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1 Introduction
The following agreements is obtained in RAN1 #86b, and summarized as 
Agreements:
In RAN1 # 86bis meeting, the discussion on beam management made the following agreements [1]:
· 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 

· 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
Furthermore, the following agreements regarding beam recovery was 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.

In this contribution, we discuss potential solutions of beam recovery in NR multi-beam systems. 
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[2]. 
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. In the following, some considerations on beam recovery in NR multi-beam systems are presented.   
3  Considerations on beam recovery 
During the communication process, the quality of beam pairs between TRP and UE can be learned 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 find 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. The detection conditions of blockage event can be set as the RSRP of current link is below a threshold and becomes lower and lower from last few measurement results. In order to detect the blockage in time, the beam recovery procedure can be triggered by UE. In addition, the blockage caused by UE movement or UE rotation is detectable at UE side, hence it is more reasonable and easier to trigger beam recovery at UE side.
In standalone and non-standalone NR mmWave systems, the details of beam recovery process may be slightly different. In the next, we discuss them separately.
1.1 Standalone NR mmWave systems
After the beam blockage is detected, TRP and UE should switch to other beams to build a better link. Since starting a new access procedure needs time to transmit signaling between TRP and UE, a beam recovery procedure should be considered to reduce time delay. One possible approach is to store a set of paired beams at UE and TRP side. Based on beam measurement results of different TRP Tx beams, UE could select several preferred TRP Tx beams and UE Rx beams to form a set of candidate beam pairs, and report the candidate beam pairs to TRP. When the blockage is detected, TRP and UE switch to the beams in the candidate set separately. If there are no available beams in the candidate set or the switched beam pairs are not aligned, a new process procedure would be applied.
In severe blockage scenario, beams from the same TRP to UE may all be blocked. In this case, applying beam(s) from other TRP can help to avoid link failure. Thus, the candidate beam pairs stored at TRP and UE side should include beams from different TRPs. To meet this requirement, beam measurement results could indicate the quality and correlation of beams, and beams with high quality and low correlation will form the candidate beam pairs. 
Based on the above discussion, we have the following proposals:
Proposal 1: In standalone NR mmWave systems, a set of candidate beam pairs information are stored at TRP and UE side. When blockage occurs, TRP and UE switch to the beams in the candidate set respectively.
Proposal 2: TRP Tx beams with high quality and low correlation are preferred for different candidate beam pairs. 
1.2 Non-standalone NR mmWave systems
In non-standalone mmWave system, low frequency eNB can help to solve the blockage issue. For example, the set of candidate beam pairs can be stored at UE side. When blockage is detected, UE switch to a beam selected from the candidate set, and report the corresponding preferred TRP beam to low frequency eNB. Then, the low frequency eNB may deliver the related information (like beam ID of the preferred beam) to the TRP. If there are no available beams when blockage is occurred, UE can be served by the low frequency eNB temporarily. With the aid of low frequency eNB, instead of reporting the candidate beam pairs to TRP frequently, the preferred TRP beam(s) are informed to low frequency eNB only when the blockage is detected by UE. Therefore, the beam recovery procedure can be more efficient in non-standalone NR mmWave systems.
Proposal 3: In non-standalone NR mmWave systems, low frequency eNB aided beam recovery procedure should be studied.
4 Multi-connectivity for anti-blockage
Multi-connectivity is a feature in which each UE maintains multiple possible signal paths to different TRP or cells so that drops in one link can be overcome by switching data paths. In this section, we propose a multi-connectivity based scheme to avoid blockage.
In LTE, the first synchronization signal to detect is the Primary Synchronization Signal (PSS). For mmWave, the synchronization signal will also be used to determine the UE’s BF direction, which is related to the angles of arrival of the signal paths from the TRP. Then, since the UE find its own optimal BF direction to each TRP, when the original beam is blocked, UE should wait the signal of the original beams and at the same time start a new beam for accessing with other TRPs as shown in Fig. 1.
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Fig 1, PHY Multi-connectivity in NR mmWave Systems
If the original beam is recovered before finding the new beam, the UE still use the original beam to link with the eNB. If finding the new beam is finished before the original beam’s recovery, the UE will use the new beam to link with the eNB and the original link between the UE and the original beam will be released.
Proposal 4: Connectivity to multi-TRPs should be supported to overcome beam blockage.
5 Conclusions

In this contribution, beam recovery process is discussed and we have the following proposals:
Proposal 1: In standalone NR mmWave systems, a set of candidate beam pairs information are stored at TRP and UE side. When blockage occurs, TRP and UE switch to the beams in the candidate set respectively.
Proposal 2: TRP Tx beams with high quality and low correlation are preferred for different candidate beam pairs.
Proposal 3: In non-standalone NR mmWave systems, low frequency eNB aided beam recovery procedure should be studied.

Proposal 4: Connectivity to multi-TRPs should be supported to overcome beam blockage.
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