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1. Introduction

The following agreements regarding beam management procedures were made in RAN1#87 meeting [1]:
	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

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
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

Agreements:

· NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception

· FFS: details

· E.g., QCL assumption details

· E.g., indication signaling (e.g. DCI, MAC CE, RRC, etc.)
· E.g., beam-related indication for DL control and data channels


There are still lots of open issues regarding the beam management. So in the contribution we will discuss some remaining issues based on the above agreements. 
2. Discussion
A key functionality in the beam management procedures is to report the beam state information. It has been agreed that NR should support network triggered aperiodic beam reporting. 
However, as for the downlink, UE can measure the “instantaneous” channel state information associated with some specific beams. For example, a moving UE may detect a new beam which is better than the current active beams. That means compared to the network, UE may see timelier beam state information. Therefore, it would be beneficial to support UE triggered aperiodic beam reporting. The network may indicate some reporting configurations in advance. Then, when some trigger conditions are met, UE can start to report the beam state information according to the above configurations.
Proposal 1: NR should support UE triggered beam reporting for DL beam management
In millimeter wave systems, multiple beam operations are always used to compensate the large path loss and improve the coverage. In the high-frequency bands, UE may happen to see the link failure with a higher probability due to UE rotation, link blockage, channel fluctuations and so on. Thus, it is important to ensure the robustness of the multiple beam system. There are two levels of mechanisms to improve the robustness. 
The first one is regarding how to recover transmission once UE detect the link failure. Compared to the network, UE always has the most recent information of the links/beams. Thus it would be beneficial for UE to trigger a UL transmission to report the corresponding information. The reporting should tell the network at least the following types of information:
· Link failure occurred and which beams suffered from link failure

· Which beams are recommended
In order to report the above information, we have the following proposal:
 Proposal 2: NR should support UE triggered UL transmission to accelerate the link recovery.
The second one is regarding the enhancement of transmission performance by utilizing the diversity of multiple beams. One example is to allocate transmissions among different beams according to a time-domain pattern. Thus a UE can monitor different beams at different time-domain resource subsets (TDM monitoring). This solution is especially useful when these Tx beams are from different directions and match the different best Rx beams. This solution can be further enhanced as the following illustration.
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At the time-domain resource subset 1 (blue), UE uses Rx Beam 1 to monitor the transmission from beams of TRP1 (simultaneous monitoring) whereas UE uses Rx Beam2 to monitor the transmission from beams of TRP 2 at the time-domain resource subset 2 (green).  
For the control channel, the network can uses Tx Beam 1 and 2 to transmit DCI to UE simultaneously by using SFBC.  For the data channel, the network can transmit data through the associated two beams by using various MIMO schemes. 
Proposal 3: NR should support both TDM monitoring and simultaneous monitoring of multiple beams to improve the robustness. 
In order to facilitate the grouping of Tx Beams and transmission in the above illustration, the network needs to know which beams that a UE can monitor simultaneous (It means that UE can use a single Rx beam to receive the signals from the multiple Tx beams). Thus the UE should report the corresponding Rx Beam information of each reported Tx Beam. So we have the following proposal:
Proposal 4: NR should support to report the associated Rx Beam information (e.g., Rx Beam index) of reported Tx Beams.
3. Conclusions
In this contribution, we discuss some open issues regarding the beam management. Based on the above discussions, we have the following proposals:
Proposal 1: NR should support UE triggered beam reporting for DL beam management
Proposal 2: NR should support UE triggered UL transmission to accelerate the link recovery
Proposal 3: NR should support both TDM monitoring and simultaneous monitoring of multiple beams to improve the robustness. 
Proposal 4: NR should support to report the associated Rx Beam information (e.g., Rx Beam index) of reported Tx Beams.
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