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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
RAN1#86 made the following agreements for beam management:
	Agreements:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming



RAN1#86bis made the following agreement to study for beam management:

Agreements: 
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.

In addition, RAN1#87 agreed to study the need for event-driven UL transmission in beam management: 
Agreements:
•	NR should study the necessity of event-driven UE initiated UL transmission, e.g., in the event of beam quality degradation 
–	E.g. due to UE mobility/rotation, blockage, and/or link failure, etc.
FFS: details of event(s) of beam quality degradation

Agreements in Spokane RAN1 NR-#1 Adhoc:
· 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 this contribution we discuss beam/link recovery and related procedures in downlink beam management. We propose to use periodical beam reference signals for detection of beam quality degradation at UE side. For beam recovery we propose contention based and contention free signalling for UE event driven beam recovery actions. 

2	Discussion
In NR, the beam link 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 communication beams do not provide adequate quality for communication. Although the current beam link cannot be used, UE may have alternative beam links that are usable. When there exists alternative beam link(s) for communication the connection between UE and network should be recovered via beam recovery procedure.
In our other contribution [6] we discuss the PDCCH monitoring via multiple beams that may be associated with different UE RX beams. Beams for PDCCH monitoring are configured by network out of the potential candidate set that is indicated by UE via BSI reporting (P-1/2 beams).
In our view the beam switch/change and beam recovery have the following definitions:
· Beam change/switch: When network configures UE with beam for PDCCH reception out of the reported candidate beams or requests UE to monitor alternative beam for PDCCH reception that is still available. 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) configured 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 configured for PDCCH reception and indicates these beams to network via L1/L2 signaling.


Configuration of beam for PDCCH reception is done using MAC/DCI signaling. 
Beam recovery in this contribution discusses when a beam loss is detected but potential alternative beams still exist for communication between UE and network but these beams have not been established/agreed yet.

2.1 Measurements on periodical beam reference signals
In downlink beam management UE measures periodical cell specific beam CSI RS (CSI-RS for P1) transmitted in SS-bursts. Based on the periodical measurements UE determines potential beams for communication and reports them to network based on configuration. UE may report multiple potential beams, candidate beams, to network. UE may also have multiple distinctive beam directions and thus it may report the potential candidate beams or beam groups per beam direction. Beam reporting is further discussed in [5]. 
Periodical signals also enable UE to track the PDCCH reception beam(s) and indicate link quality changes to network by triggering UE initiated measurement reports. In addition, UE is able to detect potential beam blockage and initiate recovery actions based on the measurements on periodical signals.
Observation 1: UE is able detect beam blockage/degradation on periodical cell specific beam CSI-RS signals 
Proposal 1: Support the use of periodical cell specific beam CSI-RS signals on downlink for beam management in NR
Proposal 2: Support the use of periodical cell specific beam CSI-RS for UE initiated beam recovery in NR

2.2 UE event triggered Beam Recovery Procedures
As UE measures the cell specific beam CSI-RS signals periodically, it is the first entity to detect the the need for beam recovery during inactivity periods of the communication. During the active communication network may detect the beam quality degradation e.g. if UE does not send any data on allocated resource or if UE does not send any feedback to DL transmission. Vice versa UE may observe beam blockage in similar manner although it may not expect any predetermined schedule of resource allocations unless configured. Determining the need for recovery outside beam CSI-RS periods may be useful in case the beam CSI-RS periodicity is relatively long. However, defining UE based actions on DL DATA/ACK-NACK signalling so that it could be controlled by network needs FFS. 
Thus, UE should determine the need for beam recovery based on the reception quality of periodical cell specific beam reference signals.
When network determines the beam degradation (but the transmission over the beam is not lost yet) it may try to schedule UE using alternative beams in the candidate set and/or request UE to provide up to date beam information e.g. by triggering a request using DCI/MAC CE. Although the beam quality is degraded UE may be able to provide beam report indicating alternative beams (e.g. different beam group) after beam CSI-RS measurement. 
In UE event triggered beam recovery, the network could configure UE with beam specific events based on the quality of beam (or beams) for PDCCH reception. Quality measure may be e.g. beam RSRP. One type of recovery action may be to trigger beam report (UE reports Beam State Information) based on PDCCH reception beam quality. When the PDCCH reception beam becomes blocked or quality degrades and UE is able to detect alternative beams it could trigger a beam report to indicate potential beams to network via recovery procedure.

