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1. Introduction
In RAN1 NR AH 1801 meeting, the following agreements on beam failure recovery have been achieved. [1]
Agreement:
For beam failure detection model, PHY performs detection of beam failure instances, and indicates a flag to higher layer if a beam failure instance is detected
· FFS: When/Whether PHY needs to report candidate beam list and beam failure instance to MAC
· FFS: Whether non-beam failure instance is defined or is needed
Include as part of LS to RAN2

Agreement:
Change candidate beam selection model to the following alternatives:
· PHY performs L1-RSRP evaluation of each candidate new beam, provides to higher layer the subset of {beam RS index, L1-RSRP measurements} that satisfies the L1-RSRP threshold
· RAN 1 expects higher layer to perform new candidate beam selection based on the subset of {beam RS index, RSRP measurements}
· Note: The mapping between beam RS index(es) to PRACH resource(s)/sequence(s) is done in MAC
· Support for candidate beam selection model is specified in the RAN2 specifications
Include as part of LS to RAN2

Agreement:
Behavior of Beam-failure-recovery-Timer
· Start Beam-failure-recovery-Timer upon beam failure detection event declared by UE
· Stop Beam-failure-recovery-Timer upon reception of gNB response for beam failure recovery request transmission
Include as part of LS to RAN2

Agreement: 
· From RAN1 perspective, contention-free PRACH-based beam failure recovery is considered unsuccessful when one of the following conditions is met
· Upon expiry of Beam-failure-recovery-Timer 
· Upon reaching max. # of BFRQ transmissions
Include as part of LS to RAN2

Agreement: 
· 
Indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS , which is also lower bounded by [10] ms.
· Note: if the evaluation is below beam failure instance BLER threshold, there is no indication to higher layer.
·  PHY provides to higher layer one or more sets of {beam RS index, L1-RSRP measurement} that satisfies the L1-RSRP threshold upon higher layer request.

In this contribution, we will provide some discussions on the remaining issues for beam failure detection mechanism, CSI-RS for beam failure detection, gNB response for beam failure recovery, partial beam failure recovery, BFR for multiple CCs and power offset between SSB and CSI-RS.
2. Discussion
2.1 Beam failure detection mechanism
It has been agreed that PHY can indicate a Beam Failure Instance (BFI) to higher layer periodically. Since there can be multiple BFD RS, how to determine the periodicity could be one issue. Given the periodicity for each BFD RS is Tj and the periodicity for BFI indication is T, as shown in Figure 1 there can be the following cases:
· Case 1: T1 < T2 < … < T < … TJ
· Case 2: T = T1 < … < TJ
· Case 3: T1 < T2 < … < TJ <= T



Figure 1: different cases for different BFI indication periodicity
Then there can be the following scenarios within a BFI period:
1) There may be multiple instances for one BFD RS within one BFI period, as BFD RS 2 and 3 in Case 3
2) Some BFD RS may not be transmitted within one BFI period, as BFD RS 1 in the second period in case 2
Since the BFD is based on all the configured BFD RS, the BFI should be indicated only when the hypothetical BLER all the instances of the BFD RS within one BFI period is above the threshold. If one BFD RS is not included in one BFI period, one possible way is that its previous detection status can be taken into account; another possible way is that its status would not be taken into account in this BFI period. The former may increase the latency of BFD a little bit since only after the first detection of the BFD RS with the largest periodicity, the BFD could be declared. The latter may result in some unnecessary BFD since the BFD RS with the largest periodicity may not be detected. To avoid unnecessary BFD, the former way seems to be better.
Proposal 1: Within a beam failure indication periodicity, the beam failure instance should be declared only when the hypothetical BLER of all the instances of the BFD RS is above the threshold.
Proposal 2: If one BFD RS is not transmitted within a beam failure indication periodicity, its previous detection status should be used to determine the beam failure.
Further the UE would not indicate beam failure instance if any BFD RS hypothetical BLER is below the threshold. For the “no beam failure instance”, there could be the following options:
· Option 1: The counter decreases by 1
· Option 2: Reset the counter
According to the agreements [2] below, the BFD should only be declared when consecutive detected beam failure instance exceeds a configured number. So for “no beam failure instance”, the counter should be reset. · A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number
· (Working assumption) If hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance
· Note: Beam failure is determined when all serving beams fail
· The candidate beam can be identified when metric X of candidate beam is higher than a threshold
· FFS: metric X
· 1 or 2 threshold values are introduced
· If 2 thresholds are introduced, one is for SSB and the other is for CSI-RS
· One of the following alternatives will be down-selected in RAN1#91
· Alt-1: Fixed value
· Alt-2: Configurable value by RRC signaling
· RAN2 should specify the RRC signaling to configuration of the threshold
· Note: for beam failure detection, the UE should aware the transmission power offset between CSI-RS and DMRS of PDCCH
· FFS other details.



