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Introduction
In the RAN1 #86bis meeting, the following agreements regarding beam recovery have been achieved [1].
Agreements: (RAN1#86bis) 
· 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. 
In the RAN1#87 meeting, event-driven UE initiated UL transmission was discussed, and following agreements were reached [2].
Agreements:(RAN1#87) 
· 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 
In RAN1 NR Adhoc meeting, UE initiated beam recovery was agreed [3]:
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 this contribution, further considerations on mechanism to recover from beam failure will be discussed.
Discussion
Beamforming in high frequency band or system with large antenna array is highly sensitive to UE movement, rotation and blockage. Due to these factors, beam quality of current serving beam could degrade to a degree that UE (TRP) could not decode DL (UL) signals/channels. This is referred to as DL (UL) beam failure. Note that the situation that current serving beam is not the optimal beam can be regarded as a special type of beam failure. 
As it has been agreed to support using same or different beams for control channel and the corresponding data channel, the failure of DL signals/channels may be caused by failure of beam for control channel or failure of beam for data channel. For the case of failed data channel, as the control channel still works, it can be simply recovered by sending a command on the control channel to indicate UE to change to a new beam. Therefore, in this contribution, we focus on the cases that beam for control channel fails and beams for both control channel and data channel fail.
In system utilizing beam correspondence, the UL beam can be derived from DL beam and vice versa. Therefore, if beam failure happens both UL and DL beams fail at the same time in such system. But in system without beam correspondence, it is possible that only the DL beam fails, or only UL beam fails, or both DL and UL beams fail.
When beam failure occurs, UE or gNB can initiate a procedure to recover from failure. For DL, UE has complete knowledge about the state of current serving beam. It is beneficial for UE to initiate the recovery for DL. On the other hand, gNB can also trigger the recovery of DL beam if gNB figures out that the current serving beam does not work, e.g., by observing the HARQ-ACK/NACK feedback or measuring uplink signals/channels. For the same reason, gNB could initiate the recovery for UL beam. 
UE initiated beam recovery
UE initiated recovery from failed beam generally involves the following steps:
Step1: UE recognizes failure of DL and/or UL beam.
If RS for beam management (e.g., RS for P-1) are periodically transmitted, UE could track the quality of current serving beam and make preparation for an alternative beam if current serving beam is found to degrade. Periodic beam management RS may lead to large system overhead especially when the number of beam is large. If no periodic beam management RS is sent, gNB could send a periodic (or semi-persistent) RS for beam quality monitoring. The RS is transmitted on current serving beam(s), the number of which can be significantly smaller than the number of beams involved in beam management procedure. UE measures the strength of the received signal of the RS, if the signal level goes below certain threshold, the UE can recognize that current serving beam fails. Thus CSI-RS transmitted for CSI acquisition can be reused for beam quality monitoring.
The criterion for UE to trigger beam recovery could be specified based on the measurement results, e.g., if the measured RSRP is lower than X dBm for Y milliseconds, UE triggers beam recovery procedure. The values of X and Y needs further study. 
Other criteria of triggering can also be considered, such as if UE sends SR for X times but cannot receive a UL grant, the UE can trigger beam recovery for UL beam.
Proposal 1:
· UE monitors the quality of current serving beam based on periodical or semi-persistent RS.
Step2: UE sends beam recovery request to gNB. 
The request is to indicate gNB that current DL and/or UL serving beam does not work and switching to a new beam is required. In addition, the request can also carry the information of a recommended new beam.
As current UL beam may already have failed, the request shall be transmitted in a robust way to ensure that it can reach the gNB. If a new UL Tx beam is available, the request can be transmitted with the new Tx beam. Since gNB has no knowledge of this new Tx beam, it may need to try different Rx beam to receive the request, i.e., Rx beam sweeping is necessary. If the new UL Tx beam is not available yet, the request may need to be sent over multiple Tx beams, i.e., Tx beam sweeping is also necessary. In this case, gNB needs to perform Rx beam sweeping as well.
Time frequency resource for the request is explicitly configured by gNB as agreed in RAN1 NR Adhoc meeting. It is dedicatedly allocated to a UE or a group of UEs. Scheduling request (SR) and PRACH can be a starting point to design the channels/signals to carry the request. 
