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1 Introduction
In RAN2#97bis meeting, the general principles of RLM/RLF in LTE were agreed to be reused in NR, with following agreements aiming for a single procedure for both multi-beam and single beam operation [1]. 
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 RAN2 NR AH#2 meeting, the impact of beam failure recovery to RLM/RLF was discussed and agreed that [2]: 
Agreements
1:	RAN2 understand that beam failure recovery (L1 or MAC) and RLF (RRC) are performed in different layers. 
In RAN1#99 meeting, following agreements were reached for the case if there are no indication from lower layer for beam recovery. 
Agreements
1	RAN2 understanding of RAN1 agreements that at least PHY informs RRC of periodic out-of-sync / in-sync indications.

2	Baseline behaviour when there are no indications from lower layers related to beam failure/recovery:
	i/ RRC detects DL radio link problem if consecutive N1 number of periodic out-of-sync indications are received.
	ii/ RRC stops the timer if consecutive N2 number of periodic in-sync indications are received while the timer runs. 
Some progress was made for RLM/RLF in RAN1 NR AH#2 meeting with following agreements:
	Agreements:
· The RS used for RLM should have following properties 
· Periodic transmission with short enough periodicity
· Wideband transmission relative to bandwidth of active bandwidth part
· Supporting both single beam and multi-beam operations
· Representing control channel quality
· Both CSI-RS based RLM and SS block based RLM are supported
· FFS: whether or not only a single type of RS is configured to UE for RLM at a time
Agreements:
· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 
· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310
· RAN2 can decide specific procedure
· Example 2: aperiodic indication(s) based on failure of beam recovery procedure
· How to use aperiodic indication can be decided in RAN2
· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used


Considering the purpose of beam recovery and radio link recovery in RLM/RLF procedure has certain similarity, the interaction between beam failure recovery and RLM/RLF should be identified. RAN2 agreed to discuss again when RAN1 have provided more information on beam recovery.
In RAN2 Qingdao AH meeting, RAN2 Chair sent LS ‘NR topics requiring coordination between RAN1 and RAN2’ [3] to RAN1. For beam management / recovery procedures, a response LS from RAN1 [4] for beam management was available. Just as stated in the LS, one indication to higher layer due to beam recovery failure is agreed from RAN1 aspect. 
	· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery
· To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)
· Detection of a gNB’s response for beam failure recovery request during a time window is supported. If there is no response detected within the window, the UE may perform re-tx of the request
· If not detected after a certain number of transmission(s), UE notifies higher layer entities


In this contribution, we further discuss the interaction between RLM/RLF and beam failure recovery based on the agreements made in RAN1. 
2 Discussion
2.1 RLM/RLF model
In LTE, RLF is governed by two phrase, i.e. RLF detection (First phrase) and RRC connection re-establishment (Second phrase). In the first phrase, RLF detection comprises two steps, detection of physical layer problems and recovery of physical layer problems [5]. 
Current RLM/RLF procedure designed in LTE is applicable for single beam operation and should be supported in NR. According to RAN1 agreement that NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF), current RLM/RLF should further take the aperiodic indication from lower layer into consideration for multiple beam operation with beam management and beam recovery. 
Observation 1: Current RLM/RLF is applicable for NR with single beam operation.  For multiple beam operation, the aperiodic indications based on beam failure recovery procedure need to be considered. 


Figure 1 RLF detection with detection of physical layer problems and recovery of physical layer problems
2.2 Physical Layer Problems Detection vs. Beam Failure Detection
RAN1 agreed that UE Beam failure recovery mechanism includes the following aspects:  beam failure detection, new candidate beam identification, beam failure recovery request transmission and UE monitoring gNB response for beam failure recovery request. 
For beam recovery procedure, it’s possible that the detection of physical layer problems is also considered as the criteria of beam failure and triggers beam failure recovery request transmission. So when beam failure is detected, T310 is started to supervise the beam recovery procedure. Beam recovery procedure can be considered as one part of RLF detection procedure. One concern of using the criterion for physical layer problems detection as beam failure is such criterion e.g. consecutive number of ‘out-of-sync’ is too slow to trigger beam recovery procedure timely, so the channel quality experienced by UE is not optimal. 
