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1. Introduction
In RAN1 Jan. Ad-Hoc meeting, the agreement of mechanism to recover from beam failure was made as following:
Agreements:
· 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
In the RAN1 #88, the agreements of mechanism to recover from beam failure were made as following:
Agreements:
· 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). Mechanism to recover from beam failure is triggered when beam failure occurs
· Note: here the beam pair link is used for convenience, and may or may not be used in specification
· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH
· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 
· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH
· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH
· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded
· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE
· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH
· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 
· Note: the criterion for declaring radio link failure is for RAN2 to decide.
· [bookmark: _GoBack]FFS: The necessity of such indication
· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols

Agreements:
· The following mechanisms should be supported in NR:
· The UL transmission to report beam failure can be located in the same time instance as PRACH:
· Resources orthogonal to PRACH resources 
· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 
· FFS channels/signals 
· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH
· Consider the impact of RACH periodicity in configuring the UL signal to report beam failure located in slots outside PRACH
· FFS the signal/channel for the UL transmission
· Additional mechanisms using other channels/signals are not precluded (e.g., SR, UL grant free PUSCH, UL control)

Based on the agreements, we provide our views on mechanism to recover from beam failure in this contribution.
Discussion on mechanism to recover from beam failure
In beamformed systems, UE mobility/rotation and beam blockage could impact on L1, L2, and L3 operations such as frequent HARQ retransmission in L1/L2 and link failure in L3. In RAN2 perspective, how to provide fast link recovery in NR can be an important topic in this regard. However, it will be better to provide physical layer mechanisms to prevent link failure situation (i.e., link quality below certain threshold for a long time) as much as possible. From RAN1 perspective, mechanism to support fast switching of beam(s) can be considered for providing robustness to control/data channels. Both network initiated and UE initiated methods can be considered. For network initiated methods, network can trigger or activate DL or UL RS transmission. UE could report beam information only when indicated/configured. Limitation of these methods is when UE does not transmit any signal or feedback information for a relatively long time. For example, periodic beam reporting and periodic CSI reporting can be configured to a UE for fast link adaptation. If the reporting period(s) is too short, original purpose can be met but it could consume too much DL/UL resource. In Jan. RAN1 Ad-hoc meeting, therefore, it was agreed to support UE initiated methods as well as network initiated methods. In these methods, UL transmission is done when UE detects degradation of beam/link quality. Even though UE can recognize the beam degradation in advance of TRP, it may not be feasible to report this situation to network if UL container has not been assigned to the UE. Also, UE might need additional beam measurements for better beam reporting so that following two mechanisms can be considered. 
Mechanism1. UL transmission for beam reporting request
Mechanism2. UL transmission for initiation of DL beam management procedure
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Figure 1. A description for Mechanism 1
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Figure 2. A description for Mechanism 2
In Mechanism1 as shown in Figure 1, UL signal is transmitted to acquire a UL container for beam information reporting when UE already has beam related measurement thanks to periodically transmitted/configured RS (e.g. MRS, CSI-RS). In Mechanism2 as shown in Figure 2, TRP transmits DL RSs for beam management to the UE upon reception of UL signal and then UE could report beam information subsequently. 
Proposal #1: Support both Mechanism 1 and 2 to recover from beam failure.
For the UL transmission for the beam recovery request, it was agreed that network explicitly configures to UE with resources for UL transmission of signals for recovery purpose. Considering UL timing synchronization aspects, TRP Rx beam setting for listening the request, and standard impact, one of solutions would be to dedicate some PRACH resources for the purpose of beam recovery request. TRP can distinguish whether UE needs random access or beam recovery from the detection of PRACH signal. If there are sufficient PRACH resources, non-contention based PRACH seems to be appropriate for this purpose. In order not to impact on PRACH design, we can also consider an UL beam recovery signal which is orthogonal to PRACH resources in a FDM manner.  
As mentioned above, gNB can recognize beam failure through UL signal, and then it would be needed to take appropriate actions such as allocation of UL resource to report beam information (i.e., Mechanism 1) or transmission of DL RSs for beam measurement (i.e., Mechanism 2). Regarding beam recovery request, gNB can make a final decision on which mechanism to apply. Since gNB does not have any information whether the UE has alternative beam information measured previously or not, it would be necessary for UE to report the information of containing alternative beam information or not. This information could be included in UL beam recovery request signal/resource. In this regard, UL signal/resource for beam recovery can be separately designed for Mechanism 1 and 2 to indicate the preference between them.
Proposal #2: If both Mechanism 1 and 2 are supported, UE assistance on which mechanism is available/preferable shall be needed.

2. Conclusion
In this contribution, we have studied the mechanism to recover from beam failure and proposed as following:
Proposal #1: Support both Mechanism 1 and 2 to recover from beam failure.
Proposal #2: If both Mechanism 1 and 2 are supported, UE assistance on which mechanism is available/preferable shall be needed.
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