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1. Introduction
In RAN1#88b and #89 meetings, the following agreements related to beam failure recovery were achieved [1-2]:
· UE Beam failure recovery mechanism includes the following aspects
· Beam failure detection
· New candidate beam identification
· Beam failure recovery request transmission
· UE monitors gNB response for beam failure recovery request
· Beam failure detection 
· UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met
· Beam failure detection RS at least includes periodic CSI-RS for beam management
· SS-block within the serving cell can be considered, if SS-block is also used in beam management as well
· FFS: Trigger condition for declaring beam failure
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters
[bookmark: OLE_LINK15]Beam failure detection RS associated with NR-PDCCH will be used to identify a beam failure event. However, search space (UE-specific vs. common) of the NR-PDCCH used in the detection has not been determined. Besides, multiple NR-PDCCHs will be supported according to the following agreement [2],
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately
In this contribution, we share our views on beam failure recovery procedure which includes NR-PDCCH monitoring and beam failure recovery request transmission, especially with consideration of the multiple NR-PDCCHs case.
2. NR-PDCCH monitoring
To increase the reliability of NR-PDCCH, UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously or in different NR-PDCCH OFDM symbols. In both cases, resources for NR-PDCCH monitoring and/or beam information need to be indicated in the configuration information. The resources for beam failure detection can include RS in NR-PDCCH, periodic CSI-RS and/or SS-block. Beam information can include CSI-RS resource IDs, SS-block indices, antenna port indices, beam pair link (BPL) indices or QCL assumptions. In RAN1 #89 meeting, multiple NR-PDCCHs each scheduling a respective NR-PDSCH are agreed. In this case, all these NR-PDCCHs need to be monitored, since they might carry different control signaling. 
Observation: In multiple NR-PDCCHs case, all these NR-PDCCHs need to be monitored by UE.
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]The payload size of the configuration of QCL for UE specific NR-PDCCH might be increased with the number of NR-PDCCHs and/or BPLs. Besides, the resources containing beam failure detection RS and BPLs will not vary quickly due to the channel propagation characteristic. Therefore, it has been agreed that configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signaling. Besides, the necessity of DCI signaling for this purpose is FFS.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]When the configuration of QCL for UE specific NR-PDCCH is carried by RRC and MAC-CE signaling, in order to keep QCL assumptions unchanged within one configuration period, there might be some limitations on scheduling. Considering both overhead and scheduling flexibility, DCI signaling should also be used in the configuration of QCL. For example, RRC and/or MAC CE signaling is used to carry original configuration and DCI signaling is used to update/adjust the configuration.
Proposal 1: Considering overhead and scheduling flexibility, DCI signaling should also be used in the configuration of QCL. Then the following configuration methods can be considered
· RRC signaling + DCI signaling
· RRC signaling + MAC CE signaling + DCI signaling
In the multiple NR-PDCCHs case, multiple NR-PDCCHs can be received via K≥1 beam pair links simultaneously or via different BPL(s) in different NR-PDCCH OFDM symbols [3]. In order for a UE to distinguish them and detect beam failure events respectively, NR-PDCCHs which have different contents or are transmitted by different TRPs should be indicated in the configuration explicitly or implicitly. For example, multiple groups or sets of resources and/or beams/BPLs can be configured in RRC and/or MAC CE signaling to distinguish different NR-PDCCHs, each group corresponding to one NR-PDCCH of one TRP and containing related resources and/or beams/BPLs. Then during the beam failure detection procedure, a beam failure recovery request will be transmitted if any one group meets the trigger condition.
Besides, multiple groups or sets of resources and/or beams/BPLs can also be configured in RRC signaling and/or MAC CE signaling. And then, one or multiple groups can be chosen for one scheduling unit and indicated to the UE by DCI signaling to increase scheduling flexibility. For example, to support scheduling with different number of users, narrow and wide beams both can be included in the configuration. One group contains beams/BPLs with wide beams, and it can be used when the UE is scheduled simultaneously with a large number of other users. The other group contains beams/BPLs with narrow beams, which is suitable for the case of a small number of scheduled users. Different groups can also be used in different NR-PDCCH OFDM symbols. It is an implementation issue for the gNB to decide the grouping principle and configure beam/BPL groups. The gNB can decide the members of the group according to its scheduling requirements.
[bookmark: OLE_LINK8]Proposal 2: Multiple groups or sets of resources and/or beams/BPLs can be configured in RRC and/or MAC CE signaling to distinguish NR-PDCCHs or to increase scheduling flexibility.
3. Beam failure recovery request transmission
[bookmark: OLE_LINK7]Considering the triggering threshold, the number of failed beams (X) to trigger a beam failure event might be smaller than or equal to the configured number of BPLs (Y). Even if X can be configured according to the traffic of the user, it is still a hard decision. In other words, there are only two states in the beam recovery procedure, failure or not failure. A transition state (or multiple triggering thresholds) can be introduced to further reduce recovery latency. For example, several (not all of) BPLs failure will trigger UE to report current failure event. In order for gNB to distinguish different states, different UL signal can be adopted in different states. For example, SR or grant free PUSCH can be transmitted when several BPLs fail, and non-contention based channel based on PRACH is used to declare a final beam failure event.
Proposal 3: SR or grant free PUSCH can be transmitted when several BPLs fail, non-contention based channel based on PRACH is used to declare a final beam failure event.
As we discussed in Section 2, multiple groups or sets of BPLs can be configured for NR-PDCCH monitoring. When more than one groups/sets are used in one scheduling unit, any group/set of BPLs failure should trigger a beam failure event. In order for gNB to distinguish different BPL groups/sets, an association between group/set index and beam recovery request signaling should be established.
Proposal 4: Configure an association between group/set index and beam recovery request signaling.
4. Terminology
In the RAN1 discussions so far on this topic the new terminology “beam failure” has been used. Unfortunately, this may be misleading since it suggests some similarity with “radio link failure”. In practice a “failed beam” may still be useable for communication. However, the general understanding of beam failure seems to be that it occurs when a control channel on a beam (or beams) currently in use suffers from a major loss in quality, therefore we offer the following proposal:
Proposal 5: In future discussion use the term “beam quality failure” rather than “beam failure” 
5. Conclusions
In this contribution, we discuss configuration method for NR-PDCCH monitoring and beam failure event declaration. Based on these discussions, we have the following proposals:
Observation: If multiple NR-PDCCH from multiple TRPs are supported, all these NR-PDCCH need to be monitored.
Proposal 1: Considering overhead and scheduling flexibility, DCI signaling should also be used in the configuration of QCL. Then the following configuration methods can be considered
· RRC signaling + DCI signaling
· RRC signaling + MAC CE signaling + DCI signaling
Proposal 2: Multiple groups or sets of resources and/or beams/BPLs can be configured in RRC and/or MAC CE signaling to distinguish NR-PDCCHs or to increase scheduling flexibility.
Proposal 3: SR or grant free PUSCH can be transmitted when several BPLs fail, non-contention based channel based on PRACH is used to declare a final beam failure event.
Proposal 4: Configure an association between group/set index and beam recovery request signaling.
Proposal 5: In future discussion use the term “beam quality failure” rather than “beam failure”
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