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1. Introduction
In the RAN 1 #86b meeting, the following agreements on beam recovery have been achieved [1]. 
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.
 
Also, regarding beam reporting, following is agreed.
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
Signal propagation in high frequency band or system which relies on beamforming is highly sensitive to UE movement, rotation and blockage. In addition to periodic beam management protocol, it is beneficial to have on-demand beam recovery mechanism for fast beam recovery to minimize discontinuity of service. In order to enable fast beam recovery, we discuss and propose network initiated beam recovery as well as UE initiated beam recovery.
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. 
Proposal 1: NR supports NW initiated beam recovery mechanism.
In [2], it was proposed to study multiple beam operation in control channel for flexible beam operation. Among considered scenarios in [2], TRP can detect and recover beam by switching to other candidate beam using following operation scenario.

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. 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. 
Proposal 2: Support NW beam recovery mechanism using NR PDCCH
· Configure UE to receive NR PDCCH using multiple beams
· Include Beam Switch Command in DCI

3. UE Initiated Beam Recovery Mechanism
In some cases, the beam change could be abrupt. The network triggered beam recovery in this case may not be fast enough to handle such dynamic change in the link quality and UE initiated beam recovery should be also considered. Furthermore, in some other cases, such as UE’s rotation, only the UE beam recovery is needed. For this case, the UE based triggering of the CSI-RS transmission for UE beam using refinement in P-3 may be beneficial [4] and should be supported as complementary to conventional network triggered beam reporting.
Proposal 3: To support fast beam recovery, UE initiated beam reporting should be supported in NR as complementary to the network triggered beam reporting.
As discussed in [3] and [4], the feedback for P-1/P-2/P-3 can help the TRP to get the beam quality. The UE initiated beam reporting can be targeting for P-1/P-2/P-3. For P-1, the UE could directly report the beam quality from the beams used for the transmission of the reference signals in P-1, after receiving the uplink grant for beam reporting. For P-2 and P-3, the UE may need to request CSI-RS transmission to perform the measurement and beam refinement. The following types of the UE reporting for beam recovery can be considered:
Type 1: Event based beam measurement reporting based on P-1
Type 2: UE request of CSI-RS transmission for P-2
Type 3: UE request of CSI-RS transmission for P-3
Type 4: UE request of CSI-RS transmission for joint P-2/P-3
In the procedures above the Rx beam sweeping at the TRP should be used to receive the request(s) from UEs in different directions. As discussed in [5], the Rx beam sweeping can be applied to the PRACH to accomplish the UL beam management procedure U-1. So the PRACH can be one option to receive such UE request messages. In another option, the resources in PRACH for initial access and UE request message for beam recovery can be transmitted in non-overlapping resources. Then there can be two types of PRACH:
Type A PRACH: used for SR and/or UE request message transmission
Type B PRACH: used for TRP level initial access and other possible message transmission
The signal structure for type A PRACH and type B PRACH can be different as the type A PRACH is only used for connected mode UEs. To reduce overhead of PRACH, the two types of PRACH can be transmitted in the same subframe and mapped in a FDM manner as shown in Figure 3. Note that they can be mapped continuously or discontinuously in frequency domain.


[bookmark: _Ref465408260]Figure 3 Example of PRACH structure
If the reciprocity is ensured at the TRP side, the Rx beam in type A PRACH resources can be one-to-one mapped to the beam in beam management reference signal for P-1. Then UE only needs to send type A PRACH sequence at the resource corresponding to the selected downlink beam. If the reciprocity is not guaranteed, the UE could transmit the type A PRACH repeatedly over multiple resources.
Proposal 4: UE initiated beam reporting should take into account the measurement report for reference signal in beam management procedures P-1/P-2/P-3. 
Proposal 5: UE request message can be received at the TRP based on beam sweeping operation, e.g. PRACH or other channel supporting beam sweeping operation.
4. Conclusion
In this contribution we have provided our views on beam recovery, network initiated beam recovery as well as UE initiated beam recovery. Also, we discussed UE initiated beam reporting. From the discussion, we have the following proposals.
Proposal 1: NR supports NW initiated beam recovery mechanism.
Proposal 2: Support NW beam recovery mechanism using NR PDCCH
· Configure UE to receive NR PDCCH using multiple beams
· Include Beam Switch Command in DCI
Proposal 3: To support fast beam recovery, UE initiated beam reporting should be supported in NR as complementary to the network triggered beam reporting.
Proposal 4: UE initiated beam reporting should take into account the measurement report for reference signal in beam management procedures P-1/P-2/P-3. 
Proposal 5: UE request message can be received at the TRP based on beam sweeping operation, e.g. PRACH or other channel supporting beam sweeping operation.
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