Proposal 3: For the case of “no beam failure instance”, the counter should be reset.
In addition, with regard to the BFI periodicity and the counter, the latency for BFD may be larger than RLF. So when UE declares RLF, the BFD and BFR procedure should stop and the counter should be reset.
Proposal 4: When UE declares RLF, the BFD and BFR procedure should stop and the counter should be reset. 
2.2 RS for beam failure detection
The CSI-RS for beam management can be configured with 1-port or 2-port. Since the DMRS of PDCCH is 1-port, for 1-port CSI-RS, both antenna ports can be configured to be QCLed so that the UE can use the 1-port CSI-RS for BFD. But for 2-port CSI-RS, the UE assumption is confusing, as it is unclear whether the UE should use one of the two antenna ports for BFD or both. To simplify the issue, it is better that 2-port CSI-RS is not used for BFD.  
Proposal 5: The 2-port CSI-RS should not be used for BFD.
2.3 gNB response for BFR
It has been agreed the gNB can transmit its DCI in a dedicated CORSET for BFR. The DCI can be used to trigger downlink signaling, such as CORESET reconfiguration, or uplink transmission, e.g. beam reporting. Hence the DCI for BFR response can be either downlink assignment or uplink grant. However since the beam is newly identified, it is better to use fallback DCI format to get better performance. Therefore the COREST for BFR can be used to carry DCI format 0_0 or DCI format 1_0.
Proposal 7: The gNB response for BFR should be based on either DCI format 0_0 or DCI format 1_0.
2.4 Partial BFR
As a result of blockage, some beams may fail while the others may be still working. For the partial beam failure case, it is unclear how to determine the BFR request should be transmitted. Further how to carry the partial BFR request is also unclear. Based on normal beam reporting, the partial BFR can be recovered, since the gNB can find out the UE recommended beam by beam reporting and reconfigure the TCI state for CORESET. Therefore it is not necessary to define additional spec impact for partial BFR.
Proposal 8: Partial BFR is not supported in Rel-15.
2.5 Beam failure recovery for multiple CC
A UE may be configured with multiple CCs. There can be the following options for BFR in CA case:
· Option 1: BFR is CC-specific 
· Option 2: BFR is UE-specific 

