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Introduction
Pertinent agreements made on beam failure in RAN1#86[1], 86bis [2], 87 [3] and NR Ad-Hoc[4] can be summarized as follows:
	Summary of agreements:
· NR supports mechanism(s) in the case of link failure and/or blockage for NR
· Whether to use new procedure is FFS
· Study at least the following aspects:
· Whether or not an DL or UL signal transmission for this mechanism is needed
· E.g., RACH preamble sequence, DL/UL reference signal, control channel, etc.
· If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.

· NR supports that UE can trigger mechanism to recover from beam failure 
· Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose
· Support configurations of resources where the base station is listening from all or partial directions, e.g., random access region
· FFS: Triggering condition of recovery signal (FFS new or existing signals) associated UE behavior of monitoring RS/control channel/data channel
· Support transmission of DL signal for allowing the UE to monitor the beams for identifying new potential beams
· FFS: Transmission of a beam swept control channel is not precluded
· This mechanism(s) should consider tradeoff between performance and DL signaling overhead



This contribution will discuss the beam failure scenarios, and present our views on the recovery mechanism for downlink beam failure and uplink beam failure. 
Discussion on beam failure scenarios
1 
Before discussing the beam failure scenarios, we need to first understand the requirement and design principle of beams in multi-beam based 5G system, in which the gNB utilizes multiple beams to cover the whole coverage area and each UE should be associated with one of those beams. Generally, there can be two types of beams: coverage beam and data beam. Coverage beams are cell-specific and are utilized to provide the coverage function. The function of coverage beams is analogous to ‘sectorization’. Each UE should be associated with one coverage beam of one cell. The coverage beam should provide sufficient robustness with respect to the UE mobility/movement/rotation and blockage. Data beams are used for data transmission and the target of data beams can be to achieve high data rate. 
When the UE moves and/or the environment varies, the best coverage beam for the UE could change. Here the L1/L2 beam management procedure is operated to switch the current coverage beam to a new coverage beam. That can be called L1/L2 inter-beam mobility. The coverage beam can be used on the downlink control channel. The design of coverage beam should consider both coverage distance and robustness to UE mobility. Considering the low data rate requirement but high reliability requirement on the control channel, the coverage beam should be wide enough to allow reasonable UE mobility and potential blockage. Choosing narrow coverage beams would generate unnecessary frequent beam switching and potentially frequent connection loss on control channel. The data beams are used on data channel. Data beams can be designed as narrow beams with high beamforming gain to support data transmission. The robustness requirement for data beam is expected to be comparable to that for coverage beam. 
Any misalignment on data beam could result in data packet but not radio link loss. The gNB can easily re-align the data beam by, e.g., requesting the UE to measure the UE-specific CSI-RS and switch to another beam with good quality. In contrast, the misalignment on coverage beam could result in the loss of ongoing link of the control channel. The gNB might not be able to use same beam management procedure to switch to a new coverage beam. 
Observation 1: In multi-beam based system, there are two types of beams: coverage beam and data beam. The failure scenarios of coverage beam and data beam are different.
In LTE, the radio link failure (RLF) triggers the RRC re-establishment procedure. In NR, the beam management is L1/L2 procedure. The switching between coverage beams should be considered as L1/L2 inter-beam mobility. So the coverage beam failure should only trigger some L1/L2 beam re-association procedure, instead of L3 RRC reconfiguration.
Observation 2: beam failure should only trigger L1/L2 beam procedure, not L3 RRC procedure.
 
Proposal 1: Beam failure recovery mechanism is designed with the following principles:
· Beam failure recovery mechanism should be L1/L2 procedure, not L3 procedure
· Different mechanisms should be considered for coverage beam failure and data beam failure

Recovery mechanisms for downlink beam failure
Beam failure recovery mechanism can be UE-triggered (per RAN1 agreement). The UE can recognize a beam failure event based on measuring some downlink RS, control channel and/or data channel. One example for beam failure recognition is that the UE detects very low RSRP of the current serving beam based on the measurement of downlink RS used for beam management. If beam failure is recognized, the UE can notify the NW of this event through some uplink transmission. Then the gNB can act accordingly. The gNB can request the UE to switch to another beam. The gNB can configure some aperiodic beam reporting to the UE to obtain new beam reporting. One limitation of this approach is the beam recovery procedure is activated only after the beam  fails. If the coverage beam fails, no downlink connection might be available for the gNB to signal the UE to switch new beams or report some new beam state. Thus radio link failure can occur to trigger the RRC connection re-establishment. So it is desired that the gNB and the UE can switch to a new beam before the current beam totally fails to avoid radio link failure. Some proactive recovery mechanism is therefore necessary.
One proactive mechanism is that the UE monitors the serving beam and reports the quality information of serving beam to the gNB periodically. Based on the periodical beam quality report, the gNB can obtain a continuous monitoring on the serving beam and can predict the variation of serving beam. When the current serving beam is getting worse, the gNB can configure the UE to switch to a new beam before the serving beam is totally lost. The UE can monitor the quality of current serving beam based on measuring downlink RS for beam management, for example periodic CSI-RS. The periodic CSI reporting of beam quality information can be low-resolution beam quality to minimize overhead, e.g., low resolution beam RSRP. 
Such periodic CSI report on beam quality information would be useful to support UE mobility in multi-beam based system. When the UE moves in a multi-beam based system, the coverage beam can change gradually. Based on the periodic reporting, the gNB can switch the coverage beam for the UE smoothly without connection loss.
Proposal 2: NR supports the UE sends a periodic CSI reporting with beam quality:
· The periodic CSI reporting is “lightweight”; 
· The UE monitors and reports the beam quality on a downlink RS used for beam management (e.g. periodic CSI-RS);
Recovery mechanism for uplink beam failure
For the uplink beam failure, no NR specification support is needed. The gNB can detect UL beam failure and then recover the beam through implementation. The gNB can detect the uplink beam failure/misalignment based on measuring the uplink signal quality. The gNB can measure the quality of UL serving beam by measuring the CQI or RSRP of NR-SRS transmission. The gNB can monitor the current beam quality based on periodic NR-SRS transmission. The gNB can also trigger some semi-persistent NR-SRS transmission to monitor the beam quality
If the gNB recognizes the uplink beam is failed/misaligned, the gNB can request the UE to switch to a new Tx beam. The gNB can also request the UE to transmit an aperiodic NR-SRS transmission of M NR-SRS resources out of K configured NR-SRS resources to re-measure the uplink beams and then switch the uplink beam based on the new measurement results 

Proposal 3: Uplink beam failure recovery does not need NR specification support and is up to system implementation.
Conclusions
In this contribution, Samsung’s view on recover mechanism for beam failure is presented. The following proposals are made:
Proposal 1: Beam failure recovery mechanism is designed with the following principles:
· Beam failure recovery mechanism should be L1/L2 procedure, not L3 procedure
· Different mechanisms should be considered for coverage beam failure and data beam failure
Proposal 2: NR supports the UE sends a periodic CSI reporting with beam quality:
· The periodic CSI reporting is “lightweight”; 
· The UE monitors and reports the beam quality on a downlink RS used for beam management (e.g., periodic CSI-RS);
· 
Proposal 3: Uplink beam failure recovery does not need NR specification support and is up to system implementation.
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