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1. Introduction
In RAN1 NR#3, following agreements were made with regard to beam failure recovery:
	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




In this contribution, we share LG’s view on remaining issues on beam failure recovery.
2. New beam identification
From gNB implementation perspective, following two options are possible and need to be supported in NR.

· Option 1: Spatial coverage (or beam width) of a CSI-RS resource for beam management is narrower than that of a SS block

· Option 2: Spatial coverage (or beam width) of a CSI-RS resource for beam management is equal to that of a SS block

In option1, the spatial coverage of a SS block can be covered by multiple CSI-RS resources, each of which has different beamforming directions. When BFRs are associated SS blocks, it is purely up to network’s choice which SS blocks to be included/excluded. Here, BFR(beam failure recovery request resource) refers to the UL resource FDMed or CDMed with PRACH to be used for beam failure recovery request. If network wants to provide UE sufficient chance for beam failure recovery, it can provide a sufficient number of BFRs to each UE covering e.g. the whole cell area. If network wants to save PRACH resources, a small set of BFRs may be configured to each UE. For being a good operation of beam failure recovery, it is quite obvious that the BFRs need to cover as wide spatial coverage as possible. From periodic CSI-RS based beam management perspective, however, UE does not need to search the CSI-RS beams across whole cell coverage because network already knows which SS block has the best quality for the UE during initial access procedure. It should be noted that CSI-RS is configured UE-specifically so that the RS/measurement/reporting overhead can be optimized for each UE even though those resources can be shared among multiple UEs. 

Observation 1: From UE perspective, aggregated spatial coverage of the configured periodic CSI-RS resources can be narrower than aggregated spatial coverage of the serving cell’s SS blocks. 

Figure 1 illustrates an implementation/configuration scenario where periodic CSI-RS has narrower spatial coverage than that of SS blocks. In this case, there is a possibility that UE can find a SS block having better quality than all the configured CSI-RSs. And if so, UE can request the beam failure recovery to the network via BFR(s) associated to the SS block(s) having a good quality (e.g. above a threshold, better RSRP/CQI than the RS for serving control channel). By supporting this scenario, sufficient spatial coverage can be provided for beam failure recovery while the burden for CSI-RS based beam management can be managed as low as possible. 
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Figure 1. Illustration of an implementation/configuration scenario
In above scenario, if new candidate beam can be found among configured CSI-RSs, UE can directly report the CRI without any additional RS reception or measurement. Thus, it should be noted that DL RS configuration for new beam identification and reporting can be independent from the DL RS configuration for the association to BFRs. For example, SS blocks can be associated to BFRs while CSI-RSs are configured by network for reporting a new beam(s) (e.g. via CRI) if any beam exists. It should also be noted that CSI-RS can be indirectly associated to PRACH via QCL association to SS block as illustrated in Figure 1.  
Observation 2: UE can find a new beam with higher resolution among periodic CSI-RS resources though a beam with lower resolution can be found among SSBs associated to PRACHs. 
Proposal 1: For new beam identification, support using both CSI-RSs and SSBs with following configuration:

· The SSBs are directly associated to PRACHs.

· The CSI-RSs are indirectly associated to PRACHs via QCL association to SSB(s).
In this case, UE behavior corresponding to the following three cases should be defined when CSI-RS and SS block are used for new beam identification.
· Case1) UE found at least one CSI-RS resource satisfying a predefined condition
· Case2) UE found no CSI-RS resource satisfying a predefined condition and found at least one SS block satisfying the predefined condition.
· Case3) UE found no CSI-RS resource satisfying a predefined condition and found no SS block satisfies the predefined condition.

For Case 2 and Case 3, the candidate SS blocks can be identified by UL resource configuration for beam failure recovery. In above, the condition can be either, e.g., quality above a configured/predefined threshold or better quality than serving CSI-RS/SS block. For the three cases, we propose to define the following UE behavior.
Proposal 2: When SSBs are directly associated to PRACHs for beam failure recovery request and periodic CSI-RS resources are QCLed with one or more of the SSB(s), the following UE behaviors are defined when beam failure is occurred:
· Case1) If UE found at least one CSI-RS resource satisfying a predefined condition, 

· UE requests beam failure recovery through PRACH(s) corresponding to the SS block(s), which is spatially QCLed with the CSI-RS(s) satisfying the condition
· Note: In this case, network does not need to transmit/indicate CSI-RSs for beam refinement and would only need to assign a UL container for reporting CRI+L1RSRP.