Observation 2: Using detection of physical layer problems as the criterion for beam failure has the problem that beam failure recovery procedure cannot be triggered timely. 
RAN1 agreed that UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met. 
It is expected that when beam failure occurs, ‘out-of-sync’ indication will be generated and sent to RRC until the beam failure recovery succeeds. However, ‘out-of-sync’ indication is just a result of beam failure, which is not equivalent to beam failure. There is no beam failure indication to RRC. So beam failure detection is transparent to RRC. 
Observation 3: Beam failure detection is transparent to RRC. 
Proposal 1: Indication of beam failure detection from L1/MAC to RRC is not needed. Beam fail detection doesn’t impact RRC procedure for detection of physical layer problems. 
2.3 Recovery of Physical Layer Problems vs. Beam Failure Recovery
What unclear to RAN2 is how beam recovery procedure impacts recovery of physical layer problems, since both of the procedures have the similar purpose of discovering the situation when there are PHY problems and the network can’t reach UE over the beam pair or a radio link.
Based on RAN1 agreements on beam recovery procedure, certain condition e.g. when beam failure is detected and candidate beam is identified is used as the triggering condition for beam failure recovery request transmission. Both non-contention based PRACH and PUCCH can be used to transmit the request. Certain number of beam failure recovery request transmissions is controlled by a number of transmissions, or  based on a timer or combination of above configured by network. UE needs to detect a gNB’s response for beam failure recovery request during a time window. If there is no response detected within the window, the UE may perform retransmission of the request. In our understanding, the above procedures including beam recovery triggering and transmission as well as gNB response monitoring are performed and controlled by L1/MAC and transparent to RRC. 
Observation 4: A counter or a timer or combination of above in L1/MAC configured by gNB is used to control the beam failure recovery request transmission(s). 
Observation 5: Beam failure recovery request triggering, transmission and gNB response monitoring are performed and controlled by L1/MAC and transparent to RRC.
Proposal 2: Beam failure recovery request triggering, transmission and gNB response monitoring doesn’t impact RRC procedure for recovery of physical layer problems. 
However, RAN1 agreed that in case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery. One case of the unsuccessful recovery from beam failure is that no gNB response is detected after a certain number of beam failure recovery request transmission(s).  
Observation 6: Certain indications from L1/MAC for beam recovery failure are sent to RRC.  
In RAN1 agreement, two examples explain how aperiodic indication(s) based on beam failure recovery procedure assists RLF. In Example 1, aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310, representing beam recovery success; in Example 2, aperiodic indication(s) based on failure of beam recovery procedure can be used for RLF detection. Our understanding is the indication for unsuccessful recovery from beam failure agreed for beam recovery section is equivalent to the aperiodic indication(s) based on failure of beam recovery discussed in RLM in RAN1. 
Observation 7: Certain indications from L1/MAC for beam recovery success may be sent to RRC.  
Proposal 3: RRC procedure for recovery of physical layer problems should handle the beam recovery procedure failure indication. 
Proposal 4: RRC procedure for recovery of physical layer problems should handle the beam recovery procedure success indication.
2.4 Beam Recovery Failure/Success Indication
Based on RAN1 agreement, both non-contention based PRACH and PUCCH can be used to transmit the beam failure recovery request. It’s FFS whether 4-step contention-based PRACH can also be used. Which channel to use can be configured by gNB. It’s possible that only PUCCH is configured for the beam failure recovery request. If no response is received after a number of request transmission on PUCCH, beam recovery procedure fails and one failure indication is sent to RRC. It’s also possible that both PUCCH and non-contention based PRACH are used. Beam recovery is considered as failed if no response is received after both of the procedures. In this case, it’s possible that a configured maximum transmission number of PRACH can be used to determine beam recovery failure. Based on observation 5, it’s possible that a solo timer is used. If no response is received before the expiry of the timer, beam recovery is considered as failed. 
