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Introduction
The UE initiated recovery from beam failure has been discussed during RAN1#88 meeting with the following agreements [1]:
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)

In this paper, we will focus on the UL transmission to report the beam failure, including the signaling resource, content and signaling method of beam recovery request signal transmission.

Discussion
1.1 Signaling resource
If the resource used for UL beam failure reporting is related to PRACH resources, it was agreed in the last meeting that the resource could be orthogonal to PRACH in a TDM manner, and when it is in the same time instance as PRACH, FDM to achieve orthogonality is FFS. However, for CDM, reusing the PRACH resource for beam recovery request signal transmission, even if sequences are orthogonal, will still influence detection at gNB and the number of accessing UEs due to the limited number of orthogonal sequences under a certain length.
Observation 1: If the time/frequency resource used for UL beam failure reporting is related to PRACH resources, it should be orthogonal to PRACH in TDM or/and FDM manner.
[bookmark: _GoBack]If grant free PUSCH was reused, the relatively high collision probability would make it more difficult for gNB to successfully receive the beam recovery signal. Also extra latency and UE power consumption are introduced, or possibly even the L3-based radio link failure procedure is triggered. This violates the original intention for supporting efficient UE initiated beam recovery.
Another option could be utilizing UL control channel to transmit the beam recovery request signal, in which perhaps 1 bit flag should be introduced to distinguish the function whether it is for CSI/beam reporting or beam recovery request. On the other hand, when collisions happen, high priority should be given for beam recovery transmission on UL control channel due to the urgent time requirement. Hence collisions will affect the original UL control transmission. In addition, usually UL control is UE-specific, hence omni-directional reception of UL control may be a problem for gNB.
Observation 2: Reusing grant free PUSCH and UL control to report beam failure is not recommended.
Based on above analysis and observations, we have the following proposal:
Proposal 1: The dedicated resource, orthogonal to PRACH in FDM manner at the same instance or in TDM manner, is configured for beam recovery request signal transmission.
Similar to PRACH/PUCCH resource configuration, the resource for beam recovery request signal transmission could be configured by RRC. Considering that the transmission of beam recovery signal is UE-specific, MAC/CE or DCI could also be employed to activate the resource. For example, when UE frequently reports beam failure, the resource periodicity could be set smaller to ensure that the beam pair link could be quickly re-established. The combination of RRC and MAC CE or DCI may be a good trade-off between performance and overhead, where RRC will signal multiple sets of configurations while MAC/CE or DCI will dynamically activate a subset thereof.
Proposal 2: The resource for beam recovery request signal transmission is configured by the combination of RRC signaling and MAC or PHY signaling.
1.2 Beam recovery request signal
In addition to informing gNB of the beam pair link failure, the beam recovery request signal should also have the capability of recommending candidate beams to gNB. For the case where UE is moving, recommending multiple candidate beams to gNB could be a good choice to avoid frequent UE reporting.
Proposal 3: Beam recovery request signal supports the capability of recommending  beams to gNB.
The beam recovery request signal should be associated with the signals configured for identifying new potential beams by UE. Signals such as RS for beam management, RS for fine timing/frequency tracking, SS blocks, DMRS of PDCCH (including group common PDCCH and/or UE specific PDCCH), and DMRS for PDSCH could be used and the association could make the gNB aware of the beams recommended by UE. For example, a beam conveyed by a signal configured for identifying new potential beams could be associated to a beam recovery request signal via a combination of different cyclic shift values, different time/frequency resource, and root sequence.
Observation 3:  A candidate beam conveyed by a signal configured for identifying new potential beams could be associated with a beam recovery signal via a combination of different cyclic shift values, different time/frequency resource, and root sequence.
Conclusion
In this contribution, we mainly focus on two issues: time/frequency resource used for beam recovery request signal transmission, beam recovery request signal with the following observations and proposals:
Observation 1: If the time/frequency resource used for UL beam failure reporting is related to PRACH resources, it should be orthogonal to PRACH in TDM or/and FDM manner
Observation 2: Reusing grant free PUSCH and UL control to report beam failure is not recommended.
Observation 3: A candidate beam conveyed by a signal configured for identifying new potential beams could be associated with a beam recovery signal via a combination of different cyclic shift values, different time/frequency resource, and root sequence.
Proposal 1: The dedicated resource, orthogonal to PRACH in FDM manner at the same instance or in TDM manner, is configured for beam recovery request signal transmission.
Proposal 2: The resource for beam recovery request signal transmission is configured by the combination of RRC signaling and MAC or PHY signaling.
Proposal 3: Beam recovery request signal supports the capability of recommending  beams to gNB.
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