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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In the last meeting, following agreements were made related to NR Radio Link Monitoring [1]:
	In the 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

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

In the RAN1#89 meeting:
Agreements:
· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
· RAN1 plans to provide at least periodic IS/OOS indications.
· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.




In this contribution, we provide analysis and discussion on relationship between RLM and beam failure recovery, RLM RS configuration (e.g., single RS or multiple RSs at a time), and RLM criterion and conditions for IS/OOS indication (e.g., single resource/beam based or multiple resources/beams based)
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Discussion
Relationship between RLM and beam failure recovery
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 transmissions on PUCCH, beam recovery 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 fail 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. 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 fail. 
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 Qout 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 1: 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 2: Beam recovery failure indication means there is no beam available for UE to recover the radio link with the network. 
Proposal 1: RLF is declared when beam recovery failure indication is received from lower layer. 
There is a risk that one Qout is indicated even beam recovery succeeds, considering Qout/Qin is generated based on a number of historic measurement samples in a long evaluation period. If the Qout is the last IS/OOS indication from lower layer 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. It is beneficial to support the beam recovery success indication to avoid false alarm of RLF. Beam recovery success means a response from gNB is received by UE. 
Proposal 2: Beam recovery success indication is sent to RRC when beam recovery succeeds. 
Proposal 3: The timer (e.g. T310) is stopped upon reception of beam recovery success indication.

RLM RS configuration 
One open issue on RLM RS configuration is whether or not only a single type of RS is configured to UE for RLM at a time. The intention to configure two types of RS could be monitoring the radio quality of different beams in the multi-beam scenario. However, the radio quality of different beams is possible to link to the quality of single type of RS through QCL assumption. Besides, different types of RS could be with different periodicity, different numerology and different measurement accuracy, and that complicates RLM procedure. Therefore, for the simplicity, it is preferred that a single type of RS is configured to UE for RLM at a time.   
Proposal 4: Only a single type of RS is configured to UE for RLM at a time.

RLM criterion and conditions for IS/OOS indication
In LTE, T310 for RLF is triggered by consecutive OOS indications, and it is stopped by IS indication. The LTE IS indication is reported based on monitoring the decoding performance of DCI format 1A, which could is carried by common control channel. When the downlink radio link quality estimated over the last 100 ms period becomes better than the threshold Qin, UE sends out an IS indication. The LTE OOS indication is reported based on monitoring the decoding performance of DCI format 1C, which is carried by common control channel or dedicated control channel. When the downlink radio link quality estimated over the last 200 ms period becomes worse than the threshold Qout, UE sends out an OOS indication.
In NR, the same principle can be applied, and RAN1 has agreed to assume that single IS or OOS is indicated per reporting instance regardless number of beams available in cell, so one question is how to generate a single IS/OOS in the multi-beam scenario. And there could be several options
Option 1: monitoring on the averaging quality of all available beams in cell. However, the risk is the OOS indication could be reported due to the bad quality of some available beams and the RLF is triggered, but there are some good beams can be received by UE. Similarly, the IS indication could not be reported due to some bad beams. Therefore, Option 1 is not preferred.
Option 2: monitoring on the best beam of available beams in cell.
If there are no available beams in a cell, UE should search for other cells, and the RLF should be declared, so it is natural to report OSS/IS indication based on the best beam of all available beams in a cell. However, there could be no data will be transmitted on some available beams, so it is not necessary to mandate UE to monitor all available beams. 
Option 3: monitoring on the best beam of a set of serving beams in cell.
Through beam management procedure, gNB is able to select a set of beams as serving beams to transmit data on it. If the radio quality of all serving beams is not good enough, the beam recovery procedure will be triggered to update serving beams from all available beams in cell. Therefore, it is reasonable to report OSS/IS indication based on the best beam of a set of serving beams. 
Proposal 5: OSS/IS indication reporting is based on the radio quality of best beam of a set of serving beams.
Conclusion
In this contribution, we provided more discussion on aspects related to radio link monitoring. Based on the discussion, the following proposals are given for consideration.
Observation 1: 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 2: Beam recovery failure indication means there is no beam available for UE to recover the radio link with the network. 
Proposal 1: RLF is declared when beam recovery failure indication is received from lower layer. 
Proposal 2: Beam recovery success indication is sent to RRC when beam recovery succeeds. 
Proposal 3: The timer (e.g. T310) is stopped upon reception of beam recovery success indication.
Proposal 4: Only a single type of RS is configured to UE for RLM at a time.
Proposal 5: OSS/IS indication reporting is based on the radio quality of best beam of a set of serving beams.
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