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1	Introduction
In NR, a beam may be lost / degrade due to various reasons especially in higher frequencies, e.g., due to beam blockage, beam misalignment or changes in radio environment so that the current beams do not provide adequate quality for communication. Although the current beam cannot be used, UE may have alternative beam that are usable. When there exists alternative beam(s) for communication, the connection between the UE and the network should be recovered via beam recovery procedure.
RAN1 has made the following agreements for beam recovery:
RAN1#89 Agreements:
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure
· Support using PUCCH for beam failure recovery request transmission
· FFS whether PUCCH is with beam sweeping or not
· Note: this may or may not impact PUCCH design
· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
· From traditional RACH resource pool
· 4-step RACH procedure is used
· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 
· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 
RAN1#88bis
· Beam failure recovery request resource/signal may be additionally used for scheduling request

RAN1#AH_NR2
Agreements:
· RAN1 agrees that the certain number of beam failure recovery request  transmissions is NW configurable by using some parameters
· Parameters used by the NW could be:
· Number of transmissions
· Solely based on timer
· Combination of above
· FFS: whether beam failure recovery procedure is influenced by the RLF event
2	Definitions
For beam management, the UE measures beam specific reference signals (e.g., CSI-RS for P-1 beam management). Based on the measurements, the UE reports detected beams according to network configuration. Out of the reported beams, network allocates for the UE beams for PDCCH monitoring. UE may have multiple PDCCH beams e.g. corresponding to different UE/gNB beams for robustness: in case one PDCCH beam fails alternative beam may be used.
Allocation of beam(s) for PDCCH reception is done using MAC/DCI signaling.
In our view the beam switch/change and beam recovery have the following definition:
-	Beam change/switch: When network allocates UE with beam(s) for PDCCH reception out of the reported candidate beams or requests UE to monitor alternative beam for PDCCH reception. UE may have multiple beams for PDCCH reception e.g. associated with different UE RX beams. Both network and UE may detect the need for beam change. 
-	Beam Recovery: When the current beam (can be multiple beams) allocated for PDCCH reception cannot be used, i.e., beam quality has degraded or the beam is blocked, but UE detects alternative potential candidate beams that are not currently allocated for PDCCH reception and indicates these beams to network via L1/L2 signaling.
3	Beam recovery
In UE event triggered beam recovery, UE is configured with certain conditions when it determines the need for beam recovery. One potential way to detect need for recovery is to use the beam measurements (provided by L1). L2 may be configured to monitor specific beams that are allocated for PDCCH reception. Detecting signal degradation on those beams should trigger recovery actions. For the recovery actions, UE should indicate to the network new potential beams (if available) via L1/L2 beam reporting or it should request network to switch to alternative beam (for PDCCH monitoring) if such beam exists. 
For beam recovery following signals/channels could be used:
Contention free signals /Scheduling Request on PUCCH/PRACH:
RAN1 has not yet explicitly agreed to have the scheduling request signals configured to PRACH period but has agreed that SR can be conveyed at least on PUCCH. 
Scheduling request, SR, is conventionally used by UE to request UL-SCH resources for new data transmission. From beam management perspective, SR can be used to request resources for transmitting beam report to indicate candidate beams (CSI-RS) for PDCCH reception. Specific triggering conditions can be specified and configured by the network when the UE can trigger SR transmission for beam recovery. SR may also be used for other beam management events. 
RAN1 has agreed that beam recovery signal may be additionally used for SR. In our view the SR and beam recovery signal should have joint design and configuration: SR signal can indicate both recovery request and scheduling request.
SR signal should be able to be configured to indicate at least specific SS block: If UE detects alternative beams (based on CSI-RS measurements) when current link has failed the SR can be triggered to a corresponding SS block. 
RACH:
Use of Random access procedure may be used as fall back mechanism when the link cannot be recovered by other means (i.e. UE has not been configured with dedicated recovery signal such as SS block specific SR) but UE has detected potential beams in a current serving cell. In RA-procedure UE could indicate recovery by indicating new preferred beam by sending msg1 on RACH resource corresponding to a specific (SS block). Network is able to detect the link recovery e.g. based on the UE identity in msg3. Additionally, UE may send beam report e.g. in msg3.
Observation 1: SR signal (if configured) can be used for beam recovery. SR signal indicates a specific SS block.
Observation 2:  Contention based RACH procedure can be used for beam recovery as a fall back option.
SR triggers are defined in MAC spec in LTE, both for dedicated SR resources and random access. The same is assumed to apply in NR. It is beneficial to have all SR triggers in one place and therefore, the beam recovery triggers should be defined in MAC spec. Similarly, also the triggers to fallback to random access should be defined in the same place.
Proposal 1: If beam recovery procedure is configured to use contention free (dedicated) signaling resources such as SR, the trigger should be defined in MAC spec together with other triggers for SR.
Proposal 2: If beam recovery uses PRACH resources, the trigger should be defined in MAC (together with SR triggers).
Beam management for NR is discussed as mobility without RRC involvement. Beam recovery is part of the beam management. Therefore, it should be a L1/L2 procedure without RRC involvement i.e. beam recovery procedure tries to obtain new PDCCH beam when current PDCCH beam fails. Taking into account the proposals 3 and 4 we propose in general:
Proposal 3: Determining when to use contention free and when to use contention based recovery is a MAC layer function. 
Proposal 4: Beam recovery is L1/L2 procedure without RRC involvement.
Proposal 5: Triggering Beam Recovery should be based on events that are network configurable.
4	Conclusions
In this contribution beam recovery was discussed. Based on discussion the following observations and proposals are made:
Observation 1: SR signal (if configured) can be used for beam recovery. SR signal indicates a specific SS block.
Observation 2: Contention based RACH procedure can be used for beam recovery as a fall back option.
Proposal 1: If beam recovery procedure is configured to use contention free (dedicated) signaling resources such as SR, the trigger should be defined in MAC spec together with other triggers for SR.
Proposal 2: If beam recovery uses PRACH resources, the trigger should be defined in MAC (together with SR triggers).
Proposal 3: Determining when to use contention free and when to use contention based recovery is a MAC layer function. 
Proposal 4: Beam recovery is L1/L2 procedure without RRC involvement.
Proposal 5: Triggering Beam Recovery should be based on events that are network configurable.
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