Step3: gNB detects the beam recovery request.
gNB continuously monitors the resources allocated to beam recovery request. Once a request is detected, gNB tries to recover from the failure.
Step4: gNB takes actions to recover from beam failure.
If a request is successfully detected by gNB, the actions the gNB can take depend on whether the gNB has a new Tx beam already. If the new Tx beam is available, gNB can simply issue a beam switching indication (the indication can be in the form of QCL assumption). Beam switching indication includes the identity of the new Tx beam to use, and perhaps the indication of when the new beams takes effects at gNB and/or UE. But if the new beam is not available, gNB needs to trigger beam measurement and reporting and sends RS for beam management. UE measures the RS and reports information regarding the measured beam. For the recovery of UL Tx beam, gNB will trigger UE to send UL RS for determination of UL Tx beam. Based on the measurement results, gNB decides the beam to use by UE and sends beam switching indication to UE. 
As the DL beam may already have failed, how to send the indication reliably through downlink control channel shall be considered carefully, and would be discussed in detail in next section.
 Network initiated beam recovery
Network initiated recovery from failed beam generally involves the following steps:
Step1: gNB recognizes beam failure of either DL or UL beam.
Identification of beam failure at gNB could be realized by observing the response of UE to the DL signals/channels. For example, gNB scheduled and transmitted DL data but received no HARQ-ACK/NACK feedback for certain times. From this phenomenon gNB can infer that DL beam for control channel or the UL beam might have failed. If gNB sends UL grant to UE, but no UL transmission is detected, gNB can also know that either DL beam of control channel or beam of UL channel has failed. Other UL signals/channels are also helpful in determining the state of current serving beam, e.g., gNB triggers aperiodic CSI/beam measurement, but received no reporting. When beam reciprocity is applicable, gNB can measure the signal strength of UL channels/signals, if the signal strength is below certain threshold, then DL/UL beam of the link can be regarded as failed. 
As discussed above, gNB has various methods of determining the state of current serving beam, and it is the gNB’s responsibility to maintain the quality of the link. It is not necessary to specify the criterion for gNB to initiate beam recovery procedure and it can be left to implementation.
Step2: gNB sends command of beam recovery to UE. 
The command could be: 1) Beam switching indication if new beam is already known at gNB; 2) Triggering of beam measurement and reporting when new beam is not readily available.
The indication from gNB to UE could be carried by MAC CE or physical layer control channel. As the gNB already identifies the beam failure, the current serving beam of control channel may have failed as well. How to transmit the recovery command reliably should be considered carefully. Several options can be considered:
· Alt-1: Use new Tx beam for control channel if available. 
If the new beam for control channel is uncorrelated with current serving beam, the new Tx beam may work. The gNB can try to use this new Tx beam to reach UE. UE shall be configured in advance so that UE knows when and where to receive the control channel with a Tx beam different from current serving beam. If beam switching indication is sent, it can be used for changing Tx beam of control channel as well as Tx beam of data channel.
· Alt-2: Use transmission scheme with high robustness.
For example, transmit diversity scheme, wide beam transmission, or even beam sweeping could be used.
· Alt-3: Use UE recommended Tx beam conveyed in the beam recovery request.
This is actually for UE initiated beam recovery. When gNB received a UE’s request, gNB needs to send a DL command to continue the beam recovery procedure. The first two alternatives can of course be used in this case. In addition, if a new Tx beam is recommended by UE, the new Tx beam can be used for the transmission of DL control channel.
The beam recovery command may also indicate the configuration of RS for beam measurement and resource for reporting of the measurement results together with triggering information signal. Based on the reported measurement results, gNB can decide which beam to use and send the beam switching indication to UE. For UL beam recovery, gNB shall trigger UE to send UL RS for determination of UL Tx beam.
Step3: UE receives beam recovery command and follows instruction of gNB.
The actions the UE can take including changing to new Tx(Rx) beam, measuring DL RS for beam management and reporting the measured results, or sending UL RS for beam management.
Conclusions
In this contribution, both UE-initiated and network-initiated beam recovery procedures are discussed. Based on the discussion we have the following proposals:
Proposal 1:
· UE monitors the quality of current serving beam based on periodical or semi-persistent RS.
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