Proposal 3: UE event triggered recovery actions should be based on the cell specific beam CSI-RS signals 
Proposal 4: Determine beam failure and need for recovery actions on measurements on beam reference signal(s) associated to beams configured for PDCCH reception   
Proposal 5: Support UE event triggered beam recovery procedures/actions in NR that are based on periodical cell and beam specific CSI-RS measurements.

2.2.1 Non-contention based Recovery Procedures
In one option UE could be configured with dedicated uplink transmission resource(s) for beam recovery e.g. to request resources to send beam report indicating new candidate beams for PDCCH (and PDSCH) reception 
The UE would trigger transmission on the resource e.g. when it loses the current PDCCH beam(s) or some other triggering condition is fulfilled related to beam recovery initiation. Resource(s) may be associated to some configured PDCCH reception beam(s) the UE is having. This approach has a drawback requiring periodic UE dedicated resources in practice but may provide shorter recovery latency than random access based recovery procedure. However, usually the UE would be configured at least with SR resource during active periods to request UL-SCH resources which could also be used in this case without necessarily requiring dedicated resource only for beam recovery purpose. As a fallback mechanism, random access procedure could be performed if recovery is not successful or in case UE is not configured with dedicated signal or is not synchronized to uplink. 
Observation 2: Considering non-contention based mechanisms for beam recovery may speed up the beam recovery  
Proposal 6: Support UE event triggered UL signal (such as SR) based beam recovery procedures/actions in NR that can be configured by network

2.2.2 Recovery via random access procedure
Random access procedure may be used as fallback mechanism when the beam transmission cannot be recovered by other means but UE has detected potential beams in a current serving cell. In one option using RA-procedure UE indicates the strongest/adequate beam by sending msg1 on resource corresponding to specific set of beams or potentially on resource corresponding a specific beams (re-acquire serving cell DL and UL beams, as described in [5]). Network is able to detect the beam recovery e.g. based on the UE identity in msg3. When the beam has been re-established network may request UE to provide full beam feedback. Alternatively, as UE had measured the potential beams before initiating random access procedure network may request to provide beam information already in msg3.
Use of RA-procedure has a drawback of being dependent on RACH resource periodicity and prone to collisions and thus additional delay. 
Proposal 7: Consider beam recovery via random access procedure that provides initial beam acquisition, and acts as a fallback when beam transmission cannot be recovered by using other configured mechanisms.  
Triggering signals and procedures such as SR and RA-procedure are considered to be MAC layer functions thus it is considered that L2 involvement in beam recovery is needed
Observation 3: Triggering signals and procedures such as SR and RA-procedure are considered to be MAC layer functions thus it is considered that L2 involvement in beam recovery is needed
Proposal 8: Consider beam recovery schemes that involves L2 (MAC).

3	Conclusions 
In this contribution beam recovery was discussed. Based on discussion the following observations and proposals are made:
Observation 1: UE is able detect beam blockage/degradation on periodical cell specific beam CSI-RS signals 
Observation 2: Considering non-contention based mechanisms for beam recovery may speed up the beam recovery  
Observation 3: Triggering signals and procedures such as SR and RA-procedure are considered to be MAC layer functions thus it is considered that L2 involvement in beam recovery is needed

Proposal 1: Support the use of periodical cell specific beam CSI-RS signals on downlink for beam management in NR
Proposal 2: Support the use of periodical cell specific beam CSI-RS for UE initiated beam recovery in NR
Proposal 3: UE event triggered recovery actions should be based on the cell specific beam CSI-RS signals 
Proposal 4: Determine beam failure and need for recovery actions on measurements on beam reference signal(s) associated to beams configured for PDCCH reception   
Proposal 5: Support UE event triggered beam recovery procedures/actions in NR that are based on periodical cell and beam specific CSI-RS measurements.
Proposal 6: Support UE event triggered UL signal (such as SR) based beam recovery procedures/actions in NR that can be configured by network
Proposal 7: Consider beam recovery via random access procedure that provides initial beam acquisition, and acts as a fall back when beam transmission cannot be recovered by using other configured mechanisms.  
Proposal 8: Consider beam recovery schemes that involves L2 (MAC).
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