If all the beam for one CC fails, the UE can still recover the beam by beam reporting in another CC. This is similar to partial BFR. As discussed before, it is not necessary to define additional spec impact for this case. So the BFR should be UE specific. Only when all the beams in all CCs fail below a threshold, the UE can transmit the BFR request.
Proposal 9: The BFR should be UE-specific instead of CC-specific.
2.6 Power offset between SSB and PDCCH
For BFD, it has been agreed that the UE can assume that the power offset between CSI-RS to PDCCH DMRS is always 0dB. However SSB has also been agreed for BFD, then one possible way is to fix the power offset between SSB and PDCCH DMRS, e.g. 0dB. However this may bring in some restriction for gNB implementation. Another possible way is to configure the power offset between SSS and DMRS of PDCCH. So with regard to implementation restriction, it is better to define the RRC signaling to configure power offset between SSS and DMRS of PDCCH.
Proposal 10: Define the RRC parameter Pc_PDCCH to indicate the power offset between SSS and DMRS of PDCCH.
3. Conclusions
In this contribution we have provided our views on TRS. From the discussion, we have achieved the following proposals.
Proposal 1: Within a beam failure indication periodicity, the beam failure instance should be declared only when the hypothetical BLER of all the instances of the BFD RS is above the threshold.
Proposal 2: If one BFD RS is not transmitted within a beam failure indication periodicity, its previous detection status should be used to determine the beam failure.
Proposal 3: For the case of “no beam failure instance”, the counter should be reset.
Proposal 4: When UE declares RLF, the BFD and BFR procedure should stop and the counter should be reset. 
Proposal 5: The 2-port CSI-RS should not be used for BFD.
Proposal 6: The gNB response for BFR should be based on either DCI format 0_0 or DCI format 1_0.
Proposal 7: Partial BFR is not supported in Rel-15.
Proposal 8: The BFR should be UE-specific instead of CC-specific.
Proposal 9: Define the RRC parameter Pc_PDCCH to indicate the power offset between SSS and DMRS of PDCCH.
4. Text Proposal
The following text proposals are achieved based on proposals above.
=============== Text Proposal in 38.213 ======================
6. Link reconfiguration procedures





A UE can be configured, for a serving cell, with a set  of periodic CSI-RS resource configuration indexes by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and with a set  of CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter Candidate-Beam-RS-List for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines the set  to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective control resource sets that the UE is configured for monitoring PDCCH. If for a control resource set that the UE is configured for monitoring PDCCH, the RS indexes of SS/PBCH blocks or periodic CSI-RS resource configurations in the RS sets indicated by the TCI state for the control resource set do not have same values as indexes for SS/PBCH blocks or periodic CSI-RS resource configurations in the set , the UE determines that the set  includes indexes of SS/PBCH blocks or periodic CSI-RS resource configurations with same values as the ones provided by higher layer parameter TCI-StatesPDCCH for the control resource set. A UE shall not expect to be configured or indicated with the CSI-RS with NrofPorts above 1 for beam failure detection.  


The thresholds Qout,LR and Qin,LR correspond to the default value of higher layer parameter RLM-IS-OOS-thresholdConfig and Beam-failure-candidate-beam-threshold, respectively. The physical layer in the UE shall assess the radio link quality according to the set  of resource configurations against the threshold Qout,LR [10, TS 38.133]. For the set , the UE shall assess the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions DM-RS monitored by the UE. The UE applies the configured Qin,LR threshold for the periodic CSI-RS resource configurations assuming a same transmission power between the periodic CSI-RS and PDCCH DM-RS. The UE applies the configured Qin,LR threshold for the SS/PBCH resource configurations assuming the transmission power offset between the periodic CSI-RS and SSS is Pc_PDCCH. The UE applies the Qin,LR threshold for SS/PBCH blocks after scaling a SS/PBCH block transmission power with a value provided by higher layer parameter Pc_SS. 



The physical layer in the UE shall, in slots where the radio link quality according to the set  is assessed, provide an indication to higher layers when the radio link quality for all corresponding resource configurations in the set for all serving cells that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set  and X. If the reference signal for beam failure detection is not transmitted within one periodicity, its latest measured radio link quality shall be used to determine its current radio link quality. If multiple time instances for a CSI-RS resource or SS/PBCH block is transmitted within one periodicity, its radio link quality is determined based on the highest radio link quality among those time instances.

Upon request from higher layers, the UE shall provide to higher layers the periodic CSI-RS configuration indexes and/or SS/PBCH block indexes from the set  and the corresponding L1-RSRP measurements that are larger than or equal to Qin,LR. 


A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. After 4 slots from the slot of the PRACH transmission and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index , the UE monitors PDCCH for detection of a DCI format 0_0 or format 1_0 with CRC scrambled by C-RNTI within a window configured by higher layer parameter Beam-failure-recovery-request-window, and in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET. For PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as for monitoring PDCCH. The UE determines the index  based on TBD.
=============== End of Text Proposal ========================
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