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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. In RAN1#AH1, the following was agreed [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

This contribution discusses trigger condition and procedure for beam recovery.

Beam recovery procedure
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, the 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. To overcome the beam misalignment, it is agreed in NR to support beam recovery which is triggered by UE.
Overall beam recovery procedure can be performed as the following steps:
· Step 1: UE detects beam link failure (i.e., beam misalignment).
· Step 2: UE triggers beam switching by transmitting a UL recovery request signal using an alternative UE Tx beam.
· Step 3: TRP receives the UL recovery request signal using TRP Rx beam sweeping.

Before beam recovery request chance (i.e., beam recovery resource), UE can try to change beam pair link (BPL) via, for example, periodic reporting of preferred beam information. If the BPL switching is performed via regular beam reporting before UE is allowed to send recovery request to TRP(s), the metric for triggering condition will be recalculated with an updated BPL.

In Step 1, detecting a beam link failure can be interpreted to be the triggering condition to start UE initiated beam recovery. These triggering conditions are discussed in our past contribution [3] and will be further discussed in Section 3.

In Step 2, as captured in the agreements, resources for UL transmission of signals for recovery purpose need to be cell-specifically configured and the resource should be mapped to a specific TRP Rx beam to support TRP Rx beam sweeping, which allows the TRP to have a suitable TRP Rx beam paired with the UE Tx beam. In Section 4, details of resources and signal design of beam recovery request is discussed.

Triggering condition for beam failure recovery
In this section, detailed triggering condition of beam failure recovery is discussed. The beam failure recovery can be triggered when the following two conditions are met:
· Condition 1: Serving beam is misaligned.
· Condition 2: There is another beam which has better quality than serving beam.

The first condition can be defined as follows:
· Alt 1. The beam quality measurement on ‘serving beam’ (e.g., RSRP) is below a certain threshold, Trecovery.
· Alt 2. The RLM result of ‘serving beam’ (e.g., hypothetical PDCCH block error rate of the serving beam) is below a certain threshold, Trecovery.
The second condition can be defined as follows:
· Alt 1. There is at least one beam in the cell whose beam quality (e.g., RSRP) is better than that of ‘serving beam’ for a certain amount, Δrecovery.
· Alt 2. There is at least one beam in the cell whose quality based on RLM result is better than that of ‘serving beam’ for a certain amount, Δrecovery.

Proposal 1: The beam failure recovery can be triggered when the following two conditions are met:
· Condition 1: Beam quality of serving beam is below a certain threshold.
· Condition 2: There is another beam which has better quality than serving beam for a certain amount.

Resource and signal for beam recovery request
For beam recovery of DL beam, UE needs to decide a BPL that UE wants to use for recovery. Therefore, the resources for recovery transmission need to be mapped to a specific TRP Rx beam. In this sense, utilizing RACH slot (duration) for beam recovery can be a good way as multi-beam sweeping is performed in the RACH slot. 
In the RACH slot, RACH resource which is normally utilized for initial access can be also used for beam recovery request. Two approaches for utilization of RACH sequences in RACH region are summarized as follows:
· Approach 1. Sequences for RACH can be used both for initial access UEs and beam recovery request UEs. In this case, Msg3 is responsible to convey the random access purpose of UE (e.g., beam recovery request, initial access, or scheduling request (SR)) for the clarification. As whole RACH procedures should be performed, it takes long time to UE to recover BPL.
· Approach 2. Allocate dedicate sequence which is used for beam recovery request for each UE. In this case, shortage of sequences can be frequently occurred as cyclic shift of RACH sequences is large to support asynchronized UEs.

As another option, regions other than RACH resource can be used for the beam recovery request purpose. In this case, the beam recovery region will be FDM with RACH resource to minimize TRP Rx beam sweeping instances. For a recovery request signal, a sequence type is reasonable rather than a message type considering that multiple UEs can utilize the same recovery resource simultaneously which is corresponding to a certain TRP Rx beam. Cyclic shift of beam recovery sequences would be much smaller than that of RACH sequences since UEs are synchronized. In this sense, utilizing dedicated sequences for beam recovery request for the fast beam recovery is more feasible than allocating dedicated RACH sequences for UEs. Drawback of this option is that beam recovery region can be wasted when there are no much beam recovery requests from UEs. To maximize the resource utilization, the regions can be used for the multi-purposes: for both beam recovery request and SR.

Proposal 2: Down-selection of following alternatives on resource for UL transmission of signals for recovery purpose:
· Alt 1. Share resources with initial access UEs
· Alt 2. Utilizing resources other than resources for initial access UEs
· The resources for beam recovery request need to be FDM with resources for initial access UEs. 
· Resources for beam recovery request can be used for multi-purposes (e.g., both beam recovery and SR)
Proposal 3: NR should support sequence type beam recovery request signal:
· Alt 1. Dedicated sequence
· Alt 2. Non-dedicated sequence

Conclusions
The proposal of this contribution is summarized below:
Proposal 1: The beam failure recovery can be triggered when the following two conditions are met:
· Condition 1: Beam quality of serving beam is below a certain threshold.
· Condition 2: There is another beam which has better quality than serving beam for a certain amount.
Proposal 2: Down-selection of following alternatives on resource for UL transmission of signals for recovery purpose:
· Alt 1. Share resources with initial access UEs
· Alt 2. Utilizing resources other than resources for initial access UEs
· The resources for beam recovery request need to be FDM with resources for initial access UEs. 
· Resources for beam recovery request can be used for multi-purposes (e.g., both beam recovery and SR)
Proposal 3: NR should support sequence type beam recovery request signal:
· Alt 1. Dedicated sequence
· Alt 2. Non-dedicated sequence
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