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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. In RAN1#88, the following was agreed [2]:

Agreements:
· 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: here the beam pair link is used for convenience, and may or may not be used in specification
· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH
· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 
· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH
· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH
· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded
· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE
· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH
· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 
· Note: the criterion for declaring radio link failure is for RAN2 to decide.
· FFS: The necessity of such indication
· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols

Agreements:
· The following mechanisms should be supported in NR:
· The UL transmission to report beam failure can be located in the same time instance as PRACH:
· Resources orthogonal to PRACH resources 
· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 
· FFS channels/signals 
· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH
· Consider the impact of RACH periodicity in configuring the UL signal to report beam failure located in slots outside PRACH
· FFS the signal/channel for the UL transmission
· Additional mechanisms using other channels/signals are not precluded (e.g., SR, UL grant free PUSCH, UL control)

This contribution discusses beam failure event detection, triggering condition of beam recovery request (RR), and region and signal for the beam RR.

Beam recovery procedure
In millimetre wave systems, a beam pair link(s) (BPL(s)) 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 BPL(s) misalignment between TRP(s) and UE. It was agreed in [2] that beam failure event (i.e., beam misalignment) occurs when the quality of BPL(s) of an associated control channel falls low enough. Once beam failure event is observed by UE, UE can attempt to recover the BPL(s) by sending beam RR signal.
Overall beam recovery procedure can be performed as the following steps:
· Step 1: UE detects BPL(s) failure
· Step 2: UE triggers beam switching by transmitting a UL RR signal using an alternative UE Tx beam.
· Step 3: TRP receives the UL RR signal using TRP Rx beam sweeping.

In Step 1, UE needs to constantly measure quality of a certain signal to detect BPL(s) failure. Once beam failure event occurs, it can trigger UE’s beam RR. More details of signal to detect beam failure event and beam recovery triggering condition will be further discussed in Section 3.

In Step 2, region for RR signal transmission need to be cell-specifically configured and the T/F resource in a RR region should be mapped to a specific TRP Rx beam to support TRP Rx beam sweeping. In Section 4, details of resources and signal design for beam RR are discussed.

Before beam RR chance (i.e., beam RR region), UE can try to change serving BPL via, for example, periodic reporting. If the BPL switching is performed before UE is available to send RR to TRP(s), the metric for triggering condition will be recalculated with an updated BPL(s). In Section 5, details of beam switching to update serving BPL before beam RR will be discussed.

Beam failure event and triggering condition for beam recovery
1.1  Signal to detect beam failure event
To detect beam failure event of control channel transmitting beam, UE needs to constantly monitor quality of a certain reference signal(s) which is associated with the BPL(s) configured to UE. For the high reliability on beam failure detection, it is highly preferred that RS(s) for beam failure detection on a certain BPL(s) is transmitted with the same TRP beam corresponds to the BPL(s) configured to UE. For example, a composite beam which can be used for SS block transmission may not be sufficient as a RS(s) for beam failure detection if the UE-specific control channel(s) is transmitted with a narrower (i.e., fine) beam. Moreover, the RS(s) for beam failure detection should be periodic to ensure consistent measurement accuracy. In these sense, periodic and cell-specific CSI-RS can be a good candidate for a beam failure detection RS. By utilizing periodic and cell-specific CSI-RS, while performing measurement to monitor beam failure, UE also can identify new potential beam(s) to replace the current BPL(s).
Proposal 1: NR supports periodic and cell-specific CSI-RS as a signal for beam failure detection. The cell-specific CSI-RS also can be used for identifying new potential beams to replace the current BPL(s).

1.2  Triggering condition for beam recovery request
When only one BPL is configured for control channel transmission to a UE, The beam RR can be triggered when the following conditions are met:
· Condition 1: Beam failure event on the serving BPL is detected. 
· Beam failure is declared when the beam quality measurement on the serving BPL is below a certain threshold, Trecovery, for certain time duration.
· Condition 2: There is another BPL which has better quality than the serving BPL for a certain amount, Δrecovery.
Meanwhile, when multiple BPLs are configured for control channel transmission to a UE for robust beam management support, sending RR on the RR region can be triggered when the following conditions are met:
· Alt 1:
· Condition 1: Beam failure event on all the configured (or monitored) BPLs is detected. 
· Beam failure is declared when the beam quality measurement on all the configured BPLs is below a certain threshold, Trecovery, for time T. 
· Condition 2: There is another BPL or other BPLs which have better quality than the quality of currently configured BPLs for a certain amount, Δrecovery.
· Alt 2:
· Condition 1: Beam failure event on the currently monitoring BPL among the configured BPLs is detected.
· Beam failure is declared when the beam quality measurement on the currently monitoring BPL is below a certain threshold, Trecovery, for time T.
· Condition 2: Beam RR region is available while monitoring the current BPL.
· Condition 3: There is another BPL other than configured BPLs which has better quality than the currently monitoring BPL for a certain amount, Δrecovery.
For the case of applying Alt 2, the beam failure of a certain BPL(s) can be reported by another BPL(s) which is currently connected with UE via e.g., UL control channel.
Proposal 2: The beam recovery request can be triggered when the following conditions are met:
· Condition 1: Beam quality of current BPL(s) is below a certain threshold for certain time duration.
· Condition 2: There is another BPL(s) which has better quality than serving BPL(s) for a certain amount.

