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1 Introduction

In 3GPP TR 38.802, RAN1 specified the following paragraph to support UE initiated beam recovery procedure. 
Accordingly, in the previous RAN1#88bis and RAN2#97bis meetings, RAN1 and RAN2 had discussed RLF along with beam recovery, and have the following agreements: 

RAN2 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.
	Agreements:

· FFS for the situation of “ no new candidate beam”, whether or not there are issues, and if so, whether or not RLF procedure can sufficiently handle the issues 


Since the RLF and beam recovery are discussed jointly, we discuss the procedures of NR RLF and beam recovery together.
2 Radio Link Failure
The RLF procedure is to determine whether there is radio link problem and to trigger RRC connection reestablishment, and state transition to IDLE mode. Since the RAN2 agreement of NR RLF is exactly the same as LTE RLF operation, we propose to use the same RLF framework and timers for NR, as shown in Figure 1. 
Proposal 1: Like LTE, NR RLF consists of: 

· T310 timer is triggered after N310 consecutive DL out-of-sync indications, 

· T310 timer is stopped if there is N311 consecutive in-sync-indications,

· RLF is declared if T310 timer is expired, 

· T311 timer is triggered if RLF is declared, 

· UE goes back to IDLE if T311 timer is expired,

· FFS value of variables N310, N311, T310, T311.
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Figure 1: RLF framework for NR (based on LTE)
3 RLF and beam recover relationship
In this section, we will study the relationship between beam recovery and RLF.
3.1 Triggering conditions of beam recovery and RLF
For multi-beam based NR system, the need of UE triggered beam recovery procedure has been studied during NR SI phase. NR UE may encounter sudden channel quality degradation as ‘beam failure’. Then, there are no more available beams and channels for communication.  In order to overcome such beam failure and recover using other candidate beam, NR UE can perform beam recovery.
The ‘beam failure’ is defined in TR 38.802 as: 

	NR supports that UE can trigger mechanism to recover from beam failure. 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).


However, beam recovery is meaningless if there is no other available beam to connect to gNB. In order for a beam failed UE to transmit any UL signal, there should be at least one available beam (this is also required for successful RACH). Therefore, in the previous RAN1#88bis meeting, RAN1 agreed details of beam recovery including detection of new candidate beam:
	R1-1706633
WF on Beam Failure Recovery
MediaTek, Ericsson, Samsung, KT Corp, InterDigital
Also supported by Nokia, ASB
Agreements:
· UE Beam failure recovery mechanism includes the following aspects
· Beam failure detection

· New candidate beam identification

· Beam failure recovery request transmission

· UE monitors gNB response for beam failure recovery request

…


In summary, NR UE will transmit beam failure recovery request not only if beam failure is detected and but also if there is new candidate beam. 
Observation 1: Beam recovery shall be performed if beam failure is detected and there is new candidate beam.

Since the beam recovery is based on ‘beam level problem detection’ and considers the existence of new candidate beam, this is not the same with the triggering condition of RLF timer which is based on ‘cell level radio link problem detection’. 

Proposal 2: The triggering conditions of NR beam recovery (i.e, beam problem detection) and NR RLF (i.e., cell problem detection) are different. 
3.2 Beam recovery without RRC involvement
NR beam management and recovery handles intra-cell beam measurement, reporting, and switching. For such beam management and recovery, there is no need of MAC/RLC reset, or cell change. If there needs cell change, it is RRC based handover and requires MAC/RLC reset. Therefore, the beam recovery is L1/L2 mobility and there is no need of additional RRC involvement. 
Proposal 3: NR beam recovery does not require any RRC involvement. 

So far, we have defined NR RLF procedure the same as LTE, and distinguished triggering condition of beam recovery and RLF. Since the triggering condition of beam recovery considers failure of dedicated control channels on limited number of beam pair links, this could happen before cell level radio link problem is detected, i.e., based on all the beam pair links on the cell. Therefore, beam recovery can be done even before radio link problem is detected. 
Also, even if cell level radio link problem is detected, there is still chance of autonomous beam restoration, as time goes by. Therefore, even after radio link problem is detected, beam recovery can be done using such restored beam. 

Hence, whether the cell level radio link problem is detected or not, beam recovery can be triggered if the triggering condition is met. Therefore, NR beam recovery procedure is independent of NR RLF procedure, as shown in Figure 3. 

Proposal 4: NR beam recovery procedure is independent to NR RLF procedure.
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Figure 3: L1/L2 based beam recovery procedure independent of L3 based RLF framework
Regarding the details of beam problem detection, beam recovery procedure, and related RAN2 aspects, we will discuss in a separate contribution [R2-1705731].
4 Conclusion

This contribution discusses the basic operation of beam switching. In order to make progress on UE triggered beam recovery mechanism in NR, we request RAN2 to discuss the following observations and proposals. 
Observation 1: Beam recovery shall be performed if beam failure is detected and there is new candidate beam.

Proposal 1: Like LTE, NR RLF consists of: 

· T310 timer is triggered after N310 consecutive DL out-of-sync indications, 

· T310 timer is stopped if there is N311 consecutive in-sync-indications,

· RLF is declared if T310 timer is expired, 

· T311 timer is triggered if RLF is declared, 

· UE goes back to IDLE if T311 timer is expired,

· FFS value of variables N310, N311, T310, T311.

Proposal 2: The triggering conditions of NR beam recovery (i.e, beam problem detection) and NR RLF (i.e., cell problem detection) are different. 
Proposal 3: NR beam recovery does not require any RRC involvement. 

Proposal 4: NR RLF and NR beam recovery procedures shall be independent procedures.
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