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Introduction
Pertinent agreements and progresses made on beam failure recovery in RAN1 AdHoc 201801 [1] and email discussion can be summarized as follows:
	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.

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




This contribution addresses a few remaining issues of beam failure recovery, including beam failure instance reporting, power offset for beam failure detection and new beam identification and some other issues.
1. Reporting beam failure instance: periodicity and power setting
2. New beam: power configuration
3. No failed beam selected in new beam.
4. Corset monitoring:
5. PHY layer needs to figure out qnew for QCL based on the resource indication from MAC layer.
a. One: higher layer indicating
b. Two: PHY figures it out based on RACH resoue.
6. Use MAC-CE (not RRC) to configure the q0.
Discussions
1 
2 
Beam failure detection
It was agreed that beam failure is declared with the number of consecutive beam failure instance reaches some threshold. PHY layer monitor the beam failure RS resources and calculate the hypothetical BLER to detect beam failure instance. The PHY layer reports beam failure instance periodically to the high layer. According to the current agreement, the reporting periodicity is equal to max ([10]ms, shortest periodicity of beam failure RSs). This design has couple of issues:
· The reporting periodicity is lower bounded by [10] ms. The timeline to declare beam failure would be enlarged unreasonably and the motivation of beam failure to combat sudden blockage would be lost.
· The reporting periodicity is determined by the smallest periodicity of beam failure RSs. That is not a fair design for RS with longer periodicity and that would result in multiple beam failure instance during one periodicity of one RS.      
To resolve the above issues, the reporting periodicity shall be determined by the largest periodicity of beam failure RSs and upper bound by 10ms.
Proposal 1: The periodicity of indicating beam failure instance to higher layer is equal to the largest periodicity of beam failure RS and upper bounded by 10ms. 
The following table provides the corresponding text proposal for Proposal 1:
	Text proposal for Proposal 1:
In TS 38.213
Section 6 Link Reconfiguration Procedures
…



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  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 minimum between the shortest largest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set  and X 10ms.  
…



Power offset configuration
The UE calculates the hypothetical BLER for a PDCCH by measuring the corresponding CSI-RS resource or SS/PBCH block. When estimating the hypothetical BLER, the UE needs to compensate the power offset between PDCCH and CSI-RS or SS/PBCH block. But the current design for configuring power offset for PDCCH, CSI-RS and SS/PBCH has some misalignment and not useable for the UE. Some clarification and re-design is needed for hypothetical BLER estimation.
In the current design, the power offset are configured as follows: (1) Each CSI-RS resource is configured with a Pc_SS, the power offset that CSI-RS resources with respect to SS/PBCH block. (2) The power offset Pc_PDCCH between CSI-RS and PDCCH is fixed to 0dB. This design has the following issues:
· The definition of Pc_PDCCH is not clear. Is it the power offset between one particular CSI-RS and PDCCH? Is it the power offset between all CSI-RS and PDCCH? If the power offset is defined as the ratio between one particular CSI-RS and PDCCH, the issue is we do not have any configured association between CSI-RS resource and PDCCH and there is no need to configure such. Furthermore, when configuring one CSI-RS resource, we do not know which PDCCH will be spatial QCLed to this CSI-RS resource. If the power offser is defined as the ratio between all CSI-RS resources to all the PDCCH for one UE. The issue here is we would have to force all the CSI-RS resource use the same Tx power, including the CSI-RS resource for CSI acquisition, tracking and beam management. 
· There is no power offset between PDCCH and SS/PBCH blocks. But one PDCCH can be configured to be spatial QCLed to a SS/PBCH block and the UE can be configured to monitor a SS/PBCH to estimate the hypothetical BLER of one PDCCH. Without power offset configuration, the UE is not able to estimate the hypothetical BLER. 
To resolve the issues here, the solution is to define the power offset of PDCCH with respect to SS/PBCH blocks. All the SS/PBCH blocks has the same Tx power and we shall use SS/PBCH as the baseline to defined the Tx power for PDCCH and CSI-RS resources. The design is:
· A Pc_PDCCH parameter to configure the ratio of SS/PBCH block EPRE to PDCCH EPRE;
· A Pc_SS of one NZP CSI-RS to configure the ratio of SS/PBCH block EPRE to NZP CSI-RS EPRE;
When the UE estimates hypocritical BLER for a PDCCH based on SS/PBCH block, the UE can scale the transmit power of SS/PBCH block by Pc_DCCH. When the UE estimates hypothetical BLER based on a CSI-RS resource, the UE can scale the transmit power of CSI-RS resource by Pc_SS and Pc_PDCCH.
Proposal 2: The PDCCH is configured with Pc_PDCCH, the Tx power offset with respect to the transmit power of SS/PBCH block. The UE shall compensate the Pc_PDCCH when estimating hypothetical BLER from a SS/PBCH block.
 The following table provides the corresponding text proposal for Proposal 2:
	Text proposal for Proposal 2:
In TS 38.213
Section 6 Link Reconfiguration Procedures
…


