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1	Introduction
This contribution is an update of R1-1716500. Following agreements were made in RAN1#89
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 

Agreements:
· To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)
· FFS whether the candidate beam(s) is identified from a preconfigured set or not
· Detection of a gNB’s response for beam failure recovery request during a time window is supported
· FFS the time window is configured or pre-determined
· FFS the number of monitoring occasions within the time window
· FFS the size/location of the time window
· If there is no response detected within the window, the UE may perform re-tx of the request
· FFS details
· If not detected after a certain number of transmission(s), UE notifies higher layer entities
· FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer 

In addition following agreements were made in RAN1 NR AH#3:
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	Beam Recovery
2.1 Identifying new candidate beams for beam recovery
RAN1#90 Agreements:
· In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification
· The following options can be configured for new candidate beam identification  
· CSI-RS only
· Note: in this case, SSB will not be configured for new candidate beam identification
· SS block only
· Note: in this case, CSI-RS will not be configured for new candidate beam identification
· FFS: CSI-RS + SS block

Currently two options are supported for identifying new candidate beams for beam failure recovery procedure: CSI-RS and SS block.
If we consider the ‘option 1, CSI-RS only’ it basically works in a case where network transmits CSI-RS on all the SS blocks in a cell. In case of ‘Option 2 SS block only” it works in all configuration cases (e.g. CSI-RS configured for specific set of SS blocks) since the SS block is the ‘always on’ signal in NR and also for initial access purposes the RACH resources need to be associated to at least SS blocks. Thus, if we consider e.g. contention based RACH for recovery the SS block based candidate beam detection whether or not the UE has CSI-RS configuration for a given SS block.      
Identifying new candidate beams based on both CSI-RS + SS block (the third option) provides the benefit of UE being able to do recovery based on both CSI-RS and SS block measurements. When both are supported at the same time, the network can configure UE with CSI-RS configurations for a subset of SS blocks. The already configured CSI-RS can be used for detecting potential candidate beams e.g. the CSI-RS periodicity may be shorter than SS block, thus UE may be able to determine target for recovery faster. As a fallback, the SS blocks can be used for recovery in case no CSI-RS are detected. The recovery signal configuration or association to SS block beams can be similar as in option 2 since UE may be configured to trigger recovery signal to specific SS block and report e.g. during recovery procedure the CSI-RS measurements. 
[bookmark: _Ref492550667]Proposal 1: Support CSI-RS +SS block based candidate beam detection. 
NOTE: the candidate beam detection in this case is based on individual measurements on CSI-RS and SS block and not on the “joint” RSRP which is under discussion in beam management track.

2.2 Quality Measure for Beam Failure Detection
One of the remaining open question after NR AH#3 is whether to use the RSRP or SINR based quality metric to determine beam failure. When RSRP is used UE may potentially have PDCCH link with high (enough) RSRP that would not trigger failure but the PDCCH SINR may be low. In worst case this may even trigger indication of radio link problem (eventually lead to radio link failure) since the RLM procedure evaluates the PDCCH performance based on hypothetical BLER.
Proposal 2: Support SINR based (hypotethical PDCCH BLER) as quality measure for beam failure detection.
2.3 Uplink Signals for Beam Recovery Transmission
In AH#3 it was agreed to have association between dedicated PRACH resource and CSI-RS/SS Block:

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

2.3.1 Non-Contention Based PRACH for Beam Recovery
Scheduling request, SR, is conventionally used by UE to request UL-SCH resources for new data transmission. From beam management perspective, SR can be used to request resources for transmitting beam report. Specific triggering conditions can be specified and configured by the network when the UE can trigger SR transmission. Once SR has been triggered based on the configured beam management event, the UE utilizes the configured resources to transmit SR (e.g. PUCCH/PRACH period). Upon receiving UL grant UE transmits beam report on the allocated resources. Beam report in UE event triggered actions is generated by MAC layer and content e.g. maximum number of reported beams and beam groups is configured by higher layers (RRC). 
SS block specific SR signal configuration on PRACH symbols is illustrated in the below figure.  



Triggering SS block specific SR may also be an implicit indication of need for beam reporting/recovery: in case UE detects stronger beam than the current beam used for PDCCH monitoring outside the corresponding SS block it may transmit SR on the corresponding SS block SR resources. gNB detects SR transmission and allocates UE with UL resources. In case UE does not have SR configuration corresponding to the preferred SS block or it does not receive UL allocation as a response to SR it may fallback to RACH based recovery. SR could be configured to PUCCH or to PRACH periods.
Currently, there is no agreement yet in RAN1 that SR type signal could be configured to PRACH. As per RAN1 agreement the contention free beam recovery request can be configured to PRACH (at least in FDM) it could be feasible to configure SR signals also. SR and beam recovery signal should have joint design since it can be assumed that beam reporting would be integral part of the recovery procedure and thus requiring UL resources for sending the information.  
gNB response to UL signaling resource can be similar to SR based recovery transmission i.e. UE is provided with UL grant and UE provides beam report using the granted resources.

