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1. Introduction
In the RAN 1 #87 meeting, the following agreements on network initiated beam recovery have been achieved [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
In this contribution, we provide some mechanism to achieve beam pair link blocking.
2. Network Initiated Beam Recovery Mechanism
For the multi-beam system, the TRP and UE may maintain a plurality of beams. A good TRP-UE beam pair(s) can be established after beam management P-1/P-2/P-3. As a result of UE’s movement, rotation and blockage, the best TRP/UE beam pair may change. The network can trigger aperiodic beam reporting to find out whether a beam switching or refinement is needed. In this case, the TRP need to know when to switch to the new beam or when to trigger the aperiodic beam reporting. 
In [2], it was proposed to study multiple beam operation in control channel for flexible beam operation. Using following operation scenario, TRP can detect and recover beam by switching to other candidate beam.

Figure 1 Example of fast beam switch using PDCCH [2]


 
Figure 2 Example of blockage detection and transmit beam switching procedure [2]
TRP informs UE that it may use M beams for control channel transmission or configure UE to monitor M beams during control channel reception. UE forms the receive beam corresponding the M beams or Omni beam (depending on capability) during control channel reception. TRP uses the first beam for the control. If there is no ACK/NACK from the UE, then the TRP switches its beam to secondary beam(s) or secondary TRP to transmit NR PDCCH. Additionally the NR PDCCH may send a beam switching command so that UE can form receiver beam properly during NR PDSCH. With this mechanism, TRP can detect blockage and recover beam within few subframes when there is DL data to send. Other considered scenario with different beamforming options and simulation results can be found in [2]. 
Similarly, if there is an expected uplink signal at certain subframe, e.g. periodic CSI feedback on PUCCH or periodic SRS, then TRP can detect DTX of the signal, and perform beam switch operation using PDCCH.
In [2], we provide simulation results for different options as 
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[bookmark: _Ref462055167]Figure 3 CDL-A Performance with and without blockage [2] 
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[bookmark: _Ref462055192]Figure 4 CDL-B Performance with and without blockage [2]
where evaluated options are
Option 1: A single TRP Tx and UE Rx beam, which is aligned with dominant channel cluster direction. 
Option 2: Multiple TRP Tx and UE Rx beams, which are aligned with best-M channel cluster direction.  
Option 3: Switching TRP Tx beam (based on condition) and multiple UE Rx beams, which are aligned with best-M channel cluster direction.  
 
From above results, we propose simultaneous M beam monitoring where M can be 2. The simultaneous M beam monitoring option can provide flexible beam operation such as multiple beam simultaneous transmission as well as transmit beam switch where the transmit beam switching shows best performance among all candidates.  
Proposal 1. Configure UE to monitor M beams simultaneously for NR PDCCH where M = 2. Other M value is FFS.
Since not all UE can monitor multiple beams simultaneously, we further propose TDM option as well. There are two TDM options. One is symbol level TDM where UE is configured to monitor different PDCCH symbol with different RX beamforming, and the other is subframe level TDM where UE is configured to monitor different subframe with different RX beamforming. Since symbol level TDM enables fast beam or TRP switching, we propose to support at least symbol level TDM while to study subframe level TDM. 
Proposal 2. Configure UE to monitor a certain beam for certain NR PDCCH symbol. Subframe level different beam monitoring is FFS.
In addition to NR PDCCH monitoring, we further propose to switch receiver beams for NR PDSCH reception. In case of simultaneous beam monitoring for NR PDCCH, DCI may include beam switch command to help UE to switch to proper beamforming.
Proposal 3. Include beam switch command in DCI for NR PDSCH reception. 

3. Conclusion
In this contribution we have provided our views on network initiated beam recovery. From the discussion, we have the following proposals.
Proposal 1. Configure UE to monitor M beams simultaneously for NR PDCCH where M = 2. Other M values are FFS.
Proposal 2. Configure UE to monitor a certain beam for certain NR PDCCH symbol. Subframe level different beam monitoring is FFS.
Proposal 3. Include beam switch command in DCI for NR PDSCH reception.
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