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1 Introduction

In RAN#79 meeting, the updated NR specifications after RAN1#92 meeting were endorsed. It has been agreed that RAN1 shall continue to focus on stabilizing the current Rel-15 NR specifications in RAN1#92bis and RAN1#93 meetings. There are some remaining details on beam recovery which need to be refined or updated in the specification. We provide our TPs on beam recovery related issues in this contribution.
2 Beam recovery related issues
UE behaviour for recovery timer considering additional support of CBRA
The motivation of recovery is based on the new candidate beam identification besides detecting beam failure. Therefore, similar to contention free based recovery, the contention based PRACH re-transmission should also be based on the new candidate beam satisfying the same threshold. Otherwise, switching serving beam as before recovery to the new candidate beam is meaningless and also miss the chance of auto-recovery of serving beam caused by removal of blockage or strong interference. 
Proposal-1: Regardless of contention based or contention free based recovery, the PRACH transmission occurs only if the channel qualities of newly identified candidate beams meet the pre-configured threshold besides detecting beam failure.
· Include above as part of LS to RAN2.
In RAN1#92bis, the following agreement has been reach for interpreting UE behavior considering recovery timer and CBRA. Upon expiry of the configured recovery timer, contention free based beam recovery procedure should be considered to be unsuccessful.

	Agreement: 

· Send an LS to RAN2 with following information

· RAN1 confirms the need for beamFailureRecoveryTimer and keep its uses as current RAN1 agreement

· Note: unsuccessful CFRA based BFR upon expiry of beamFailureRecoveryTimer means that UE shall not use CFRA for BFR after beamFailureRecoveryTimer expired and no indication to higher layer is required

· The following use case will be captured in the LS

· Candidate beam selection for contention-free PRACH-based BFR is based on L1-RSRP. For qualified candidate beam but poor SINR, the timer enables UE to try contention-based PRACH resources after timer expires 

· Note: CBRA resource can be used when there is no candidate beam identified from candidate-beam-RS-list, as described by TS 38.321 section 5.1.2.

· beamFailureRecoveryTimer does not apply to the use of CBRA resources.


Additionally, upon expiry of the configured recovery timer, RLF can be triggered to RRC layer in UE sides for Scell, since there is not RLM and the RLF introduced by the recovery procedure is very necessary. 
To be more specific, we have the following procedure for supporting contention based recovery besides contention free.
· Step 1: The starting point of recovery timer is from N consecutive beam failure instances, irrespective of the cases of contention-free based recovery only, or joint contention and contention-free based recovery. In the case of contention based recovery only, the recovery timer is not used.
· Step 2: PRACH transmission for recovery occurs only if the channel quality of newly identified candidate beams meet the pre-configured threshold besides detecting beam failure. (Note that candidate beams for contention based recovery is also monitored in PHY and candidate beams satisfied the same threshold would be provided to MAC layer, like contention free based recovery).
· Contention-free based recovery has higher priority than contention based one, if both configured for one UE; but, if only beams associated for contention based recovery are found but not for contention free, the PRACH associated with contention based recovery is transmitted.

· Step 3: To increment counter by 1 once PRACH is retransmitted.
· Step 4: To monitor the gNB response, 
· For contention-free based recovery, the recently agreed procedure is kept unchanged, i.e., monitoring the dedicated CORESET for recovery in PDCCH scrambled with C-RNTI until reconfiguration of TCI states of PDCCH.

· For contention based recovery, the procedure of initial access (e.g., for Msg1~Msg4) is reused at least in Rel-15. 
· Step5: Upon timer expiry if contention free based recovery is configured or reaching max. # of PRACH transmissions, beam failure recovery is considered unsuccessful, and then signaling from MAC-CE to RRC is notified as one condition for triggering RLF.
Triggering condition for beam recovery request transmission
In RAN1#91, L1-RSRP has been agreed to be used as one RRC configured metric for new candidate beam identification. Taking into account that channel interference cannot be distinguished in terms of L1-RSRP, one candidate beam may NOT work well in the case of strong interference and this detection error severely impact the performance of beam recovery, like ping-pong. Therefore, while maintaining the current architecture of new candidate beam identification, L1-RSRP is also used to down-select candidate beams based on a L1-RSRP threshold, and also the selected candidate beam to be reported should fulfil a BLER threshold, which can also reuse the threshold of OOS in RLM . 
Taking into account the blockage, the attenuation for the specific cluster can be approximated as a piecewise linear, which has a period with linear degradation, a period with constant attenuation in Ls dB and a period with attenuation decreases, as shown in Figure 1. There exists the decay time 
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of around 100 ms or more from the start of blockage to reach the period with constant attenuation, which means that UE might find this event within this decay through beam recovery. Therefore the indication interval of beam recovery to higher layer should be significantly shorter than this 
[image: image2.wmf]decay

t

, and the lower bound of 10 ms or less sounds to be reasonable.
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Figure 1  Cluster-related power attenuation induced by blockage
Proposal-2: For beam failure detection and new candidate beam identification, the following aspects should be supported.
· Besides RRC configured L1-RSRP threshold, the selected candidate beam to be reported should also fulfil the same BLER threshold as OOS in RLM. 
NW response for beam failure recovery request 

Taking into account there exist two types of CORESET, i.e., the dedicated CORESET for beam recovery and the normal CORESET(s) configured as before beam failure. Therefore, UE behaviour of monitoring CORESET should be specified. The time region has been shown in Figure 2. In order to guarantee the robustness of transmission, UE should monitor normal CORESET(s) also as default, e.g., region-A in Figure 2. But once gNB response to beam recovery is received, the UE can only monitor the dedicated CORESET until reconfiguration.  
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Figure 2 Beam recovery procedure
Proposal-3: 

· Within the window configured for monitoring gNB response for beam recovery,

· Before successfully receiving gNB response for beam failure recovery request transmission, UE shall monitor CORESET-BFR and the CORESET(s) configured as before beam failure 

· Only the CORESET(s) configured as before beam failure are monitored after the window, if gNB response is not received successfully within the window
3 TPs on beam recovery related issues
If UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the determining DL RSs for beam failure detection should be clarified when two DL RSs are configured in TCI state, and so we have the following TP.
TP: The text in the first paragraph in {38.213：6
Link recovery procedures }

	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 failureDetectionResources and with a set 
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 of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter candidateBeamRSList for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter failureDetectionResources, 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 with respect to spatial Rx parameter in the RS sets indicated by the TCI states for respective control resource sets that the UE uses for monitoring PDCCH. The UE expects single port RS in the set 
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4 Conclusion

In this contribution, we provide the following proposals and also TPs on beam recovery related issues to the current NR specifications.

Proposal-1: Regardless of contention based or contention free based recovery, the PRACH transmission occurs only if the channel qualities of newly identified candidate beams meet the pre-configured threshold besides detecting beam failure.
· Include above as part of LS to RAN2.
Proposal-2: For beam failure detection and new candidate beam identification, the following aspects should be supported.
· Besides RRC configured L1-RSRP threshold, the selected candidate beam to be reported should also fulfil the same BLER threshold as OOS in RLM. 
Proposal-3: 

· Within the window configured for monitoring gNB response for beam recovery,

· Before successfully receiving gNB response for beam failure recovery request transmission, UE shall monitor CORESET-BFR and the CORESET(s) configured as before beam failure 

· Only the CORESET(s) configured as before beam failure are monitored after the window, if gNB response is not received successfully within the window
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