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1 Introduction

In RAN1 Ad Hoc Meeting for NR in January 2017, the following were agreed [1]:
· 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 paper, we discuss the definition/scenarios of beam failure and mechanism to recover from it. 
2 Definition of beam failure 
We first discuss the definition of beam failure. In LTE, when radio link failure (RLF) is declared by higher layer, the RRC re-establishment procedure is triggered followed by contention-based RACH procedure, and is time-consuming. In NR, with beam-based transmission, due to user mobility, rotation and blockage, the serving beam pair link (BPL) may fail in a smaller time scale, and mechanisms to recover from such beam failure are then needed, hopefully with lower latency than RRC re-establishment. 

In our view, beam pair links should be maintained at L1/L2 while radio link is at L3. In other words, multiple beam pair links may correspond to one radio link. In this way, the concept/event of beam failure should also be defined in L1/L2. To be specific, beam failure can be declared when the quality of one or more of beam pair link(s) which are currently in use falls below certain threshold. Note that when all the beam pair links and mechanisms to recover from beam failure have all failed, the conventional radio link failure will be triggered.
Proposal 1: Beam failure is defined in L1/L2 and it occurs when the quality of one or more beam pair link(s) currently-in-use is below a certain threshold, FFS the definition of the threshold in L1/L2.
3 Scenarios of beam failure
We then proceed to scenarios of beam failure. To start, when the same beam pair is used for DL and UL, they will fail simultaneously. Once DL/UL has failed, UE/TRP may infer that UL/DL has also failed. In addition, TRP may use wide-beam (thus lower beamforming gain) to transmit wide-band signal to serve several UEs in DL whereas a single UE may transmit power-boosted narrow-band signal in UL. In such cases, it is possible that only DL has failed. Furthermore, when the same beam pair is used for DL and UL, TRP could transmit with higher power than UE, with which the case with only UL failure is also possible.
To summarize, there are at least three scenarios to be considered for beam failure, shown in Figure 1: 1) Both DL and UL have failed; 2) Only DL has failed; 3) Only UL has failed.
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Figure 1. Different scenarios of beam failure
Proposal 2: Support at least the following scenarios for beam failure
· Both DL and UL have failed
· Only downlink has failed 
· Only  uplink has failed 
4 Mechanism to recover from beam failure 

Mechanism to recover from beam failure can be either NW-triggered or UE-initiated.

4.1 NW-triggered mechanism
For the case where only UL has failed, NW is able to detect beam failure before the UE does. NW-triggered recovery mechanism can be used in this case. For example, NW can configure a UE to transmit SRS or UL data over all of the previously maintained beam pair links by a dedicated control signalling. 
Proposal 3: Support NW-triggered mechanism to recover from beam failure.
It is expected that UE side may suffer more blockage than NW side. In this case, information on correlation among beam pair links (especially UE side beams) can help to improve the robustness against blockage.
For example, some pre-defined rules, e.g. low or high correlation with the serving beam pair link, can be set up for UEs to select beams. Such rules can be configured to UEs according to the scenario. To improve robustness against blockage, low-correlation beam pair links are preferred, while in mobility scenario, high-correlation beam pair links are preferred.
Proposal 4: Support beam pair link selection based on high/low correlation with a reference beam pair link.
In addition, a UE can report the spatial correlation between the candidate beam pair links and the serving one, and the NW can configure a UE to try the beam pair link with low correlation from the failed serving beam pair link. As can be expected, such reporting can enhance the performance of NW-triggered mechanism to recover from beam failure. 
Proposal 5: Support reporting of correlation between candidate beam pair links and a reference beam pair link.
4.2 UE-initiated mechanism
To deal with the case where both DL and UL have failed, dedicated RACH resources can be allocated for recovery purposes for RRC-connected UEs. As shown in Figure 2, NW can configure such RACH resources to UE. Such UEs can then perform RACH procedure when beam failure is detected (based on e.g., PDCCH/CSI-RS)  using the configured RACH resources. In addition, if a UE is configured with periodic SRS transmission, then it could transmit some pre-reserved or configured SRS sequence to indicate beam failure or request for beam switching.
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Figure 2. Dedicated RACH resource for recovery from beam failure
Proposal 6: Support configuring and monitoring of dedicated RACH and SRS resource/sequence to enable mechanisms to recover from beam failure.
5 Summary
The proposals in this paper are summarized as follows.
Proposal 1: Beam failure is defined in L1/L2 and it occurs when the quality of one or more beam pair link(s) currently-in-use is below a certain threshold, FFS the definition of the threshold in L1/L2.
Proposal 2: Support at least the following scenarios for beam failure
· Both DL and UL have failed
· Only downlink has failed 

· Only  uplink has failed 
Proposal 3: Support NW-triggered mechanism to recover from beam failure.
Proposal 4: Support beam pair link selection based on high/low correlation with a reference beam pair link.
Proposal 5: Support reporting of correlation between candidate beam pair links and a reference beam pair link.
Proposal 6: Support configuring and monitoring of dedicated RACH and SRS resource/sequence to enable mechanisms to recover from beam failure.
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