Region and signal for beam recovery request
For beam RR reception at TRP(s), TRP Rx beam sweeping should be performed. Therefore, to minimize the beam sweeping overhead in the UL region, beam RR region should be located in the same time instance as PRACH. For a RR signal, a sequence type is reasonable rather than a message type considering that multiple UEs can utilize the same recovery T/F 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 basically synchronized to the network. Hence, FDMed beam RR region with PRACH is preferred since two different types of sequences will be used for RA and beam RR. 
Proposal 3: Recovery request region should be FDM with PRACH while located in the same time instance as PRACH.

For fast RR without any collision between UEs, allocating dedicate resource (i.e., T/F resource or sequence) in a RR region to each UE for beam RR is beneficial. However, in some cases, e.g., lots of CONN UEs in the cell, network can configure non-dedicated resource via higher layer signalling where contention-based beam RR is available.
Proposal 4: NR should support at least dedicate resource allocation to each UE for the beam recovery request.

To maximize the resource utilization, the RR region can be used for the multi-purposes: for both beam RR and scheduling request (SR). It can be also assumed that dedicate resource is allocated for SR to each UE for the fast SR, unless network configures the non-dedicate resource to UE. Two resource utilization alternatives for RR and SR in the RR/SR region can be considered: 
· Alt 1. Allocating same resource (T/F and sequence) for RR and SR to UE 
· Alt 2. Allocating difference resources (T/F or sequence) for RR and SR to UE 
With Alt 1, it is available to allocate dedicate resource for RR/SR to more UEs compared to Alt 2 since the same resource is used both for RR and SR. That means, more UEs can perform RR/SR without any collision. For Alt 1, the purpose of UE’s request needs to be delivered after receiving response to the request message from TRP. Meanwhile, dynamic indication in request response message from TRP is available for Alt 2 since the UE’s request purpose is clear based on the request resource UE utilizes. The dynamic indication may include reporting triggering message regarding UE’s preference on new potential BPL(s). 
Proposal 5: Down-selection of following alternatives on resource utilization for recovery request and SR:
· Alt 1. Allocating same resource for recovery request and SR
· Alt 2. Allocating different resource for recovery request and SR

Beam update before beam recovery request
Beam failure recovery mechanism can be UE-triggered (per RAN1 agreement). The UE can recognize a beam failure event based on measuring some downlink RS, control channel and/or data channel. One example for beam failure recognition is that the UE detects very low RSRP of the current serving beam based on the measurement of downlink RS used for beam management. If beam failure is recognized, the UE can notify the NW of this event through some uplink transmission. Then the gNB can act accordingly. The gNB can request the UE to switch to another beam. The gNB can configure some aperiodic beam reporting to the UE to obtain new beam reporting. One limitation of this approach is the beam recovery procedure is activated only after the beam fails. If the coverage beam fails, no downlink connection might be available for the gNB to signal the UE to switch new beams or report some new beam state. Thus radio link failure can occur to trigger the RRC connection re-establishment. So it is desired that the gNB and the UE can switch to a new beam before the current beam totally fails to avoid radio link failure. Some proactive recovery mechanism is therefore necessary.
One proactive mechanism is that the UE monitors the serving beam and reports the quality information of serving beam to the gNB periodically. Based on the periodical beam quality report, the gNB can obtain a continuous monitoring on the serving beam and can predict the variation of serving beam. When the current serving beam is getting worse, the gNB can configure the UE to switch to a new beam before the serving beam is totally lost. The UE can monitor the quality of current serving beam based on measuring downlink RS for beam management, for example periodic CSI-RS. The periodic CSI reporting of beam quality information can be low-resolution beam quality to minimize overhead, e.g., low resolution beam RSRP. 
Such periodic CSI report on beam quality information would be useful to support UE mobility in multi-beam based system. When the UE moves in a multi-beam based system, the coverage beam can change gradually. Based on the periodic reporting, the gNB can switch the coverage beam for the UE smoothly without connection loss.
Proposal 6: NR supports the UE sends a periodic CSI reporting with beam quality:
· The periodic CSI reporting is “lightweight”;
· The UE monitors and reports the beam quality on a downlink RS used for beam management (e.g. periodic CSI-RS);

[bookmark: _GoBack]Conclusions
The proposal of this contribution is summarized below:
Proposal 1: NR supports periodic and cell-specific CSI-RS as a signal for beam failure detection. The cell-specific CSI-RS also can be used for identifying new potential beams to replace the current BPL(s).
Proposal 2: The beam recovery request can be triggered when the following conditions are met:
· Condition 1: Beam quality of current BPL(s) is below a certain threshold for certain time duration.
· Condition 2: There is another BPL(s) which has better quality than serving BPL(s) for a certain amount.
Proposal 3: Recovery request region should be FDM with PRACH while located in the same time instance as PRACH.
Proposal 4: NR should support at least dedicate resource allocation to each UE for the beam recovery request.
Proposal 5: Down-selection of following alternatives on resource utilization for recovery request and SR:
· Alt 1. Allocating same resource for recovery request and SR
· Alt 2. Allocating different resource for recovery request and SR
Proposal 6: NR supports the UE sends a periodic CSI reporting with beam quality:
· The periodic CSI reporting is “lightweight”;
· The UE monitors and reports the beam quality on a downlink RS used for beam management (e.g. periodic CSI-RS);
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