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1.  Introduction 

In this contribution, we provide our view and analysis on remaining issues on beam failure recovery.
2.  UE behavior in gNB response window
Agreement (RAN1#90bis):
· Support  RRC configuration of a time  duration for a time window  and a dedicated CORESET for a UE to monitor gNB response for beam failure recovery request.

· UE assumes that the dedicated CORESET is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request.
· FFS: multiple dedicated CORESETs can be configured to a UE, where each CORESET can have different spatial QCL configuration
·  Note: the time window is determined by a fixed time offset defined in the spec with respect to beam failure recovery request transmission and the RRC  configurable time duration starting from the fixed time offset. 
· FFS the value of fixed time offset k (slots).
It was agreed that a dedicated CORESET-BFR is configured for monitoring gNB response within a response window. Outside of the gNB response window, e.g., between gNB response windows or before the transmission of beam failure recovery request, UE is configured with other CORESETs for normal dedicated PDCCH blind decoding. PDCCH blind decoding attempt is a resource-demanding operation so that a total amount on the PDCCH blind decoding attempts to be performed within a time unit requires proper definition. 
CORESET-BFR monitoring in gNB response window should not impose additional requirement on UE complexity. During gNB response window, if UE is mandated also to monitor originally configured CORESETs, some PDCCH blind decoding operation should be reserved for CORESET-BFR and the originally CORESETs cannot fully benefit from UE’s full blind decoding power. In the cases where original CORESET(s) are not configured for every slots, CORESET-BFR may be TDM’ed with original CORESET(s) so that within gNB response window, both types of CORESETs can be monitored. However, in an extreme case where original CORESET(s) is configured for every slot, some margin needs to be reserved for blind decoding on CORESET-BFR if they are to be monitored simultaneously in gNB response window. Besides, in the extreme case, it is very likely that spatial QCL assumption of the two types of CORESETs is different. It could be beyond UE capability to monitor them simultaneously.

Thus, a simpler and clearer operation is not to set such constraint on original CORESET(s) and does not mandate UE to monitor original CORESET(s) during gNB response window. Since beam failure recovery is an exceptional case handling procedure, it is not expected to happen frequently. Performance loss, if any, would be limited. Whenever possible, it is up for UE to decide to perform additional monitoring on original CORESET(s).

Proposal 1: UE is not expected to monitor CORESET(s) other than CORESET-BFR during gNB response window.
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 assume 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. 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 when non-contention based PRACH beam failure recovery is terminated. To our understanding, there could be three cases that the RAN2 condition is fulfilled:

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, but trigger condition for transmitting beam failure recovery request by using the provided dedicated resource cannot be met.
3. Higher layer parameter Candidate-Beam-RS-List and Beam-failure-recovery-request-RACH-Resource are provided, but UE does not receive any gNB response after beam failure recovery request transmission(s).
Proposal 3: contention-based RACH procedure can be used for beam failure recovery when

· 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.

· Higher layer parameter Candidate-Beam-RS-List and Beam-failure-recovery-request-RACH-Resource are provided, but a gNB response cannot be received before reaching preambleTransMax or before beamFailurerRecoveryTimer expiry.
5. 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 
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 to include SS/PBCH blocks and periodic CSI-RS configurations with same values for higher layer parameter TCI-StatesPDCCH as for control resource sets that the UE is configured for monitoring PDCCH as described in Subclause 10.1. 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 8.1. After 4 slots from the slot of the PRACH transmission, the UE monitors PDCCH for a DCI format with CRC scrambled by C-RNTI, within a window configured by higher layer parameter Beam-failure-recovery-request-window, and receives PDSCH according to an antenna port quasi co-location associated with periodic CSI-RS configuration or SS/PBCH block with index 
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 in set 
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, in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET. UE is not expected to monitor control resource set other than the one indicated by Beam-failure-Recovery-Response-CORESET during the window Beam-failure-recovery-request-window.
A UE can be instructed by higher layer to perform random access procedure as described in Subclause 8 when

· The UE does not receive higher layer parameter Candidate-Beam-RS-List and Beam-failure-recovery-request-RACH-Resource.

· Higher layer parameter Candidate-Beam-RS-List and Beam-failure-recovery-request-RACH-Resource are provided, but the UE does not receive a PDCCH for a DCI format with CRC scrambled by C-RNTI according to an antenna port quasi co-location associated with periodic CSI-RS configuration or SS/PBCH block with index 
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 in set 
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, in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET in all possible windows determined based on higher layer parameter Beam-failure-recovery-request-window.
---- end of text change ----------------
6. Conclusion

In summary, based on the above discussion we have the following proposals:
Proposal 1: UE is not expected to monitor CORESET(s) other than CORESET-BFR during gNB response window.
Proposal 2: 2-port CSI-RS is not supported for beam failure detection
Proposal 3: contention-based RACH procedure can be used for beam failure recovery when
· 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.

· Higher layer parameter Candidate-Beam-RS-List and Beam-failure-recovery-request-RACH-Resource are provided, but a gNB response cannot be received before reaching preambleTransMax or before beamFailurerRecoveryTimer expiry.
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