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Introduction
In RAN #88 [1], the following agreements were made

R1-1703988 	WF on Mechanism to Recover from Beam Failure	 
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

	
Discussion
In the previous RAN meeting, the agreement on beam recovery left open the specifics of the mechanism used for beam recovery. In particular, following mechanisms needed to be defined in more detail.
· Mechanism to identify that a UE is in a state of beam failure, and signals configured for beam failure detection
· Mechanism to identify new beam(s) to recover from the failure and signals to indicate new beams

In this contribution we describe the possible options for each of the steps, their merits and drawbacks and proposals.
While in general the DL control beams and the UL control beams may not be the same, there are many significant cases (UE and gNB reciprocal systems) where they may be the same and further optimization possible.
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Figure 1: Possible control beams currently maintained by UE/gNB and other existing beams

Mechanism and signalling to identify beam failure 
The principal problem is to identify when the gNB/UE do not have any beam-pairs or links to be able to communicate. Being able to send and receive control is a key step in maintaining the beam-pair-link, and the identification of the failure of the PDCCH beam and/or the PUCCH beam is equivalent to identifying beam failure. 
If the PDCCH beam (or beams) failed, the UE has no ability to obtain any commands/control from the gNB. The UE could use one of the following techniques to identify the loss of PDCCH.
1. Time-out based method: The UE may assume that if it did not receive any PDCCH from the base-station within a time window, the DL control beam has failed. While this method may not require any additional signalling, the UEs that do not get scheduled very often may unnecessarily invoke the beam recovery. Alternately, if the UEs are periodically sent some DCI, it would lead to wasted control channel capacity as the DCI would have to be periodically sent to even UEs with no scheduled data (and the beamformed nature of the channel would imply that the same symbol/port cannot be shared efficiently)

2. Observing a periodic reference signal:  The UE may observe some periodic reference signal that may be QCLed with the PDCCH beam. The UE may observe and measure this RS and determine if the DL PDCCH beam would be strong or not.  A potential drawback is if the PDCCH beam were to be changed, the periodic reference signal may no longer faithfully represent the PDCCH beam.  However, if the set of periodic reference signals (e.g. periodic CSI-RS for P1 procedure) is a common RS, the overhead may be reduced, and the deviation between PDCCH beam and RS can be small.

Similarly, if the PUCCH beams had failed, multiple options are possible at the gNB side to determine the loss of the PUCCH beam. UL reference signals (such as SRS) may be QCLed with the PUCCH beam or time out (of ACK or other UL transmissions) based approaches may be utilized. The tradeoffs are similar.
Proposal 1:  gNB can identify/initiate PUCCH beam recovery by measuring SRS QCL with PUCCH Tx beams, and PDCCH using SRS derived from PDCCH beam Rx beam (using reciprocity).
Proposal 2: UE can identify and initiate PDCCH failure by measuring the CSI-RS port associated with PDCCH beams.
Proposal 3: UE may identify and initiate PUCCH beam failure by measuring CSI-RS ports associated with PUCCH beam (in scenarios with reciprocity).
Mechanism to identify and signal new beams
After the identification of the beam failure event, it still remains for the gNB and the UE to re-establish one or more alternate beams for control channel transmission. These may be new beams that have appeared since the time when the PDCCH or PUCCH were determined. 
There appear to be two major approaches to the signals used to identify new beams for the PDCCH:
· Periodic or semi-persistent RSs transmitted through beams that have been configured in advance (e.g. SS-blocks, periodic CSI-RS beams) swept through all directions in a cell.
· DM-RS of PHY channels e.g. PDCCH, DMRS for PDSCH etc.

With the periodic/semi-persistent RSs for beam identification, the procedure is straightforward – the UE observes the periodically swept reference signals, and chooses the beam that is well suited for the PDCCH beam. The UE is aware of the location and periodicity of the reference signals, and no dynamic configuration is necessary. The latency of identification is limited by the periodicity of the RS.
With the signals such as DMRS of PDCCH or PDSCH, it remains unclear how these signals would cover all possible directions where the new beam may be present. If these PHY channels are not swept in all possible directions, it limits the ability of the UE to identify beams from all possible configurations. If these PHY channels are actually swept in all directions in a periodic fashion, a CSI-RS process with the ports matching the DMRS ports of these channels could satisfy the same role. 
Proposal 4: UE may identify new beams for PDCCH by observing SS-block signals or periodic CSI-RS transmissions
In the case where the gNB needs to identify a new beam for PUCCH, and the system is reciprocal, the use of PDCCH Tx beams for PUCCH Rx beams is possible. Thus, recovering and identifying the PDCCH beam by the UE may also recover the PUCCH Rx beam. 
Proposal 5: At least for the scenario with reciprocity, the PDCCH Tx and PUCCH Rx beams may be chosen in a reciprocal manner and this behavior indicated to the UE.
Conclusions
The following proposals have been made:
Proposal 1:  gNB can identify/initiate PUCCH beam recovery by measuring SRS QCL with PUCCH Tx beams, and PDCCH using SRS derived from PDCCH beam Rx beam (using reciprocity).
Proposal 2: UE can identify and initiate PDCCH failure by measuring the CSI-RS port associated with PDCCH beams.
Proposal 3: UE may identify and initiate PUCCH beam failure by measuring CSI-RS ports associated with PUCCH beam (in scenarios with reciprocity).
Proposal 4: UE may identify new beams for PDCCH by observing SS-block signals or periodic CSI-RS transmissions
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