If the timer or the counter is set to infinity, beam recovery failure/success indication is disabled and not sent. So RLF still runs based on the ‘out-of-sync’ indication. However, no matter which criterion is used for beam recovery failure determination, it means there is no beam available for UE to recover the radio link with the network. So RLF should be declared. Early RLF declaration before T310 expiry can limit UL interference and expedite beam recovery procedure. 
Observation 8: Following criteria can be considered as beam recovery failure:
· No gNB response after Maximum number of PUCCH transmission;
· No gNB response after Maximum number of non-contention based PRACH transmission;
· No gNB response after expiry of the timer controlling beam failure recovery request transmission;
Observation 9: Beam recovery failure indication means there is no beam available for UE to recover the radio link with the network. 
Proposal 5: RLF is declared when beam recovery procedure failure indication is received from lower layer. 
Based on observation 5, since beam failure recovery request transmission and gNB response monitoring are transparent to RRC, there is a risk that one ‘out-of-sync’ is indicated even beam recovery succeeds, considering ‘out-of-sync’/’in-sync’ is generated based on a number of historic measurement samples in a long evaluation period. If the ‘out-of-sync’ is the last IS/OOS indication from lower layer before T310 expiry, or consecutive "in-sync" indications don’t reach the required number of N311 before T310 expiry, RLF also declares even if beam recovery succeeds. When beam recovery success indication is received from lower layer, the radio link with the network is available to continue the data transmission. So T310 should be stopped. From RAN2 aspect, it’s beneficial to support the beam recovery success indication to avoid false alarm of RLF. From RAN1 aspect, beam recovery success means a response from gNB is received. 
Proposal 6: Beam recovery procedure success indication is sent to RRC when beam recovery succeeds. 
Proposal 7: The timer (e.g. T310) is stopped at least upon reception of beam recovery procedure success indication.
3 Conclusions
In this contribution, we discuss RLM/RLF and beam recovery procedure based on the latest LS from RAN1. 
Based on the observations:
Observation 1: Current RLM/RLF is applicable for NR with single beam operation.  For multiple beam operation, the aperiodic indications based on beam failure recovery procedure need to be considered. 
Observation 2: Using detection of physical layer problems as the criterion for beam failure has the problem that beam failure recovery procedure cannot be triggered timely. 
Observation 3: Beam failure detection is transparent to RRC. 
Observation 4: A counter or a timer or combination of above in L1/MAC configured by gNB is used to control the beam failure recovery request transmission(s). 
Observation 5: Beam failure recovery request triggering, transmission and gNB response monitoring are performed and controlled by L1/MAC and transparent to RRC.
Observation 6: Certain indications from L1/MAC for beam recovery failure are sent to RRC.  
Observation 7: Certain indications from L1/MAC for beam recovery success may be sent to RRC.  
Observation 8: Following criteria can be considered as beam recovery failure:
· No gNB response after Maximum number of PUCCH transmission;
· No gNB response after Maximum number of non-contention based PRACH transmission;
· No gNB response after expiry of the timer controlling beam failure recovery request transmission;
Observation 9: Beam recovery failure indication means there is no beam available for UE to recover the radio link with the network. 
We propose:
Proposal 1: Indication of beam failure detection from L1/MAC to RRC is not needed. Beam fail detection doesn’t impact RRC procedure for detection of physical layer problems. 
Proposal 2: Beam failure recovery request triggering, transmission and gNB response monitoring doesn’t impact RRC procedure for recovery of physical layer problems. 
Proposal 3: RRC procedure for recovery of physical layer problems should handle the beam recovery procedure failure indication. 
Proposal 4: RRC procedure for recovery of physical layer problems should handle the beam recovery procedure success indication.
Proposal 5: RLF is declared when beam recovery procedure failure indication is received from lower layer. 
Proposal 6: Beam recovery procedure success indication is sent to RRC when beam recovery succeeds. 
Proposal 7: The timer (e.g. T310) is stopped at least upon reception of beam recovery procedure success indication.
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