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1. Introduction
In RAN1 86, DL beam management procedures P-1, P-2, and P-3 were defined to select/change TRP Tx beam(s)/UE Rx beam(s) as follows. 
Agreements:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1

· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam 

· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously

· Note: Procedures P-3 may or may not have physical layer procedure spec. impact

· Support managing multiple Tx/Rx beam pairs for a UE

· Note: Assistance information from another carrier can be studied in beam management procedures

· Note that above procedure can be applied to any frequency band

· Note that above procedure can be used in single/multiple beam(s) per TRP 

· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item

In RAN1#86bis, there were agreements regarding beam indication and beam reporting as following. 
Agreements:
· 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

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

In this contribution, we share our view on DL beam management procedure. 

2. Beam information acquisition procedure
Beam information acquisition procedure can be comprised of beam RS transmission at TRP and beam measurement and reporting at UE. This procedure can be understood as a special case of CSI acquisition procedure. For analog beam selection, however, the number of candidate TRP beams can be more than one hundred so that excessive number of RS ports may be required. In the meanwhile, processing for the beam selection can be rather simple due to only port-selection is required. Accordingly, CSI acquisition procedure especially optimized for supporting analog beam management would be required to some extent.
Observation 1: To some extent, CSI acquisition procedure especially optimized for supporting analog beam management would be required.
Due to the hardly predictable nature of wireless channel, it would be safer way to provide means to track the TRP/UE beams more or less periodically. In this regard, periodic or semi-persistent transmission of beam measurement RS(BMRS) would be needed for UE to track the beam quality and find alternative beam(s). To avoid excessive RS overhead from periodic/semi-persistent beam RS transmission, a reasonably long period should be set. For example, periodic BMRS can be transmitted with the same period with DL synchronization signal by multiplexing BMRS with DL synchronization signals as described in our companion contribution [1]. The necessity of periodic or semi-persistent beam reporting, however, needs to be investigated further. To optimize signalling overhead, the beam reporting can be triggered only when necessary. In other words, if there is no need to change current beam, UE may not need to report beam information all the time. 
Proposal 1: Periodic or semi-persistent beam RS transmission needs to be supported. Further investigation is needed whether periodic or semi-persistent beam reporting is needed.
As described above, aperiodic beam reporting will be an essential part in the DL beam management procedure. In RAN1#86bis, it was agreed to support network-triggered aperiodic beam reporting. Regarding FFS part, in our view, UE-initiated aperiodic beam reporting is also important and required. One important use case of UE-initiated mechanism is when UE finds out the invalidity of current TRP beam(s) but no UL resource for beam reporting is configured. If UE rotation/movement or beam blockage occurs, received signal strength of serving beam(s) can be rapidly reduced so that UE can recognize the received power reduction through periodic BMRS measurement. Accordingly, it would be natural approach that UE requests for UL resource for the reporting of beam information such as beam power/quality and preferred TRP beam information. To recognize this situation from network without the UE initiation, one may think that network may be able to recognize this situation implicitly based on CQI feedback or ACK/NACK feedback. However, in the case where periodic CSI reporting is not configured or semi-persistent CSI reporting is OFF to the UE, CQI reporting is not guaranteed to be available for all UE. ACK/NACK is also available only when there exists data traffic for the UE. Therefore, UE-initiated aperiodic beam reporting should be supported to change serving TRP beam(s) in an on-demand way. 
Proposal 2: UE initiated aperiodic beam reporting should be supported in addition to network-triggered aperiodic beam reporting.
To support UE initiation of beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel or via UL signal as a form of signature. When UE does not have any reserved or dedicated uplink channel, common uplink channel such as physical random access channel can be utilized. If certain reserved or dedicated UL channel is configured to UE, it would also be possible to use that channel for sending the UE request message. This operation would be used for beam recovery, where more detailed view on the use of UL resource is described in our companion contribution [2].
Proposal 3: To send UE request message for the beam reporting, consider both cases when reserved/dedicated UL channel exists or not.
3. Utilization of beam information acquisition procedure
When we define beam information acquisition procedure(s), we should consider that it can be utilized for various purposes. Since the transmission source of BMRS may be transparent to UE, it can be utilized to find neighbour TRP’s beam as well as serving TRP’s beam. For example, serving TRP can trigger aperiodic beam reporting to UE with reference to BMRS resource which is actually assigned for neighbour cell for the neighbour TRP beam measurement. The reported neighbour TRP’s beam information can be utilized for various purposes such as beam coordination/avoidance, joint transmission, traffic offloading, handover, etc. And the mapping of BMRS port to TRP may be transparent to UE. Another possibility is to use the same or similar procedure(s) for the UE-to-UE beam acquisition when it comes to different TDD configuration among neighbour cells. Similarly, if UL beam management procedure is defined, it could be utilized for TRP-to-TRP beam acquisition as well. From specification point of view, it would be desirable to design unified beam acquisition procedure(s) applicable for various purposes. 
Proposal 4: Strive for unified beam acquisition procedure applicable for various purposes including neighbor TRP/UE beam acquisition.
4. Conclusion
This contribution discussed beam management procedure for NR. Following observations and proposals are given, based on the discussion:
Observation 1: To some extent, CSI acquisition procedure especially optimized for supporting analog beam management would be required.
Proposal 1: Periodic or semi-persistent beam RS transmission needs to be supported. Further investigation is needed whether periodic or semi-persistent beam reporting is needed.
Proposal 2: UE initiated aperiodic beam reporting should be supported in addition to network-triggered aperiodic beam reporting.
Proposal 3: To send UE request message for the beam reporting, consider both cases when reserved/dedicated UL channel exists or not.

Proposal 4: Strive for unified beam acquisition procedure applicable for various purposes including neighbor TRP/UE beam acquisition.
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