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Introduction
In RAN #75, the NR WID [1] has been approved and its scope covers the agreements made during NR SI which have been captured in TR 38.912. The following has been captured in the TR 38.912 for beam recovery triggered by UE when beam failure event occurs [2]:
NR supports that UE can trigger mechanism to recover from beam failure. 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 that here the beam pair link is used for convenience, and may or may not be used in specification. Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose. Configurations of resources are supported where the base station is listening from all or partial directions, e.g., random access region. The UL transmission/resources to report beam failure can be located in the same time instance as PRACH (resources orthogonal to PRACH resources) or at a time instance (configurable for a UE) different from PRACH. Transmission of DL signal is supported for allowing the UE to monitor the beams for identifying new potential beams.
In this contribution, we discuss on details of beam recovery mechanism for NR.
Discussions
The beam failure has been defined for the case when the quality of beam pair links (BPLs) of an associated control channel is lower than a threshold in which a UE may not receive the control signal. Therefore, a UE can trigger beam recovery procedure to see if any other beams in the same TRP or a different TRP can provide better performance.
At least two types of search space will be supported for NR-PDCCH and the BPLs may be different according to the search space type. For example, the common search space could have multiple beams and/or wider beamwidth as the control channel should be shared by multiple UEs while a UE-specific search space could have smaller number of beams and/or narrower beamwidth. Since beam recovery is required when a UE losts the control channel coverage, it seems straightforward to consider beam failure when the signal quality of the common search space is lower than a threshold assuming that the common search space is more robust to blocking and/or UE rotation. Alternatively, the beam failure occurs when the signaling quality of both UE-specific and common search spaces is lower than a threshold.
Proposal 1: a UE sends beam recovery signal to trigger beam recovery if the signal quality of NR common search space is below a threshold.
When beam failure occurs, a UE is not able to receive any downlink control channel as its serving BPLs are in out-of-coverage, therefore it may not receive any signal until it recovers beams. This may result in latencies for delay sensitive traffics which is not desirable. Therefore, in order to keep the connectivity or minimize the latency due to beam recovery, a fallback transmission scheme (or mode) can be introduced and used during beam recovery procedures. For example, a time window (e.g., subframe(s)) can be configured for the fallback operation where the common search space can be associated with all beams so that a UE still can receive a DCI at least in one of the beams 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 beam failure.
[bookmark: _GoBack]This fallback transmission scheme (or mode) based beam recovery can be triggered by a UE when beam failure occurs or a gNB can use 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.
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.

[image: ]
Figure 1. An example fallback TTI for beam recovery
Proposal 2: a fallback scheme (mode) is used for common search space and monitored during beam recovery procedures.
Proposal 3: introduce a fallback time window where UE monitors a common search space with beam sweeping.
Conclusion
In this contribution, we discuss the considerations on beam recovery, and propose the following: 
Proposal 1: a UE sends beam recovery signal to trigger beam recovery if the signal quality of NR common search space is below a threshold.
Proposal 2: a fallback scheme (mode) is used for common search space and monitored during beam recovery procedures.
Proposal 3: introduce a fallback time window where UE monitors a common search space with beam sweeping.
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