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1 Introduction
The following agreements related to beam management are obtained in RAN1 #86bis [1], and summarized as 
Agreements:
· For downlink, NR supports beam management with and without beam-related indication

· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE

· FFS: Information other than QCL

· FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE 
The following agreement is captured to support beam reporting
· For downlink, based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams

· Study how the N Tx beams can be selected 

· Study the case where N comprises of all Tx beams

· Study UE reporting information

· Note: N can be equal to 1
Group based beam management is to be further studied:

· Definition of beam grouping:

· Beam grouping = for TRP(s) or UE to group multiple Tx and/or Rx beam(s) and/or beam pair(s) into one subset of beams 

· FFS detailed mechanisms for beam grouping, reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching, etc.
Furthermore, the following agreements regarding beam recovery and beam reporting were made:
Agreements:
· NR supports mechanism(s) in the case of link failure and/or blockage for NR
· Whether to use new procedure is FFS
· Study at least the following aspects:

· Whether or not an DL or UL signal transmission for this mechanism is needed

· E.g., RACH preamble sequence, DL/UL reference signal, control channel, etc.

· If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.
Agreements:
· Support at least network triggered aperiodic beam reporting:

· Aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations

· FFS beam reporting details

· FFS: UE assisted/initiated aperiodic beam reporting

· FFS: In case of UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel).

· Further study is needed whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed.
In RAN1 #87, the definition of beam correspondence was encouraged to be discussed [2].
Agreements:
• Companies are encouraged to refine the definition of beam correspondence, if necessary

– Note: whether or not to introduce this definition in NR is a separate topic

• Under the refined definition of beam correspondence (if any), study whether or not mechanism(s) for determining UE‟s beam correspondence is needed.

– the study may consider the following aspects -

• e.g. metrics to be considered SNR/Power (beam-quality), CSI, and others

• e.g. values of the metrics at which beam correspondence is declared

• e.g., complexity/overhead

• e.g., possibility of supporting reporting to the gNB about beam correspondence at the UE
Also, the following agreements for UE initiated UL transmission were made.
Agreements:
· NR should study the necessity of event-driven UE initiated UL transmission, e.g., in the event of beam quality degradation

– E.g. due to UE mobility/rotation, blockage, and/or link failure, etc.

– FFS: details of event(s) of beam quality degradation
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  UE triggered beam recovery procedure
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. Since there exists decay time from the start of a blockage to a complete link failure, UE or TRP could detect the event ahead of time. The blockage can be detected by UE based on the beam measurement results or by TRP if the measurement results are reported to it. If TRP and UE have alternative beam pair links with adequate quality, the communication will not be interrupted via beam recovery procedure. Since the link quality of beam pairs is measured by UE, it can find the link degradation firstly. Moreover, the blockage caused by UE movement or UE rotation is detectable at UE side, hence UE triggered beam recovery procedure should be supported.
Proposal 1: UE triggered beam recovery procedures should be supported in NR.
1.1 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. When the current link is blocked, TRP and UE could switch to the candidate beam pairs to avoid link failure. 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 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 2: The candidate DL beam pairs for beam recovery consist of TRP Tx and UE Rx beam pairs with high quality and low correlation.
1.2 Beam reporting 
The beam management procedure is expected to track the link quality between TRP and UE beam pairs at any time. One important issue in beam management procedure is beam reporting. There is a trade off between the signal overhead and immediacy in beam porting. When the current link between TRP and UE is stable or changing slowly, UE can report the beam measurement results to TRP with a relative long periodicity to reduce the signalling overhead, and when the UE moves quickly, the feedback of beam measurement results should be reported frequently. 
Proposal 3: The UE motivation speed should be taken into account when deciding the periodicity of beam reporting.
For DL transmission, when UE detects the link degradation (e.g. the RSRP of current link is below a predefined threshold), to reduce the latency of beam recovery, it can further trigger aperiodic beam reporting procedure and feed back the measurement results of candidate beam pairs to TRP. There are two cases when beam reporting 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. When UE observes link blockage under the current beam pair but the current link is not lost yet, UE can trigger a report to indicate TRP of the candidate beam group information with current beam. Once TRP receives the information, TRP and UE will switch to the available beam pair from the candidate beam set with some predefined manner, thus accomplishing beam switching. When current link is already lost, UE has to switch to the next UL Tx beams in the candidate beam sets and TRP needs to sweep beams to receive the signal.
For Case 2, the preferred beam pairs for DL and UL transmission may not be the same.
Under this case, when UE needs to trigger a report to indicate TRP of the candidate beam group information once it observes link blockage, UE is not aware of which beams can be used as the Tx beam to report to TRP the information of the RSRP of DL candidate beam pairs, so Tx beam sweeping is necessary at UE side. Rx Beam sweeping is also needed for TRP to receive the information. After TRP receives the report information, TRP and UE will switch to the available beam pair from the candidate beam set with some predefined manner, thus accomplishing beam switching.
When the above beam recovery approaches are failed to recovery the communication, the random access procedure would be performed as a fallback method.
Based on the discussion, we have the following proposals:
Proposal 4: Beam correspondence should be indicated to TRP and UE. 
Proposal 5: Impact of TRP and UE beam correspondence and non-correspondence should be considered when studying beam reporting.
.
4 Conclusions

In this contribution, some issues related to UE triggered beam recovery procedure are discussed and we have the following proposals:
Proposal 1: UE triggered beam recovery procedures should be supported in NR.
Proposal 2: The candidate beam pairs for beam recovery consist of TRP Tx and UE Rx beam pairs with high quality and low correlation.
Proposal 3: The UE motivation speed should be taken into account when deciding the periodicity of beam reporting.
Proposal 4: Beam correspondence should be indicated to TRP and UE. 
Proposal 5: Impact of TRP and UE beam correspondence and non-correspondence should be considered when studying beam reporting.
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