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1 Introduction

Regarding beam recovery, RAN1 discussed and agreed the followings during the previous RAN1#89 meeting. 
	Working assumption:

· 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

· FFS Condition 2: Beam failure is detected alone at least for the case of no reciprocity

· FFS how the recovery request is transmitted without knowledge of candidate beam

· Note: if both conditions are supported, which triggering condition to use by UE also depends on both gNB configuration and UE capability

Agreements:

· Support the following channel(s) for beam failure recovery request transmission:

· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case

· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources

· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 

· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 

· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure

· Support using PUCCH for beam failure recovery request transmission

· FFS whether PUCCH is with beam sweeping or not

· Note: this may or may not impact PUCCH design

· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources

· From traditional RACH resource pool

· 4-step RACH procedure is used

· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 

· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 


In the previous RAN2 Ad-Hoc and RAN1 Ad-Hoc meetings, RAN2 and RAN1 had the following agreements: 
Agreements

1:
RAN2 understand that beam failure recovery (L1 or MAC) and RLF (RRC) are performed in different layers. 

=>
RAN2 will discuss again when RAN1 have provided more information on beam recovery.

	Agreements:

· RAN1 agrees that the certain number of beam failure recovery request  transmissions is NW configurable by using some parameters

· Parameters used by the NW could be:

· Number of transmissions

· Solely based on timer

· Combination of above

· FFS: whether beam failure recovery procedure is influenced by the RLF event
Agreements:

· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery

· Relationship between RLF and unsuccessful beam failure recovery indication (if any) e.g. whether beam failure recovery procedure influences or is influenced by the RLF event

· Send LS to inform RAN2 – to be done next meeting
Agreements:
· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 
· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310
· RAN2 can decide specific procedure
· Example 2: aperiodic indication(s) based on failure of beam recovery procedure
· How to use aperiodic indication can be decided in RAN2
· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used


Although there are various agreements, it is still not clear which beam RS shall be used to trigger beam recovery and how UE performs beam recovery considering RLF behaviour. In this contribution, we discuss the detailed procedure and RAN2 involvement.
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.
2.2 Two types of RSs and associated procedures for beam recovery

2.2.1 Beam failure detection RS
The name of ‘Beam failure detection RS’ itself explains the purpose of this RS. Beam failure detection RS is used for the UE to determine whether there is beam failure or not. This ‘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, this 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.
In NR, CSI-RS will be used for beam management. Therefore, it is highly likely that this beam failure detection RS is also CSI-RS which is configured for a specific UE, with dedicated signaling. 
Observation 1: Beam failure detection RSs shall be configured of corresponding beams with control channel. UE-specific CSI-RS is the most suitable candidate for this RS.
2.2.2 Beam identification RS 
This beam identification RS is for UE to monitor and find a new candidate beam used for beam recovery. By the definition of beam failure and beam failure detection RS, the beam identification RSs are associated with beams without control channel. Consequently, it is highly likely that this beam identification RS is NR-SS or non-UE specific (cell-specific) CSI-RS configured for all the UEs in the cell. 
Observation 2: Beam identification RSs shall be configured of corresponding beams without control channel. NR-SS or non-UE specific (cell-specific) CSI-RS are the suitable candidates for this RS. 
After the ‘beam failure’ is detected using the ‘beam failure detection RSs’, UE shall decide whether to trigger beam recovery mechanism or not. If the beam recovery is triggered by ‘beam failure’ only, it is not guaranteed that the UE can recover from the failure or not. Since the UE measures all the configured beams and can estimate the hypothetical error rate of using each beam, we can increase the success rate of beam recovery while reduce the overhead, interference, and waste of power due to the unnecessary beam recovery attempts. 

Proposal 2: NR UE shall trigger beam recovery procedure (i.e., UL beam recovery request transmission through PRACH-like resource), if ‘beam failure’ is detected AND if there is ‘candidate beam(s)’ for communication. It is FFS how ‘candidate beam(s)’ is selected
2.2.3 UL beam recovery request transmission
With the above triggering event, UE transmits UL beam recovery request consisting of beam level measurement to recover from beam failure, through the scheduled PRACH-like resource. 

If such UL signal transmission is done over PRACH or SR, it shall be triggered by MAC.
2.3 Beam resumption using autonomous beam quality restoration.
The above beam recovery procedure considers triggering and transmission of UL beam recovery request over RACH-like resource 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: Beam failure detection RSs shall be configured of corresponding beams with control channel. UE-specific CSI-RS is the most suitable candidate for this RS.
Observation 2: Beam identification RSs shall be configured of corresponding beams without control channel. NR-SS or non-UE specific (cell-specific) CSI-RS are the suitable candidates for this RS.
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: NR UE shall trigger beam recovery procedure (i.e., UL beam recovery request transmission through PRACH-like resource), if ‘beam failure’ is detected AND if there is ‘candidate beam(s)’ for communication. It is FFS how ‘candidate beam(s)’ is selected
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. 
