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Introduction

During RAN1#86bis, RAN1 discussed and agreed to study the beam recovery procedure as in [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.

In this contribution, we discuss beam recovery mechanism with beam reciprocity for multi-beam based systems.

Beam Recovery and Radio Link Failure

In millimetre wave systems, a beam misalignment between TRP(s) and UE may happen due to sudden channel fluctuations, unexpected obstacle interruptions, UE rotation and so on. In this case, a UE cannot decode any DL signals and/or TRP(s) cannot decode any UL signals due to the beam misalignment between TRP(s) and UE. If these kinds of failure are repeated, UE will consequently fall into radio link failure (RLF). In this case, UE should try initial access and random access again. It will lead to the increase of latency for data communication.
However, if UE has the alternative/feasible beam(s) to replace the current misaligned beam(s) based on the past beam measurement, there is a chance to avoid RLF caused by beam misalignment. This beam recovery procedure will be triggered by UE because UE can have the most recent beam measurement result.
If UE detects the beam misalignment and has alternative/feasible beam(s), UE can try to access based on the alternative/feasible beam. Since TRP(s) cannot determine a corresponding Rx beam to receive beam recovery signal from UE, TRP(s) may sweep Rx beam to receive the recovery signal. Then, if the access is successful, the alterative beam(s) can be used for data transmission and reception. Compared to normal procedure after RLF (i.e. initial access and random access), it can be interpreted as a faster recovery track before falling into RLF. Therefore, beam recovery should be defined and studied to avoid the frequent RLF caused by misalignment. 

Beam Recovery Mechanism

Overall beam recovery can be performed the following step: 
1) UE detects a beam misalignment.  
2) UE may trigger a beam recovery via transmitting a beam recovery related UL signal based on the alternative UE beam.
3) TRP may/may not receive the beam recovery related UL signal using the alternative TRP beam. 
A. If the beam recovery related UL signal is received at TRP, beam recovery is successful. 
B. If the beam recovery related UL signal is not received at TRP, UE may fall into RLF. 
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In Step 1, detecting a beam misalignment can be interpreted to the triggering condition to start beam recovery procedure from UE perspective. In the multi-beam systems, RLF may also be triggered when UE detects a beam misalignment. Regarding beam recovery and RLF triggering, RAN2 should define the condition to trigger beam recovery and/or RLF. The beam misalignment and beam recovery/RLF triggering condition are discussed in our companion contribution [2].

In Step 2, as captured in the agreement, we can consider RACH preamble sequence, UL reference signal and so on. When transmitting beam recovery related UL signal using alternative UE beam, TRP cannot know which TRP Rx beam is suitable to receive beam recovery related UL signal. Thus, a specific time/frequency resources to receive beam recovery related UL signal would be mapped to TRP Rx beams such as random access resources considered in current NR systems. In other words, beam recovery resource associated with TRP beams is necessary to deliver the alternative TRP beam from UE to TRP. The random access resource may be reused for beam recovery or new beam recovery resource may be considered. 

Observation 1:
· Beam recovery resource associated with TRP Rx beams is necessary to indicate the alternative TRP Tx beam from UE perspective.

Proposal 1:
· To provide recovery mechanism from beam misalignment, the beam recovery resource associated with TRP Rx beams should be supported.
· Alt 1. Random access resource
· Alt 2. New beam recovery resource
· Other alternatives are FFS.

Conclusions

The proposals and observation in this contribution are summarized below:

Observation 1:
· Beam recovery resource associated with TRP Rx beams is necessary to indicate the alternative TRP Tx beam from UE perspective.

Proposal 1:
· To provide recovery mechanism from beam misalignment, the beam recovery resource associated with TRP Rx beams should be supported.
· Alt 1. Random access resource
· Alt 2. New beam recovery resource
· Other alternatives are FFS.
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