2.3.2 PUCCH

PUCCH serves as additional uplink opportunity for transmitting dedicated signals for beam recovery (SR) that are specific SS block/CSI-RS/set of CSI-RS. Additional PUCCH opportunities could be configured for e.g. only K -SS blocks while the PRACH period would be able to cover all N -SS block directions.

In our view the PUCCH sweeping where UE transmits recovery on multiple PUCCH resource requiring network on potentially several occasions should not be supported. In case UE has lost the alignment and cannot indicate link switch or beam recovery using dedicated signal on PUCCH it should fallback to RACH procedure (i.e. contention based).

[bookmark: _Ref492550670]Proposal 3: PUCCH transmission opportunities for recovery and mapping to SS blocks/CSI-RS resources are configured by network. Details and signaling FFS.
[bookmark: _Ref492550671]Proposal 4: Support the use SR signal for beam recovery that indicates specific SS block and configured by network on PRACH period and/or PUCCH. 

2.4 PRACH
	· 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 



Network should be able to configure UE with the used recovery mechanism: 
· By default, if no dedicated configuration is provided, the UE should use contention based RACH procedure for beam recovery as it is used also for initial access.
· When configured with dedicated signal (SR for beam recovery or dedicated PRACH preamble), the UE should use dedicated signaling as main recovery option.
· In addition, there should be also an option for UE to dynamically switch to (parameters to be defined) contention based recovery e.g. when UE cannot detect SS block/CSI-RS that can be indicated by the dedicated signaling. 
Switching conditions from contention free/dedicated beam recovery to contention based recovery should be based on network configured parameters.
[bookmark: _Ref492550673]Proposal 5: When network configures UE with dedicated recovery signals, UE can be also configured to switch dynamically to contention based resource as fall back for beam recovery. 
[bookmark: _Ref492550674]Proposal 6: Support contention based RACH for beam recovery as fall back option when dedicated signal cannot be used. Condition to determine unusable contention free signal can be signal level threshold based
[bookmark: _Ref492550675]Proposal 7: UE can be configured to use contention free signaling for beam recovery but UE should be able to determine when to switch to contention based recovery. The conditions when to switch to contention based recovery are configurable by network. Triggering of signals and procedures such as SR and RACH (which can be used for beam recovery) is a responsibility of L2/MAC so it would be feasible to define logic when to use contention free and when to use contention based signals.  

2.5 Event when subset of serving control channels fail  
Agreements:
· Beam failure is declared only when all serving control channels fail.
· When a subset of serving control channels fail, this event should also be handled	
· Details FFS

As per agreement the failure of subset of serving control channels is not considered as beam failure. UE still has alternative PDCCH link which could be used. When UE has been configured with multiple control channels, it should have means to indicate when a subset of channels fail.
As a straightforward option the UE could generate beam report and report as configured by network i.e. UE reports N beams with highest signal level or utilizes the configured beam group reporting. Beam report can indicate to the NW the current state of the PDCCH links implicitly i.e. if alternative beam is better than the current configured PDCCH beam or the current PDCCH beam is not reported since it cannot be detected. 
Also, the beam reporting enables the NW to configure new PDCCH beam out of the reported set if new candidates are found. The beam report can be sent using reporting mechanisms on working link.
Observation 1: When subset of control channels fail the UE can indicate network by generating a beam report and report according to network configuration. 
[bookmark: _Ref492550677]Proposal 8: When subset of control channels fail UE can indicate the failure via beam reporting on working link

Link/Beam group specific uplink resource configuration for fast beam switching
To further speed up the indication of failed control channel UE could be configured with PDCCH link specific uplink resource.  Figure 1 illustrates a PDCCH monitoring pattern using two alternative links. PDCCH beam A is configured as main link and B as fallback link. With beam grouping, several beams may be reported by UE (that can be used for PDSCH) but the link condition would be evaluated based on the PDCCH beam signal level. From network perspective if it detects a beam failure for link A it can reach UE on link B (PDCCH) during the monitoring instance ‘B’. 


