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1 Introduction

This contribution is revised with detailed RAN1 agreement regarding beam recovery procedure. The triggering condition and beam recovery procedure are clearly agreed now and proposals 1&2 are revised. 

Regarding beam recovery, RAN1 agreed the followings during the previous RAN1 Ad-hoc#3 meeting. 
	Agreement:
WA on trigger condition 1 for beam recovery request transmission is confirmed with following revision

· “Support at least the following triggering condition(s) for beam failure recovery request transmission:

Condition 1: when beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification”

Agreement:
The following working assumption is confirmed

· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources

· Note that CDM means the same sequence design with PRACH preambles. 

· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for contention-free PRACH operation in Rel-15

· Note: this feature is not intended to have any impact on design related to other PRACH resources

· Further consider whether TDM with other PRACH is needed

Note: Companies may further study the necessity and feasibility of additional cyclic shifts on the preamble sequences for transmission of beam failure recovery requests

Agreement:
· For new candidate beam identification purpose

· In CSI-RS only case, a direct association is configured between only CSI-RS resources and dedicated PRACH resources

· In SS block only case, a direct association is configured between only SS block resources and dedicated PRACH resources

· In CSI-RS + SS block case (if supported), an association is configured between resources of CSI-RS/SSB and dedicated PRACH resources

· CSI-RS and SSB can be associated with the same dedicated resource through QCL association


2 UE triggered beam recovery procedure
NR supports the UE triggered beam recovery procedure to reach gNB when the beam failure occurs and there is new candidate beam to recover. With this beam recovery procedure, UE can overcome such beam failure without going through long and power consuming RLF procedure.

2.1 Summary of Beam Recovery procedure w.r.t. RAN1 agreements
Figure 1 shows the flow chart based on the current RAN1 agreement.
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Figure 1: Beam recovery procedure of NR UE and gNB


From the above beam recovery procedure from RAN1, there are two different RSs such as ‘Beam failure detection RS’ and ‘beam identification RS’. In this section we would like to understand the beam recovery procedures, considering such different types of RSs.
2.1.1 Triggering condition
RAN1 agreed to support ‘when beam failure is detected and candidate beam is identified’ as the triggering condition of the beam recovery. For this, UE needs to 1) detect beam failure and 2) identify candidate beam. 

Beam failure detection
The ‘beam failure’ is defined in TR 38.802 as: 
	NR supports that UE can trigger mechanism to recover from beam failure. 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).


Since the purpose of beam recovery is to transmit beam recovery request over possible PUCCH or RACH like resource when the reception of DL control signalling is expected to be fail, the beam failure detection RS shall be measured by UE to determine whether there is no DL beam pair links associated with DL control channel. In other words, NR UE shall measure the beam failure detection RS to determine whether there is available DL control channel or not. Therefore, this beam failure detection RS shall be configured to cover all the gNB beams with DL control channel. 

Proposal 1: NR UE shall detect beam failure if all the beam measurement of the beam failure detection RS falls low enough (FFS threshold, timer ...). The beam failure detection RS shall be configured to cover all the gNB beams with DL control channel.
Candidate beam identification
The beam identification RS is for UE to monitor and find a new candidate beam used for beam recovery. According to RAN1 agreement, candidate beam RS shall have a direct association which is configured with dedicated RACH resources
Observation 1: Candidate beams shall have a direct association which is configured with dedicated RACH resources
2.1.2 Beam Recovery Procedure
Now RAN1 agreed for beam recovery, to reuse the same sequence design with PRACH preambles, which are chosen from those for contention-free PRACH operation in Rel-15. Therefore, now it is clear that the ‘contention-free PRACH operation’ is used for beam recovery request transmission. 
Proposal 2: For NR beam recovery request transmission, contention-free PRACH operation in Rel-15 is used. FFS PUCCH based beam recovery. 
2.2 Beam resumption using autonomous beam quality restoration.
The above beam recovery procedure considers triggering and transmission of UL beam recovery request using contention-free RACH when the beam problem is detected. However, even if such beam problem is detected and beam recovery is triggered, there is still opportunity of the ‘failed’ beams to be restored autonomously due to various reasons such as UE movement, fading, and so on.  Therefore, it is important that NR UE shall not be restricted to utilize such opportunity to restore connection, using the pre-scheduled dedicated resource over the recovered beam. 

As a baseline, if any beam pair link associated with control channel is restored, NR UE which undergoes a beam recovery procedure shall be able to use the dedicated resource on the restored beam. And of course this dedicated resource shall be a pre-configured resource before the beam problem is detected. Using the restored beam, UE can transmit UL beam reporting contains information of new candidate beam. And, with the restored beam, UE and gNB can change their serving beam(s) using RAN1 beam switching procedure. 

Proposal 3: Even if beam problem is detected, NR UE shall be able to use the dedicated UL resource on any beam pair link with ‘beam failure detection RS’, to transmit UL beam reporting in case of autonomous beam quality restoration. Note that the dedicated resource shall be pre-configured before the beam problem is detected. 
If any of the beam pair link quality is autonomously restored, the ‘beam failure’ condition is no longer valid, and, hence, the current ongoing beam recovery should stop.

Proposal 4: If autonomous beam quality restoration of any beam pair link with ‘beam failure detection RS’ is detected, ongoing beam recovery shall be stopped. 
3 Conclusion

This contribution discusses the basic operation of beam switching. In order to make progress on UE triggered beam recovery mechanism in NR, we request RAN2 to discuss the following observations and proposals. 
Observation 1: Candidate beams shall have a direct association which is configured with dedicated RACH resources
Proposal 1: NR UE shall detect beam failure if all the beam measurement of the beam failure detection RS falls low enough (FFS threshold, timer ...). The beam failure detection RS shall be configured to cover all the gNB beams with DL control channel.
Proposal 2: For NR beam recovery request transmission, contention-free PRACH operation in Rel-15 is used. FFS PUCCH based beam recovery. 
Proposal 3: Even if beam problem is detected, NR UE shall be able to use the dedicated UL resource on any beam pair link with ‘beam failure detection RS’, to transmit UL beam reporting in case of autonomous beam quality restoration. Note that the dedicated resource shall be pre-configured before the beam problem is detected. 
Proposal 4: If autonomous beam quality restoration of any beam pair link with ‘beam failure detection RS’ is detected, ongoing beam recovery shall be stopped. 
