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1 Introduction

At the RAN1 89 meeting, the mechanisms to provide robustness against beam pair link blocking and beam failure recovery mechanism were discussed [1]. The following agreements are concluded 
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 this contribution, we describe our general views on procedure details for beam failure recovery.
2 Discussion on the procedure of NR beam failure recovery
After UE initiates the beam failure recovery request, the following interactions between UE and gNB are required to be defined to reestablish the link for communication. Generally, we think the following three or four steps for beam failure recovery procedure should be considered to complete the link reestablishment as illustrated in Figure 1 and Figure 2.
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Figure 1.Alternative 1 of beam failure recovery procedure for triggering condition 1
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Figure 2.Alternative 2 of beam failure recovery procedure for triggering condition 2
· Step 1: beam failure recovery request
For beam failure recovery request, two alternatives should be considered.
· Alt1: Beam failure recovery request and new beam’s ID
· Alt2: Beam failure recovery request only
Alt1 is based on the assumption of beam correspondence, and UE reports its recommended new beam information on the beam failure request signal. If beam correspondence holds, the optimal received beam of the gNB is the same as the optimal transmit beam. Thus, by taking the advantage of the beam correspondence, an association between each potential resource for transmitting the beam failure recovery request and the DL RS with the same beam can be established. As shown in Figure 3, the resource of DL RS with b1 is linkage with the resource for transmitting the beam failure recovery request with b1.Once UE detects the DL RS with b1 as the new identified beam, UE then initiates the beam failure recovery request on the resource that associated with DL RS with the new identified beam. gNB will blindly detect the candidate resources for beam failure recovery request since those candidate resources (and associated receiving beams) are preconfigured by the gNB. If it successfully detects the beam failure recovery request on the resource with b1, it implies that UE has recommended b1 as the new identified beam.
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Figure 3.The association between DL RS and beam failure recovery request for Alt1
As we stated in our company contribution [2], triggering condition 2 should also be supported for some use cases. As for triggering condition 2, UE is not required to identify the new beam for triggering the beam failure recovery request and the beam failure request will not carry the new identified beam information. In this case, there is no need to set up the one to one association between DL RS and the resource of beam failure recovery request. gNB will receive the beam failure recovery request with a beam sweeping manner as shown in Figure 4.
[image: image4.emf]b2 b1 b4 b3

eNB Tx beam eNBRx beam

b1

DL  RS for identifying 

new beam

Beam failure 

recovery request

b2 b1 b4 b3

b2 b1 b4 b3

Beam identification fail


Figure 4.The association between DL RS and beam failure recovery request for Alt2
· Step 2: beam failure recovery response
The beam failure recovery response is to confirm with UE that gNB has received UE’s beam failure recovery request successfully. And in the meanwhile, beam failure recovery response should also contain the following information 
· Reconfigurations of RS for beam measurement (optional for alternative 1)
· TA
· Scheduling information for beam reporting
As the beam failure can be caused by UE’s rotation/mobility, it is most likely that UE’s candidate beam set for beam measurement totally change after the rotation/mobility. Thus it is necessary to reconfigure the RS  for UE to perform the beam measurement to find the optimal serving beams immediately. For alt 1, as UE has already report a new identified beam on the beam failure request, this new identified beam can be taken as a  temporal beam for the subsequent communication and the reconfiguration of RS for alternative 1 may not be necessary. As shown in Figure 5, the RS for beam measurement is transmitted after the beam failure recovery response signal and configured by beam failure recovery response.
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Figure 5.The RS for beam measurement configured by beam failure recovery response
Proposal 1: Reconfigurations of RS for beam measurement should be included in the beam failure recovery response signal.  
In addition, as the new candidate beam changes with the previous serving beam, the propagation path will also change significantly. The timing advance should be updated in the beam failure recovery response signal to enable UE to transmit the subsequent beam reporting information with a proper timing advance.
Proposal 2: TA should be included in the beam failure recovery response signal. 
The beam information is then required to be reported in the Step 3. The scheduling information such as the resource allocation for the aperiodic beam reporting should be included in the beam failure recovery response signal.
Proposal 3: Scheduling information for beam reporting should be included in the beam failure recovery response.  
· Step 3: beam reporting
As the aforementioned discussion, after UE performs the beam measurement based on the configured aperiodic RS for beam management, UE should report the beam information based on the scheduling information. For alternative 1, the beam ID may not be necessary, but the beam quality which is not feasible to be carried on the beam failure recovery request should be reported for the scheduling. For alternative 2, since no new available beam information is carried on beam failure recovery request, the UE is requested to perform the beam management to identify a new beam and then report it and its associated beam quality to gNB.
Proposal 4: Beam reporting should be supported triggered by the beam failure response.
· Step 4: beam indication
For alternative 2, following step 3, the gNB should indicate the UE with the new serving beam information according the UE’s reported beam information to update the serving beam and reestablish the new link. Till now, the beam recovery procedure is completed. For alternative 1, as UE can take the recommended beam on the beam failure recovery request as the new serving beam, it is not necessary for gNB to indicate this information.
Proposal 5: Beam indication should be supported after beam reporting for alternative 2.
3 Conclusions

This contribution discusses beam failure detection and beam failure recovery mechanism in NR and we have the following proposals:
Proposal 1: Reconfigurations of RS for beam measurement should be included in the beam failure recovery response signal.  
Proposal 2: TA should be included in the beam failure recovery response signal. 
Proposal 3: Scheduling information for beam reporting should be included in the beam failure recovery response.  
Proposal 4: Beam reporting should be supported triggered by the beam failure response.
Proposal 5: Beam indication should be supported after beam reporting for alternative 2.
References

[1] RAN1-89 Chairman Notes.
[2] Huawei, “General views on beam failure recovery”, R1-1709929, Qingdao, China, June 27-30, 2017.
UE
gNB
Step1:beam failure recovery request
beam failure detection&new beam identification
Step 2:beam failure recovery response
(optional )Step 3:beam reporting
beam measurement
New identified beam
New identified beam



UE
gNB
Step1:beam failure recovery request
beam failure detection without new beam identification
Step 2:beam failure recovery response
Step 3:beam reporting
Step 4:beam indication
beam measurement to identify new beam
Multiple beam sweeping
Multiple beam sweeping



