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1. Introduction

At the RAN1#87 meeting, the mechanisms to provide robustness against beam pair link blocking and beam recovery were discussed. The mechanisms to ensure the robustness which would be initiated or triggered by network continue to be studied as agreed below.
Agreements:

· NR to provide robustness against beam pair link blocking

· Study mechanisms to achieve the above purpose

· E.g., by enabling PDCCH/PDSCH monitoring with N beams

· E.g., N=1, 2, …

· E.g., TDM monitoring, simultaneous monitoring, etc.

· E.g., by enabling composite beams via e.g., SFBC and/or multi-stage control channel

· The examples are not intended to be exhaustive

How to recover the beam quickly and appropriately is important although the consensus hasn’t been yet reached. In this document, we describe the mechanisms to recover the beam quickly and appropriately including both NW-initiated and UE-initiated approaches and show our preference for the mechanisms. Our companion document [1] also discusses the mechanism to achieve the robustness against beam pair link blocking.
2. Mechanisms for Beam Recovery
For multiple beam operations at TRP, TRP Tx/Rx beams are created using a number of transmit antennas in order to compensate large path-loss especially for higher carrier frequency. In general, beam-width becomes narrower as the number of antenna elements increases. Also, the number of beams that can be created becomes larger. These complicate the multiple beam operations for higher carrier frequency since it would be challenging to 1) find appropriate beam quickly, 2) offer robustness against mobility, Doppler frequency, interruptions by obstacle and 3) recover the beam quickly if it is lost. If these functionalities are lost, the performance of beam pair(s) may decrease  especially due to the UE’s movement, rotation or the blockage. This document focuses on 3) how to recover the beam quickly and efficiently.
There are mainly two approaches to recover the beam, i.e., NW-initiated beam recovery and UE-initiated beam recovery. For each approach, different mechanisms can be further considered depending on the beam recovery procedure and physical layer channels. 
· NW-initiated approach
· The existing mechanisms can be used for the NW to decide on whether the beam pair link blocking may occur or not. For example, if the contents of CSI reporting are significantly deteriorated, beam pair link blocking can be expected in early stage. Or, any CSI reporting that NW expects to receive hasn’t been reached for several times. Another example is that NACK are continuously reported by UE or discontinuous transmission (DTX) is contiguously detected even when NR-PDCCH is sent to the UE. Considering that there are several mechanisms for NW to know when beam pair link blocking happens, it would be natural that the NW will trigger beam recovery procedure when necessary. The detailed mechanism to trigger beam recovery procedure will be discussed below.
· UE-initiated approach

· It is not clear when the beam recovery is initiated. Unnecessary UL transmission may create interference to other UEs. Also, unnecessary UL transmission creates issues on UE power consumption if UE does not properly initiate beam recovery procedure. Thus, UE-initiated approach should be considered as a complementary tool.
Proposal 1: NW-initiated beam recovery should be considered as the baseline. UE-initiated beam can be further considered as a complementary tool.
Below, we focus discussion on NW-initiated beam recovery. When beam misalignment is detected, the network can trigger aperiodic beam management procedure to ensure reliable data transmission and reception between TRP and UE. However, these procedures would incur interruption to the ongoing data transmission that may impact data throughput.
Observation 1: Beam recovery procedure incurs interruption to the ongoing data transmission that may impact data throughput. 

Regarding NW-initiated approach other than aperiodic beam management procedure, we consider the following approaches to beam recovery.

· Multiple NR-PDCCH monitoring/transmissions
· Even when beam pair link blocking happens, beam recovery can be triggered by the NW as long as UE decodes NR-PDCCH successfully. The case where UE continues to fail NR-PDCCH receptions is even worse. In order to achieve robustness against beam pair link blocking, we consider that monitoring multiple NR-PDCCH candidates associated with multiple beams would be beneficial. This mechanism can be used for beam recovery purpose as the simplest approach. For example, if DTX is detected or continues even though NR-PDCCH is transmitted using the preferred TRP Tx beam, TRP changes TRP Tx beams for NR-PDCCH transmissions as shown in Fig. 1. Alternatively, the same DCI can be transmitted using multiple TRP Tx beams. Then, the DCI triggers CSI measurement/reporting or mobility measurement/reporting. Or, the detected beam index for NR-PDCCH is reported to the NW.
· Fall-back to common search space
· Monitoring multiple NR-PDCCH candidates with multiple TRP Tx beams would recover the beam pair link for insignificant beam pair link blocking. However, it may not be sufficient if most TRP Tx beams for NR-PDCCH transmissions are not appropriate for the UE. In this case, it would be better to define fallback mode operation. For example, if common search space or UE-group search space is to be defined, a DCI on common search space can be used to trigger beam recovery since common search space is considered to be more robust against beam pair link blocking and adopts different transmission scheme (e.g., transmit diversity) or beam forming. The case when common search space is used is also illustrated in Fig. 1.
· Dynamic switching to robust transmission schemes
· In multi-beam system, beams can be classified as active beam(s), backup beam(s) or unused beam(s), where active beam(s) are used for transmission during the normal transmission period while the backup beam(s) are used for beam cycling during the blockage period. The system during blockage period returns to normal transmission through beam recovery procedure once new active beam(s) are found. However, the beam recovery procedure incurs additional delay even though less beams need to be swept by using the backup beam(s). To support robustness of data channel, DMRS based semi-open-loop transmission scheme can be considered as a fallback scheme when triggered. During the DMRS based semi-open-loop transmission, a quick beam recovery is attempted. UE shall feedback the beam related information like DMRS port index or beam index to TRP for active beam(s) acquisition. The case when dynamic switching scheme is used is illustrated in Fig. 2.
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Figure 1 – Monitoring multiple NR-PDCCH candidates in the search space.
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Figure 2 – Dynamic switching to robust transmission scheme.
Combinations of the above approaches are considered for NR. Based on the above discussion, we propose the followings.

Proposal 2: For beam recovery purpose, monitoring multiple NR-PDCCH candidates with different TRP Tx beams is used to trigger beam recovery procedure. For beam recovery procedure, CSI measurement/reporting, mobility measurement/reporting, and/or reporting detected beam index can be considered.
Proposal 3: UE-specific DCI transmission on common search space of NR-PDCCH should be supported as a fallback mode operation.

Proposal 4: NR shall support DMRS based semi-open loop transmission. UE and TRP switch to semi-open-loop transmission schemes as a fallback scheme when triggered.
3. Conclusion
In this contribution, we described our views on beam recovery including NW-initiated approach and UE-initiated approach. Considering that there are several mechanisms for the NW to know occasions for beam pair link blocking and there are some concerns about UE-initiated approach, we made the following proposal.
Proposal 1: NW-initiated beam recovery should be considered as the baseline. UE-initiated beam can be further considered as a complementary tool.
Regarding NW-assisted approach, we also made the following observation and provided proposed mechanism to achieve beam recovery.

Observation 1: Beam recovery procedure incurs interruption to the ongoing data transmission that may impact data throughput. 

Proposal 2: For beam recovery purpose, monitoring multiple NR-PDCCH candidates with different TRP Tx beams is used to trigger beam recovery procedure. For beam recovery procedure, CSI measurement/reporting, mobility measurement/reporting, and/or reporting detected beam index can be considered.

Proposal 3: UE-specific DCI transmission on common search space of NR-PDCCH should be supported as a fallback mode operation.

Proposal 4: NR shall support DMRS based semi-open loop transmission. UE and TRP switch to semi-open-loop transmission schemes as a fallback scheme when triggered.
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