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 Qout,LR threshold for the periodic CSI-RS resource configurations assuming a the same transmission power offset between the periodic CSI-RS and PDCCH DM-RS is determined by Pc_SS and Pc_PDCCH. The UE applies the Qin,LR Qout,LR threshold for SS/PBCH blocks after scaling a SS/PBCH block transmission power with a value provided by higher layer parameter Pc_SSPc_PDDCH. 
…


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 and/or periodic CSI-RS configuration indexes from the set  and the corresponding L1-RSRP measurements that are larger than or equal to Qin,LR - Pc_SS.
…



New candidate beam selection





A UE can be configured with two RS sets  for the beam failure RS and  for the new candidate beam RSs.  When beam failure is declared, the UE shall report one or more CSI-RS resources indexex and/or SS/PBCH block indexes from set , whose L1-RSRP measurement is not less than the new beam identification threshold. Then the higher layer will choose one from those reported RS IDs as the new the beam  and the indicate PHY layer to transmit beam failure recovery request on UL resource associated with the selected new beam .









Those two sets  and  might have some overlap on some CSI-RS resources or SS/PBCH blocks. When they have overlap, the UE could choose a  that is in both sets    and  because different metrics are used for beam failure detection and new beam identification. To avoid choosing an already-failed beam as new candidate beam , the UE shall not choose one RS ID that is in both sets  and  as the new candidate beam  for beam failure request transmission.


Proposal 3: The UE shall not choose a beam that is contained in both sets  and  as a new candidate beam.
    The following table provides the corresponding text proposal for Proposal 3:
	Text proposal for Proposal 2:
In TS 38.213
Section 6 Link Reconfiguration Procedures
…


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. The reported periodic CSI-RS configuration indexes and SS/PBCH block indexes shall not be contained in set .
…



[bookmark: _GoBack]Configure Beam Failure RS
In our current design, beam failure RS can be configured through RRC signalling. Such design would meet latency issue due to the MAC-CE-based PDCCH beam indication. For PDCCH, RRC signalling is used to configure a set of K TCI states for a control resource set and then MAC-CE signalling is used to select one from those configured K as the active TCI state for the QCL configuration to that control resource set. With such setup, we meet the following latency issue. We use MAC-CE signalling to change and switch the beam for PDCCH. When the beams for one control resource set is switched, we would need to send a new RRC signalling to configure a beam failure RS for the corresponding control resource set. Different latency of MAC-CE signalling and RRC would cause misalignment to beam failure detection.

Proposal 4: Use MAC-CE signalling to configure and update beam failure RS set .
Conclusions
In this contribution, the remaining details for beam failure recovery mechanism are discussed. Based on the discussion, the following proposals are provided:
Proposal 1: The periodicity of indicating beam failure instance to higher layer is equal to the largest periodicity of beam failure RS and upper bounded by 10ms. 
Proposal 2: The PDCCH is configured with Pc_PDCCH, the Tx power offset with respect to the transmit power of SS/PBCH block. The UE shall compensate the Pc_PDCCH when estimating hypothetical BLER from a SS/PBCH block.


Proposal 3: The UE shall not choose a beam that is contained in both sets  and  as a new candidate beam.

Proposal 4: Use MAC-CE signalling to configure and update beam failure RS set .
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