams are degraded, beam failure will be firstly declared. Meanwhile mechanism to recover from beam failure rather than RRC re-establishment should be triggered when beam failure occurs. When beam recovery procedure is initiated, the UE may needs to perform beam selection in order to identify new candidate beam(s) to replace the degraded serving beam(s).
· If new candidate beam is identified and can be used to replace the degraded serving beam(s) during beam recovery procedures. In that case RLF should not be declared when the UE is attempting to recovery from beam failure. However when beam recovery cannot recover from beam failure via all UL beam, RLF can be declared in order to timely initiate the RRC re-establishment procedure. 

· If new candidate beam are not identified during a fixed duration, e.g. Tbeam, RLF can be declared in order to timely initiate the RRC re-establishment procedure. 

Therefore we propose
Proposal 3: For multiple beams operation, RLF detection mechanism is independent from beam failure detection mechanism.
Proposal 4: For multiple beams operation, RLF can be declared when beam recovery is failed and has tried via all UL beam(s) of serving cell concerning RLF monitoring.
Proposal 5: For multiple beams operation, RLF can be declared when all serving beams are failed and new candidate beam are not identified during a fixed duration, e.g. Tbeam.
With the high frequency and beam mechanism, the UE may suddenly lose the link since the radio conditions can change suddenly, e.g. due to obstruction block. For cell RLF, if the UE only monitors the RLF in PCell, the RRC re-establishment could be triggered frequently. The RLF scheme needs to be optimized to be more stable. In NR, considering the radio signal instability of high frequency, it is likely that there are multiple serving cell configured to the UE. Also, the mechanism of RRC diversity or split SRB was presented in latest meetings. If so, multiple serving cells can be used to transmit RRC signalling. In this case, when one serving cell experiences RLF, other serving cell may be available and be able to transmit signalling and data, e.g. PSCell. The re-establishment procedure can be avoided and the RLF report and other signalling can be communicated between the UE and the network via the available serving cell configured for the UE’s RRC message transmission. This will greatly improve the user experience. Therefore, the UE should monitor at least the serving cells which are configured for the UE’s RRC message transmission and can be work as PSCell or PCell. The UE initiates RRC re-establishment procedure only if the UE detects RLF from all serving cells which are configured for the UE’s RRC message transmission.
Proposal 6: The UE should perform RLF monitoring at least on the serving cells which are configured to send the UE’s RRC message and can work as PSCell or PCell. 

In LTE, maximum ARQ retransmission is only criteria for RLC failure. We believe this is also needed for NR. Hence we propose
Proposal 7: maximum ARQ retransmission is only criteria for RLC failure.
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: Further optimization can be considered for time-delay-sensitive services in order to minimize the interruption time which caused by RLF.
Proposal 3: For multiple beams operation, RLF detection mechanism is independent from beam failure detection mechanism.
Proposal 4: For multiple beams operation, RLF can be declared when beam recovery is failed and has tried via all UL beam(s) of serving cell concerning RLF monitoring.
Proposal 5: For multiple beams operation, RLF can be declared when all serving beams are failed and new candidate beam are not identified during a fixed duration, e.g. Tbeam.
Proposal 6: The UE should perform RLF monitoring at least on the serving cells which are configured to send the UE’s RRC message and can work as PSCell or PCell. 

Proposal 7: maximum ARQ retransmission is only criteria for RLC failure.
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