· Case2) If UE found no CSI-RS resource satisfying a predefined condition and found at least one SS block satisfying the predefined condition, 
· UE requests beam failure recovery through PRACH(s) corresponding to the SS block(s) satisfying the predefined condition. 
· Note: In this case, NW may need to trigger CSI-RS based beam refinement procedure after finding a coarse beam based on the SSB.
· Case3) If UE found no CSI-RS resource satisfying a predefined condition and found no SS block from PRACH configuration satisfying the predefined condition, 
· UE starts radio link failure recovery procedure 
· Note: Beam failure recovery procedure may not be able to handle this situation.
· The condition can be either, e.g. 

· Quality is above a configured/predefined threshold
· Better quality than serving CSI-RS/SS block
3. Usage of PUCCH for beam failure recovery
In RAN1#90, it was agreed that beam failure is declared only when all serving control channels fail. It was also agreed to handle the case when a subset of serving control channels fail. When all serving control channels fail, it would be safer to use the PRACH-like resource which is more robust to timing error and larger coverage potentially. For the latter condition, the PUCCH resource can be used for fast beam failure recovery request since one of UL beam pair links can still be alive assuming that at least one PUCCH is associated to each serving PDCCH beam. Since the latter condition happens only when PDCCH is transmitted on multiple beams, this feature needs to be discussed after December 2017 based on the guideline from RAN plenary.
Proposal 3: If a subset of serving control channels fail, PUCCH is used for notifying the occurrence of the event to the network. If all serving control channels fail (i.e. beam failure), PRACH is used for requesting the beam failure recovery.
· Note: PUCCH based beam failure recovery should be discussed after December 2017 based on the guideline from RAN plenary. 
4. Conclusion

This contribution discussed remaining issues on beam failure recovery. Following observation and proposals are given, based on the discussion:

Observation 1: From UE perspective, aggregated spatial coverage of the configured periodic CSI-RS resources can be narrower than aggregated spatial coverage of the serving cell’s SS blocks. 

Observation 2: UE can find a new beam with higher resolution among periodic CSI-RS resources though a beam with lower resolution can be found among SSBs associated to PRACHs. 
Proposal 1: For new beam identification, support using both CSI-RSs and SSBs with following configuration:

· The SSBs are directly associated to PRACHs.

· The CSI-RSs are indirectly associated to PRACHs via QCL association to SSB(s).
Proposal 2: When SSBs are directly associated to PRACHs for beam failure recovery request and periodic CSI-RS resources are QCLed with one or more of the SSB(s), the following UE behaviors are defined when beam failure is occurred:
· Case1) If UE found at least one CSI-RS resource satisfying a predefined condition, 

· UE requests beam failure recovery through PRACH(s) corresponding to the SS block(s), which is spatially QCLed with the CSI-RS(s) satisfying the condition
· Note: In this case, network does not need to transmit/indicate CSI-RSs for beam refinement and would only need to assign a UL container for reporting CRI+L1RSRP.

· Case2) If UE found no CSI-RS resource satisfying a predefined condition and found at least one SS block satisfying the predefined condition, 

· UE requests beam failure recovery through PRACH(s) corresponding to the SS block(s) satisfying the predefined condition. 
· Note: In this case, NW may need to trigger CSI-RS based beam refinement procedure after finding a coarse beam based on the SSB.
· Case3) If UE found no CSI-RS resource satisfying a predefined condition and found no SS block from PRACH configuration satisfying the predefined condition, 

· UE starts radio link failure recovery procedure 

· Note: Beam failure recovery procedure may not be able to handle this situation.
· The condition can be either, e.g. 

· Quality is above a configured/predefined threshold
· Better quality than serving CSI-RS/SS block
Proposal 3: If a subset of serving control channels fail, PUCCH is used for notifying the occurrence of the event to the network. If all serving control channels fail (i.e. beam failure), PRACH is used for requesting the beam failure recovery.
· Note: PUCCH based beam failure recovery should be discussed after December 2017 based on the guideline from RAN plenary. 
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