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1.  Introduction 

In this contribution, we provide our view and analysis on remaining issues on beam failure recovery.
2. Beam failure detection reference signal capability

In current version of UE feature list [1], maximum number of reference signals that can be configured for monitoring PDCCH quality is addressed. The limit is set separately for SSB and for CSI-RS. However, based on current structure, it is not clear if the actual limit on the total number of BFD RSs is the combination of the individual limits for SSB and CSI-RS or not. At the moment, the suggested maximal number is 2, both for SSB and for CSI-RS. Ambiguity exists when both SSB and CSI-RS are used for BFD. In the particular example, is it 4 or 2. To resolve the ambiguity, an additional component to the feature group should be introduced to clarify the limit when both SSB and CSI-RS are both used for BFD.
Proposal 1: introduce another component in “beam failure recovery” feature group to clarify the maximum number of BFD RS when both SSB and CSI-RS are configured.
3. CSI-RS resource for beam failure detection
Working assumption (RAN1#91):

1. 2 port CSI-RS is not supported for RLM purposes

For beam management purpose, both 1-port/2-port CSI-RS and SSB are supported. Since beam management requires simply L1-RSRP measurement, it was agreed that linear average of each CSI-RS port for a 2-port CSI-RS resource is computed. 

However, for beam failure detection, PDCCH hypothetical performance (i.e., BLER) is used. Both CSI-RS and SSB can be used as monitor target for calculating hypothetical performance of PDCCH. Since CSI-RS and SSB comes with different structures, the hypothetical performance mapping from CSI-RS and from SSB needs to be performed individually. If one further assumes that both 1-port and 2-port CSI-RS are supported for beam failure detection, there would be totally 3 different mappings that need to be established and then tested in RAN4. Considering that PDCCH is a 1-port channel, we think that 2-port CSI-RS for PDCCH beam failure detection needs to be further studied, before adopted.

Additionally, it is sensible to have beam failure detection reference signal to align with RLM reference signal since both of them attempt to monitor NW-UE connection for control channel, though in different layers. Aligned behavior between RLM and beam failure detection should prevent e.g., RLM OOS is triggered while beam failure is not detected. This can be achieved if same reference signal is used for both purposes. Since RLM does not support 2-port CSI-RS for IS/OOS detection, we see no clear benefit of supporting 2-port CSI-RS for beam failure detection.

Proposal 2: 2-port CSI-RS is not supported for beam failure detection
4. New beam selection

Agreement (RAN1 NRAH_1801):
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
In current version of 38.213 [2], how a new candidate beam is selected for beam failure recovery request transmission remains TBD. However, it is our understanding that in Vancouver meeting, such mechanism has been captured already. In particular, PHY would provide to higher layer a subset of {beam RS index, L1-RSRP measurements} that satisfies L1-RSRP threshold requirement, upon higher layer request. Essentially, higher layer will then perform new candidate beam selection and indicate UE with PRACH resources used for beam failure recovery request transmission.

Up to this step, it is transparent to PHY on which beam RS index is actually selected. However, for UE to perform gNB response monitoring, additional information on the selected beam RS index is required. PHY does possess the information for deriving the beam RS index based on the indicated PRACH resources.

Proposal 3: Upon indicated with PRACH resource used for beam failure recovery request transmission from higher layer, PHY also receives a beam RS index for subsequent monitoring of gNB response.
5. Contention-based RACH

Agreements (RAN2#100)
1. Beam failure recovery using a dedicated PRACH preamble is specified in the MAC and triggered upon indication from Physical layer.  RAN2 assumes that the PHY layer does the detection of beam failure.    

2. Beam selection is specified in the MAC similar to the HO case
3. The UE uses contention free when there is a beam associated to a dedicated “preamble/resource” and the beam is above a threshold.  Otherwise use contention based.  
In LS from RAN2 [1], RAN2 has agreed to use contention-based RACH for beam failure recovery purpose. While RAN1 has not reached similar agreement, the RAN2 decision does not conflict with RAN1 design. What’s needed additionally is to define conditions where contention-based RACH can be applied.
From RAN2 agreement, contention-based RACH can be used when no new beam can be identified from the list of candidate beam defined in higher layer parameter Candidate-Beam-RS-List. Based on current RAN1 design, UE would try to identify a new beam from Candidate-Beam-RS-List, if configured, and perform corresponding beam failure recovery request transmission until either a maximum request transmission number, preambleTransMax, is reached or when beamFailurerRecoveryTimer expires. Thus, UE would only know that a new candidate beam associated with dedicated PRACH resource cannot be found if either of the following two conditions are met:

1. Higher layer does not provide Candidate-Beam-RS-List and Beam-failure-recovery-request-RACH-Resource so that there is no dedicated PRACH resources for performing beam failure recovery request transmission.

2. Higher layer parameter Candidate-Beam-RS-List and Beam-failure-recovery-request-RACH-Resource are provided, no candidate beam from Candidate-Beam-RS-List which fulfill threshold requirement can be found before beamFailureRecoveryTimer expires.
Applying contention-based PRACH after condition 2 is met would mean that both contention-free and contention-based resources are used. While we do see use cases for such configuration, detailed mechanism is still missing. Considering limited time budget for Rel-15, we think focusing on condition is more feasible
Proposal 4: Contention-based RACH procedure can be used for beam failure recovery if Candidate-Beam-RS-List and Beam-failure-recovery-request-RACH-Resource are not configured to UE
· FFS: the case “Candidate-Beam-RS-List and Beam-failure-recovery-request-RACH-Resource are configured but no candidate beam from Candidate-Beam-RS-List fulfilling threshold requirement can be found before beamFailureRecoveryTimer expiry”
6. Text proposal for Section 6 TS 38.214
---- start of text change ----------------

A UE can be configured, for a serving cell, with a set 
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 of periodic CSI-RS resource configuration indexes by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and with a set 
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 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 
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 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 
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, the UE determines that the set 
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 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. Periodic CSI-RS resource in the set 
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 shall be 1-port CSI-RS resource.
---- end of text change ----------------
---- start of text change ----------------
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 Error! Reference source not found.. 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 
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, the UE monitors PDCCH for detection of a DCI format 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 index 
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 is indicated to UE from higher layer when UE receive the PRACH transmission configuration.
A UE can be instructed by higher layer to perform contention-based random access procedure as described in Sbuclause 8 if Candidate-Beam-RS-List and Beam-failure-recovery-request-RACH-Resource are not configured to UE.
---- end of text change ----------------
7. Conclusion

In summary, based on the above discussion we have the following proposals:
Proposal 1: introduce another component in “beam failure recovery” feature group to clarify the maximum number of BFD RS when both SSB and CSI-RS are configured.
Proposal 2: 2-port CSI-RS is not supported for beam failure detection
Proposal 3: Upon indicated with PRACH resource used for beam failure recovery request transmission from higher layer, PHY also receives a beam RS index for subsequent monitoring of gNB response.
Proposal 4: Contention-based RACH procedure can be used for beam failure recovery if Candidate-Beam-RS-List and Beam-failure-recovery-request-RACH-Resource are not configured to UE
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