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1. Introduction
This paper is a revision of R2-1710919. In part I, beam failure/recovery related part have been added based on latest RAN1 decision. The part II has not been changed. 
Part I: Background for RLM/RLF procedure
In prvious RAN2 meetings, RLM/RLF in NR has been widely discussed. A baseline procedure was agreed. 
Accordingly, in RAN1 NR #2 Adhoc meeting, it was agreed that aperiodic indication(s) based on beam failure recovery procedure will be provided to assist the RLM/RLF. The following agreements were made:

	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


During discussion for EN-DC, RLM/RLF connected to beam management was deprioritized. 
Thus, in Part I, we will discuss the interaction between RLM/RLF and beam failure recovery from RAN2 point of view.

Part II: Background for RLM/RLF considering change of CSI-RS and SS block
In RAN1 NR #2Adhoc meeting, RLM topic was discussed and made the following agreement [2]:
	Agreements on radio link monitoring at RAN1#NR-AH2 meeting:

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




The new agreements will also impact on RLM procedure. Thus, in Part II, we will discuss how the RLM procedure perform if both CSI-RS based RLM and SS block based RLM are supported.
2. Discussion
2.1. RLM/RLF procedure
After RAN1 discussion, beam failure recovery procedure has been introduced, which also focuses on the purpose to solve the physical layer problem. In case of channel blockage, almost or all DL beams can’t work, beam failure recovery will be triggered. During this procedure, trigger condition, recovery request, and recovery response are totally L1/MAC behaviors. It has no impact on RRC layer. 
Either beam failure recovery in physical layer or RLM in RRC layer are used to detect the physical layer problem. However, the former one is trying to detect the channel blockage, which reflects the signaling strength. While the later one is trying to monitor the signaling quality. Thus, they may have different purposes and application scenarios. Thus, there is no need to inform or controlled by RRC layer for beam failure recovery procedure. 
Proposal 1: Beam failure recovery procedure, including detection, requesting, and response, has no impact to RLM procedure in RRC layer.

In RAN1 agreement, it is stated two examples:

-  Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310

In our understanding, aperiodic indication based on beam failure recovery procedure in this example may be one or more of problem detection, beam failure recovery triggering, recovery requesting, recovery response, recovery success.  
-  Example 2: aperiodic indication(s) based on failure of beam recovery procedure

In our understanding, aperiodic indication based on beam failure recovery procedure in this example is beam failure recovery failure. 
In example 1, based on the above analysis, beam failure recovery procedure (including detection, requesting, and response) has no impact to RLM/RLF procedure in RRC layer. For recovery success, it means that physical layer problem causing beam failure is solved. If T310 is running at that time, it means the link quality problem is detected. Whether this problem is also solved by beam failure recovery: 

1. Case 1: if the link quality problem is caused by channel blockage, it is also solved by beam failure recovery. In this case, in-sync of regular RLM procedure should be also indicated based on regular RLM procedure. Thus, T310 will be naturally stopped by in-sync indication. 
2. Case 2: if the link quality problem is caused by interference, it is not also solved by beam failure recovery. In this case, it is reasonable to keep T310 running. 
Thus, based on the above analysis, it is not reasonable to stop/reset T310 if beam failure recovery succeeds. 

Proposal 2: RLM/RLF procedure should not be impacted by success indication for beam failure recovery procedure. 

In example 2, if no response is detected after a certain number of requesting, it means that there is no available DL beam to recover the failure link. It means that there is no available DL beam to recovery the failure link. Beam failure recovery is considered as failure, which will be indicated to high layer. 

In this case, although regular out-of-sync will also indicate such bad link quality or T310 will continue, there is no need for the UE to wait until T310 expires. Beam failure recovery failure means there is no proper link from physical layer point of view. There is no opportunity to receive in-sync indication. If the configuration of RLM is not proper, the UE has to wait for a very long time. It is a waste of UE power consumption and will cause long latency. Thus, an early RLF should be declared based on the indication of beam failure recovery failure, instead of waiting for T310 expiration.

Proposal 3: RLF is declared based on the indication of beam failure recovery failure from lower layer. 

If RLF is declared by other causes in high layer, the following RRC re-establishment will be performed based on the current mechanism anyway. Any link recovery procedure in lower layer is not needed, including L1/MAC beam failure recovery procedure. Thus, it is reasonable to indicate RLF to L1/MAC layer, so that PHY layer will stop the beam failure recovery procedure and related operations. 

Proposal 4: Once RLF is declared in high layer, it should be indicated to L1/MAC layer. 

2.2. RLM/RLF considering change of CSI-RS and SS block
In RAN1, it was agreed that both CSI-RS based RLM and SS block based RLM were supported. Whether or not only a single type of RS is configured to UE for RLM at a time is still FFS. Currently, the reference signaling of RLM can be configured. Thus, the reference signaling of RLM can be changed in below two cases.

Case 1: Reconfigure the reference signaling of RLM

The network may reconfigure the reference signaling of RLM due to beam change, e.g. change CSI-RS1 to CSI-RS2 or change CSI-RS1 to SS block1.
Case 2: The reference signaling of RLM is deactivated 
Based on RAN1 agreement, CSI-RS transmission can be deactivated in NR. CSI-RS and SS block transmission can be also deactivated because the bandwidth part (BWP) of wide band cell is deactivated. After the old CSI-RS or SS block transmission of RLM is deactivated, the reference signaling of RLM has to be changed to the new one.
	· Wideband transmission relative to bandwidth of active bandwidth part




When the reference signaling of RLM is changed in case that the counter of “in sync” and “out of sync” or T310 has been running, we need to discuss whether the counter of “in sync” / “out of sync” or T310 should be reset or continued. 
In our understanding, different reference signaling for RLM is related to different beams, while different beams may have huge different radio link condition. Thus, it is better to reset the counter of “in sync” and “out of sync” or T310 if the reference signaling for RLM is changed.
Proposal 5: The counter of “in sync” and “out of sync” or T310 which has been running are reset if the reference signaling for RLM is changed.

3. Conclusion
In this contribution, we discuss the RLM/RLF in NR by considering the beam failure recovery procedure and changing of SS block / CSI-RS. Based on the discussion, we have the following proposals:
Proposal 1: Beam failure recovery procedure, including detection, requesting, and response, has no impact to RLM procedure in RRC layer.

Proposal 2: RLM/RLF procedure should not be impacted by success indication for beam failure recovery procedure. 

Proposal 3: RLF is declared based on the indication of beam failure recovery failure from lower layer. 

Proposal 4: Once RLF is declared in high layer, it should be indicated to L1/MAC layer. 

Proposal 5: The counter of “in sync” and “out of sync” or T310 which has been running are reset if the reference signaling for RLM is changed.
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