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1. [bookmark: OLE_LINK2]Introduction
At the RAN1#90 meeting, following agreements have been agreed for beam failure handling:
	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


Based on this discussion, beam failure handling can be divided into two cases. In case all configured multi-beam control channels fail, beam recovery procedure shall be used to identify new beams for control channel. In case a subset of configured multi-beam control channels fail, it is assumed that at least some of the beams are still alive for PDCCH transmission. In this case, normal beam management process shall be able to handle this issue. To distinguish between these two cases, we make the following two categories.
Category 1: Partial beam recovery: a subset of configured multi-beam control channels fail.
Category 2: Full beam recovery: all configured multi-beam control channels fail and beam recovery procedure shall be used to identify new beams for control channel.
2. Remaining issues of partial beam recovery procedure
In case of a subset of serving PDCCH beam fails, there is still high probability for the UE to report the status to the gNB. As Fig. 1 (a) shows, beam #3 fails while beam #1 is identified as the new candidate beam, gNB can decide whether to switch the serving beam from beam #3 to beam #1. And relatively candidate beam pool updates e.g., from beam #1,4,5 to beam #0,3,4 may issue of gNB implementation. If no new candidate beam is identified among the candidate beam pool, gNB shall change the beams for further new candidate beam identification. As Fig. 1 (b) shows, beam #3 fails while no new candidate beam identified in previous candidate beam pool, gNB can re-configure beam #0 and #6 for further new candidate beam identification, e.g., beam #0 is identified as the new candidate beam.
UE can simply report the partial PDCCH beam failure information to gNB or report the latest PDCCH beam quality to gNB. Usually, gNB has more knowledge to help the decision on whether to trigger the PDCCH beam replacement procedure. It is hard for UE to decide when to trigger the beam replacement procedure. Therefore, the PDCCH beam quality information should be fed back to gNB, and then gNB can decide whether to trigger the beam replacement.
To support such feature, a straightforward way is that gNB configures UE to report the PDCCH beam quality. Based on such reporting, the gNB can do at least to following to improve the transmission.
· Select the beams for real PDCCH transmission, e.g., use the beam with better quality.
· Switch PDCCH beams, e.g., replace beams with bad quality
· Trigger additional beam management, e.g., in case further beam refinement is necessary to improve PDCCH beam quality.
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(a) new candidate beam found
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(b) no new candidate beam found
Figure 1 Beam switching procedure when a subset of serving control channel fail
Based on the above analysis, we propose the following.
Proposal 1: Support reusing existing periodic PUCCH-based beam report resources for reporting beam status to handle subset beam failure.
3. Remaining issues of full beam recovery procedure
Quality measure and evaluation for beam failure 
From the email discussion after RAN 1#90b meeting, agreements on criteria for beam failure detection is as follows:
	Agreements (email discussion [90b-NR-17]):
· Confirm the following working assumption: 
· Beam failure detection is determined based on the following quality measure: 
· Hypothetical PDCCH BLER


In case of full beam failure, it has been agreed that beam failure would be declared when all serving control channel fail, which means that the UE shall monitor CSI-RS or SS block to “judge” whether PDCCH can be detected or not. For each PDCCH transmission, the gNB shall configure it associated with one RS resource, based on the measurement of that RS resource, the UE can estimate PDCCH channel quality using hypothetical PDCCH BLER.
As the hypothetical performance of PDCCH is adopted as the criteria, the next step is how to set the threshold for the quality of RS resource. There are multiple aggregation levels for PDCCH, and depending on which aggregation level is selected, the required SINR for PDCCH BLER target is different. The target quality of a RS resource to judge whether PDCCH can be detected or not should assume on aggregation level.
Proposal 2: The hypothetical performance criteria for NR-PDCCH beam failure detection should be based on specific parameters, e.g., a specific aggregation level over a specific CORESET.
UL channels for beam recovery request transmission
At RAN 1#89 meeting, agreements on criteria for beam failure detection is as follows:
	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 


It was agreed to support both non-contention based PRACH and PUCCH for beam failure recovery request transmission, however, the use case for PUCCH is still unclear. In our understanding, PUCCH can only be used when there are still available links between gNB and UE at least for the UL channel. For example, in case of without beam correspondence, when all DL beam are failed, the UL channel may still available. However, it is not reliable for UE to assume that the UL channel is still available and transmit beam recovery request by using the specific UL channel. And PUCCH with beam sweeping is not supported as we already have PRACH based beam sweeping, and the spec. impact for supporting PUCCH with beam sweeping is not clear. 
Proposal 3: PUCCH based beam recovery request transmission is not supported until Dec. 2017.
4. Summary
Based on the discussion, we have the following proposals.
Proposal 1: Support reusing existing periodic PUCCH-based beam report resources for reporting beam status to handle subset beam failure.
Proposal 2: The hypothetical performance criteria for NR-PDCCH beam failure detection should be based on specific parameters, e.g., a specific aggregation level over a specific CORESET.
Proposal 3: PUCCH based beam recovery request transmission is not supported until Dec. 2017.
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