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1 Introduction
The following agreements related to beam recovery and beam reporting are obtained in RAN1 NR AH meeting [1], and summarized as 
Agreements:
· NR supports that UE can trigger mechanism to recover from beam failure 

· Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose

· Support configurations of resources where the base station is listening from all or partial directions, e.g., random access region

· FFS: Triggering condition of recovery signal (FFS new or existing signals) associated UE behavior of monitoring RS/control channel/data channel
· Support transmission of DL signal for allowing the UE to monitor the beams for identifying new potential beams

· FFS: Transmission of a beam swept control channel is not precluded

· This mechanism(s) should consider tradeoff between performance and DL signaling overhead

Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking

· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where

· M≥1. Maximum value of M may depend at least on UE capability.

· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols

· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 

· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).

· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design
· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE
Agreements:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:
· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include

· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both
· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K

· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, etc.
In this contribution, we discuss the related issues of UE triggered beam reporting for beam recovery in NR. 
2 Motivation on beam recovery
Beamforming at TRP and UE has been considered as one basic principle to overcome the path-loss issue in high frequency bands. For beam-formed system, how to find and maintain the best or satisfactory TRP-UE beam pair is an important problem. 
Different from low-frequency bands, mmWave signals usually do not diffract around or penetrate obstacles, and thus the highly directional links between UE and TRP is vulnerable. In particular, the blockage caused by moving humans or vehicles, UE movement, or UE rotation might result in different levels of beam misalignment between TRP and UE. And the blockage can be divided into two different kinds in the mmWave systems.
· Short time blockage: For example, blocked by passing cars, the original beam will be built up soon

· Long time blockage: For example, blocked by human beings or an obstacle, new beam will be built upand the original beam will be given up. 
In short time blockage scenario, the data transmission can be recovered in a very short time period. However, long time blockage may cause repeated failure of data transmission and result in link failure. To avoid the link failure caused by long beam blockage, a beam recovery mechanism is needed to maintain the communication between TRP and UE by changing from current misaligned beam pair to other feasible beam pair(s). Different beam recovery procedures could lead to different performance in robustness and time delay. 
3 Beam grouping
To enhance the transmission robustness and reduce the time delay during beam recovery procedure, it is beneficial to prepare a set of candidate beam pairs at UE and TRP side. The candidate beam pairs can be determined in the following way. 
For DL, based on beam measurement results of different TRP Tx beams, UE could find several preferred TRP Tx and UE Rx beam pairs. The preferred beam pairs can be defined as the Tx and Rx beam pairs whose RSRP values are greater than a threshold.  When severe blockage is occurred, it is of high probability that the beam pairs with similar direction may all be blocked. Therefore, the set of candidate beams should include the preferred beams from different directions or TRPs to provide independent transmission. UE can divide the preferred beams into different groups, and the beams in the same group have similar directions. The set of candidate beams consists of N preferred beams from G different groups. The values of N and G can be configured by TRP or UE. When N=G，only one preferred beam is selected from each group to form the candidate beam set, and when N>G , multiple preferred beams can be selected from each group.
Proposal 1: The candidate DL beam pairs for beam recovery consist of TRP Tx and UE Rx beam pairs with high quality and low correlation.
4 UE triggered beam recovery procedure
Besides network triggered beam recovery, UE triggered beam recovery procedure should be applied in some cases. In the following, some different triggering conditions and the corresponding beam recovery procedures are discussed.
1.1 Link failure of control channel
For robust transmission, it has been agreed that UE can be configured to monitor NR-PDCCH on M (M≥1) beam pair links. If UE failed to receive DCI from all the M beam pair links, a beam recovery procedure should be triggered by UE. In this case, the RACH procedure can be used to request a DL beam management procedure for link recovery.
Link failure of data channel
This case means that the PDCCH is reliable, but UE fails to receive PDSCH with the beam indicated by DCI. When UE detects the failure of PDSCH, the recovery signal can be sent from UE to TRP vis PUCCH. Since the candidate beam pair information based on the lasted beam measurent is available at UE and TRP, once TRP receives the signal, TRP and UE will switch to the candidate beam pairs for link recovery. If the candidate beam pairs are not available for recovery, a DL beam management procedure is needed to find an available beam pair link.
1.2 Link degradation indicated by beam measurement

During the communication process, the quality of beam pairs between TRP and UE can be learnt from beam measurement results. Based on RS (used for beam management) transmitted by TRP, UE gets the RSRP-like information of beam pairs. In some cases, both the PDCCH and PDSCH are not failure, but UE detects that the link quality of PDSCH is getting worse, e.g., the RSRP of current PDSCH is below a threshold in N successive beam measurement occasions, then a beam recovery procedure will be triggered to avoid link failure. If the blockage only occurs in a few measurement occasions and is recovered in the next occasion, there is no need to trigger a beam recovery procedure. The specific value of N needs to be further studied.
When the triggering condition is satisfied, UE will send a beam recovery signal and the updated candidate beam pair information to TRP. Once TRP receives the information, TRP and UE will switch to the available beam pair from the updated candidate beam set with some predefined manner, thus accomplishing beam switching. There are two cases when the procedure is conducted.

-Case1  Beam correspondence holds at both TRP and UE

-Case2  Beam correspondence does not hold at TRP or UE

For Case 1, the preferred beam pairs for DL and UL transmission are the same, thus UE can sent the recovery indication signal and the updated candidate beam via current PDSCH beam. For Case 2, the preferred beam pairs for DL and UL transmission may not be the same, an UL beam management procedure is necessary for transmitting this information. 
Based on the discussion, we have the following proposals:
Proposal 2: Event triggered beam reporting should be supported for link degradation dectected at UE.
Proposal 3: Impact of TRP and UE beam correspondence and non-correspondence should be considered when studying beam reporting.
Proposal 4: PUCCH and PRACH resources can be used for UE triggered recovery signal in different scenarios. 
.
5 Conclusions

In this contribution, some issues related to UE triggered beam recovery procedure are discussed and we have the following proposals:
Proposal 1: The candidate beam pairs for beam recovery consist of TRP Tx and UE Rx beam pairs with high quality and low correlation.
Proposal 2: Event triggered beam reporting should be supported for link degradation is dectected at UE.
Proposal 3: Impact of TRP and UE beam correspondence and non-correspondence should be considered when studying beam reporting.
Proposal 4: PUCCH and PRACH resources can be used for UE triggered recovery signal in different scenarios. 
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