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Introduction
In RAN1 meeting #86bis, a WF on beam recovery has been agreed to support mechanism(s) in case of link failure and/blockage for NR as below [1]:   
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.

Furthermore, the following agreements on Beam Recovery in multi-beam NR systems were reached in the previous RAN1 NR-Adhoc Meeting [2]: 
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, we discuss the considerations on beam recovery for NR.
Discussions
In the current discussions of NR beam management, the use of narrow beams for TRP and UE radio link is considered. One potential issue of narrow beam is that it is likely to be blocked by some nearby objects. For example, a passing vehicle or human being could easily block certain narrow beam. 
Another potential issue of narrow beam is it is very sensitive to UE rotational motion. As UE rotation could dramatically change the arrival and departure angles of UE’s radio link, the existing beam pairs between TRP and UE could easily degrade the link quality. The link quality of the existing narrow beam pairs between TRP and UE may also be ruined by UE movement due to the environment change.
To address these issues related to narrow beam, beam direction switch scheme could be applied. Here, both TRP and UE may need to tune their antennas to a different direction to achieve a better link. The beam direction switch process may involve some measurements and signaling between TRP and UE so that both of them synchronize on the beam switch direction and timing. The beam measurement and synchronization between TRP and UE could lead to large delay. One possible way to reduce this delay is to have TRP and UE store several back-up beam directions. In case one beam is blocked, both TRP and UE could by some rules switch to a different pair of beam directions. Other fast beam direction switch techniques are also desirable. 
The abovementioned schemes to address dynamic blockage, UE movement and rotation may be considered as a fallback transmission scheme (or mode) which can be used during a beam-pair recovering procedure (e.g., P-2 or P-3 defined in [3]) when paired beams are mismatched. This is similar to the fallback transmission scheme used in LTE during RRC reconfiguration ambiguity period. Due to the limitation of multiple beams generation in analog and hybrid beamforming, a specific time resources (e.g., TTIs) can be reserved for the fallback operation.
Proposal 1: consider to introduce a fallback transmission scheme (or mode) for a beam-pair recovering procedure in case of link failure.
A link failure in beam-centric system can be defined as link quality of a DL control channel in a common search space as similar to that in LTE. Therefore, a fallback transmission scheme (or mode) may be introduced to keep the connectivity of DL control channel common search space. For example, a time window (e.g., subframe(s)) can be configured for fallback operation where the common search space can be associated with multiple beams so that a UE still can receive a DCI at least in one of the beam in that time window.
Since the beams for common search space will be swept during the time window for fallback operation, a UE may report the beam index (or beam related information) to a gNB after the successful reception of a DCI during the fallback TTIs. Based on the UE reporting, the gNB can adapt beam to recover from the link failure.
This fallback transmission scheme (or mode) based beam recovery can be considered as a network-triggered beam recovery as the fallback transmission scheme is used only when a gNB detected that downlink beam pair links for DL control channels are all blocked or mismatched. For example, if a gNB received DTX a couple of times after DL or UL scheduling, the gNB can detect that the control channel is in out of coverage and trigger beam recovery using a fallback transmission scheme.
The Figure 1 shows an example of fallback TTI where beam sweeping of control channel is used as a fallback transmission scheme. The associated DL data can be also supported to minimize the delay during beam recovery procedure.
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Figure 1. An example fallback TTI for beam recovery
Proposal 2: network-triggering based beam recovery is also supported as well as UE-triggering based beam recovery.
Proposal 3: consider to introduce a fallback time window where UE monitors a common search space with beam sweeping to use fallback transmission scheme.
In LTE, if the radio link failure (RLF) is declared, a UE should try to reconnect with an RRC Connection Re-establishment. If the RRC connection reestablishment fails, then the session will be dropped. 
In multi-beam NR systems, beam quality degradation due to UE mobility, rotation and blockage could happen frequently and randomly, which could result in radio link failure as the coverage is significantly degraded if a beam pair link is mismatched or blocked. In order to prevent a frequent radio link failure with RRC Connection Re-establishment that results in latency and throughput impacts, a quick beam recovery mechanism such as beam switching can be used to avoid unnecessary the burden and communication interruption associated with the entire initial acquisition procedure. Therefore, a UE-triggered beam recovery should be used at least before a UE declares an RLF to address the case that out-of-sync is occurred mainly due to a beam mismatch.
Proposal 4: consider to use a beam recovery trigger mechanism before a UE declares an RLF.
Conclusion
In this contribution, we discuss the considerations on beam recovery, and propose the following: 
Proposal 1: consider to introduce a fallback transmission scheme (or mode) for a beam-pair recovering procedure in case of link failure.
Proposal 2: network-triggering based beam recovery is also supported as well as UE-triggering based beam recovery.
Proposal 3: consider to introduce a fallback time window where UE monitors a common search space with beam sweeping to use fallback transmission scheme.
Proposal 4: consider to use a beam recovery trigger mechanism before a UE declares an RLF.
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