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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1 NR#90b meeting [1], the following agreements were achieved:
· gNB response is transmitted via a PDCCH addressed to C-RNTI
· FFS: DCI format for gNB response
· Dedicated CORESET(s) is applied for monitoring gNB response for BFRQ. The CORESET is down-selected from the following two alternatives:
· Alt 1: the same CORESET (s) as before beam failure
· Alt 2: dedicatedly configured CORESET for beam failure recovery.
And there were also agreement in RAN1 NR#AH03 meeting [2]:
· 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.
· The QCL configuration for PDCCH contains the information which provides a reference to a TCI state
· Alt 1: The QCL configuration/indication is on a per CORESET basis
· The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.
· Alt 2: The QCL configuration/indication is on a per search space basis
· The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.
· Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)
And in RAN1#90 meeting [3], the following was agreed:
· 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
This contribution is focused on beam failure recovery.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Considerations on all and partial channel failure
According to previous agreement, beam failure is declared only when all serving control channels fail. The UE may trigger a beam recovery request when the beam failure is detected and candidate beam is identified from periodic CSI-RS and/or SSBs. Non-contention based PRACH can be used to send the beam recovery request along with the new beam ID identified by the UE. 
In addition to the all channel failure, it was agreed that the event of the partial channel fail, that is, a subset of serving control channels fail, should also be handled in NR. The subset of failed beams can be detected by beam monitoring at the UE. If not reported to the gNB, the partial channel failure will result in unnecessary multi-beam operations related to these failed beams. Therefore, it is beneficial to report to the gNB with the information of the failed beams to improve efficiency. Since the event of a beam in failure is detected at the UE, such kind of reporting can be fulfilled by a UE request different from the beam recovery request. To this end, a beam removing request can be defined for removing failed beam(s) from the serving beam set at the gNB.
This means, besides the beam recovery request, there should be more types of UE request regarding beam tracking to be supported in NR. More generally, there may be other UE requests to be considered, similar to beam recovery or removing request. For example, the beam switching request can be defined to request for switching a serving TX beam A of degraded quality to an emerging new TX beam B of high quality in downlink. In another example, the beam adding request may be defined to add a newly identified TX beam of high quality to the current serving beam set. These kinds of requests enable a flexible beam tracking framework, which allows the UE to inform the gNB about what happens in downlink TX beams in a timely and concise way.
To avoid the possible ambiguity at the gNB, the type information about beam tracking request may be sent along with the beam ID information in a UE request by PUCCH channel. The type information specifies to the gNB what kind of the UE request is sent, e.g., beam recovery, beam switching, beam adding or beam removing, and etc.. The PUCCH still works well in the case of partial channel fail. Therefore, the PUCCH is suitable for sending these beam tracking requests, considering not only the beam ID but also the beam tracking type information should be provided to the gNB. Moreover, the PUCCH can be triggered by the UE in a resource preconfigured by the gNB for a regular beam reporting. To avoid possible blind detection, the UCI of these beam tracking requests should be carefully designed by the same PUCCH format.
Proposal 1: NR should support more types of beam request on PUCCH, e.g., for failed beam removing or new beam adding, in addition to beam failure recovery, in order to better handle the case of partial beam failure. 
3 Discussions on response to beam tracking request
Upon receiving a beam tracking request from the UE, the gNB should response to the UE request if needed. There are several options for the gNB. In one option, the gNB may trigger a full beam management procedure based on the new beam identified by the UE, and send the corresponding signalling to the UE. In this option, both beam measurement and beam reporting are triggered by the gNB. In another option, the gNB may trigger a partial beam management enabling a beam reporting only, which indicates the UE to further report a beam based on some preconfigured beam measurement resources, or simply update a beam reporting to the latest one. These two options are shown in Figure 1, where in both cases a beam tracking request is followed by a beam management for beam refinement. The triggered beam management for beam refinement is helpful especially when the new beam identified by the UE is not so desirable.
[image: ]
Figure 1 Beam tracking request followed by a beam management
Observation 1: It is not always necessary to trigger a beam management for beam refinement following the beam tracking request in beam tracking or beam recovery.
In contrast to the above two options, the third option may be beneficial when there is no need to perform any beam refinement following the beam tracking request. In the third option, as shown in Figure 2, the gNB may simply send an acknowledgement in response to the UE request for two purposes: confirm that the beam tracking request is received and meanwhile the beam tracking request is granted. The response from the gNB is explicitly sent to the UE, in order to improve the reliability during the beam tracking. Since the beam tracking request is granted, the corresponding setting, e.g., beam switching/removing/adding, and other related setting like QCL indication, will take effect as what is requested by the UE accordingly after a certain time offset. 
[image: ]
Figure 2 Beam tracking request followed with no beam management
In the third option, the PDCCH can be used to acknowledge the beam tracking request from the UE, and the UE shall monitor the response from the gNB. There are two candidate solutions for PDCCH. In one solution, the PDCCH for acknowledgement can be scrambled by a UE-specific ID, and UE applies such an ID to descramble the PDCCH for detecting an acknowledgement. In another solution, the PDCCH can be scrambled by an ID common to a group of UEs, and are used to acknowledge the beam tracking requests to each of them by using a specific DCI field carried in the PDCCH. 
Proposal 2: PDCCH can be used to confirm and grant the beam tracking request from the UE if no further beam refinement is needed in the beam tracking or beam recovery.
4 Conclusion
This contribution provided our observations and proposals for beam failure recovery in NR. And particularly, there are:
Proposal 1: NR should support more types of beam request on PUCCH, e.g., for failed beam removing or new beam adding, in addition to beam failure recovery, in order to better handle the case of partial beam failure.  
Observation 1: It is not always necessary to trigger a beam management for beam refinement following the beam tracking request in beam tracking or beam recovery.
Proposal 2: PDCCH can be used to confirm and grant the beam tracking request from the UE if no further beam refinement is needed in the beam tracking or beam recovery.
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