[bookmark: _Ref477866641]Figure 1. PDCCH monitoring pattern
For UE triggered switch to alternative link serving control channel failure it may be beneficial to configure UE with PDCCH beam/link specific UL resources. Sending on link specific signaling resource UE can indicate the preference between multiple links i.e. These resources may also be beam group specific i.e. PDCCH beam is configured out of the beams reported in a beam group. 
In above case UE would have corresponding resource for indicating either link A or B to network using signaling resource ‘A’ or ‘B’ depending on the PDCCH reception conditions. These UL resources may be configured e.g. from the SR signal resource space once finally decided (e.g. FDM’d/TDM’d with other PRACH resources or from the PRACH signal space are CDM’d. PUCCH could be used as well.
[bookmark: _Ref492550678]Proposal 9: Support configuration of link specific UL signaling resource on non-contention channel based on PRACH and PUCCH resources for fast link switch indication when subset of serving control channel(s) fail.

2.6 Transmission of Recovery Signal
	· To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)
· FFS whether the candidate beam(s) is identified from a preconfigured set or not
· Detection of a gNB’s response for beam failure recovery request during a time window is supported
· FFS the time window is configured or pre-determined
· FFS the number of monitoring occasions within the time window
· FFS the size/location of the time window
· If there is no response detected within the window, the UE may perform re-tx of the request
· FFS details
· If not detected after a certain number of transmission(s), UE notifies higher layer entities
· FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer 


· 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



Monitoring of recovery response may differ based on the used signal for transmission. As an example, we discuss briefly two different time window mechanisms:
Scheduling Request/Non contention based signal for recovery: 
· UE transmits SR corresponding to SS block/CSI-RS and monitors for gNB response until next SR opportunity
· If UE has not received/detected response it retransmits SR and monitors until the next SR opportunity
· Network can configure maximum number of SR transmissions
· If the recovery is not successful/cannot be performed using dedicated signaling UE should fallback to RACH based recovery
  PRACH based recovery:
· UE obtains random access response window as explicit configuration by the network
· UE monitors for gNB response for the duration of the configured window, if no response is received UE retransmits the request (RACH re-tx is subject to back off)
· Maximum number of retransmissions is configured by network. 

Both configured and predetermined windows should be supported. Monitoring window for beam recovery signal and logic whether to re-transmit contention free recovery signal or contention based signal should be defined in L2.
Observation 2: Re-transmission procedure of beam recovery signal (SR) and logic whether to re-transmit contention free recovery signal or contention based signal (RACH) should be defined in L2.
When considering the use of Scheduling Request for beam recovery (or dedicated signal in PRACH) there should be a option to fall back to RACH procedure if beam recovery using dedicated signals is not successful. Triggering of RACH procedure if e.g. no response is received for SR after maximum number of retransmissions should be initiated by MAC layer.  
Observation 3: L2/MAC layer is able to initiate contention based RACH procedure for beam recovery if recovery using dedicated signals is not successful.  
[bookmark: _Ref492550680]Proposal 10: Triggering signals and initiation of procedures for beam recovery (SR/RACH/other signals) is a function of L2 (MAC).  
[bookmark: _Ref485044098]Proposal 11: Retransmission of beam recovery signal and logic whether to re-transmit contention free recovery signal or contention based signal should be defined in MAC layer.  

3	Conclusions
The following proposals are summarized for beam recovery:
Proposal 1: Support CSI-RS +SS block based candidate beam detection.
Proposal 2: Support SINR based (hypotethical PDCCH BLER) as quality measure for beam failure detection.
Proposal 3: PUCCH transmission opportunities for recovery and mapping to SS blocks/CSI-RS resources are configured by network. Details and signaling FFS.
Proposal 4: Support the use SR signal for beam recovery that indicates specific SS block and configured by network on PRACH period and/or PUCCH. 
Proposal 5: When network configures UE with dedicated recovery signals, UE can be also configured to switch dynamically to contention based resource as fall back for beam recovery. 
Proposal 6: Support contention based RACH for beam recovery as fall back option when dedicated signal cannot be used. Condition to determine unusable contention free signal can be signal level threshold based
Proposal 7: UE can be configured to use contention free signaling for beam recovery but UE should be able to determine when to switch to contention based recovery. The conditions when to switch to contention based recovery are configurable by network. Triggering of signals and procedures such as SR and RACH (which can be used for beam recovery) is a responsibility of L2/MAC so it would be feasible to define logic when to use contention free and when to use contention based signals.  
Proposal 8: When subset of control channels fail UE can indicate the failure via beam reporting on working link
[bookmark: _GoBack]Proposal 9: Support configuration of link specific UL signaling resource on non-contention channel based on PRACH and PUCCH resources for fast link switch indication when subset of serving control channel(s) fail.
Proposal 10: Triggering signals and initiation of procedures for beam recovery (SR/RACH/other signals) is a function of L2 (MAC).  
Proposal 11: Retransmission of beam recovery signal and logic whether to re-transmit contention free recovery signal or contention based signal should be defined in MAC layer.  
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