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1 Introduction

In RAN1#86, RAN1 discussed [1] and the following agreement is captured to define and study beam related procedures. 

	RAN1 Agreements:
· Beam management = a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least following aspects:
· Beam determination= for TRP(s) or UE to select of its own Tx/Rx beam(s). 

· Beam measurement = for TRP(s) or UE to measure characteristics of received beamformed signals

· Beam reporting = for UE to report information of beamformed signal(s) based on beam measurement

· Beam sweeping = operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.


During RAN1#86, RAN1 also discussed and agreed on the following DL beam management procedures [2].

	RAN1 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

· …


During RAN1#86bis, RAN1 also discussed and agreed on the following DL beam management procedures [3].

	RAN1 Agreements:

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
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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.


During RAN1#87, RAN1 also discussed and agreed on the following DL beam management procedures [4].

	RAN1 Agreements:

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
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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 suggest RAN2 to discuss and capture the basic beam terminologies for TR 38.804.
2 Beam Terminology from RAN1
As noted in the Introduction part, RAN1 has already made agreements regarding multi-beam based terminology and operations including measurement, reporting, and recovery. Although the details are not yet defined completely, the agreements could be a base-line to understand the multi-beam based NR operations and to facilitate the relevant discussions. 
Since the agreements explicitly indicate L2 involvements, we propose RAN2 to discuss and if possible capture the terminologies regarding beam management agreements from RAN1, as a base-line.
Proposal 1: RAN2 is requested to discuss and capture the following definitions in TR:
· Beam management = a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least following aspects:
· Beam determination= for TRP(s) or UE to select of its own Tx/Rx beam(s). 

· Beam measurement = for TRP(s) or UE to measure characteristics of received beamformed signals

· Beam reporting = for UE to report information of beamformed signal(s) based on beam measurement

· Beam sweeping = operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.
With the above terminologies from RAN1, we can discuss the network/ UE behaviors regarding beam management. 

Data transmission using beam sweeping of a large number of transmission beams is inefficient. Only the common signals such as reference signals and system information need to be transmitted using beam sweeping. For efficient use of beams, NR should support beam management procedures consisting of beam sweeping, measurement, reporting, and determination. In order for beam measurement, UE receiving reference signals from different beams should be able to measure and compare the characteristics of different beams. After beam measurement, UE should report the measured information to the network for proper beam management. 
Although the Proposal 1 and RAN1 agreements [1] do not include any beam change procedures, it is natural to consider beam switching operation after the beam measurement, reporting, and determination procedures to track the change of beam quality and maintain the connectivity. 

3 Beam Switching
In this section, we would like to discuss and determine the multi-beam based operations, procedures, and terminology regarding beam switching. 

In order to maintain the connectivity by tracking the appropriate beam(s), beam switching is required. If there is better beam(s) (either TRP(s)’ or UE’s) compared with the currently using beam(s), the currently using beam(s) of a specific UE should be switched to the better beam(s). Therefore, we need to define the terminology of beam switching. 

Proposal 2: RAN2 is requested to capture the following beam switching definition in the TR
· Beam management …
· …
· Beam switching = for TRP(s) or UE to change its own Tx/Rx beam(s), and to inform the UE or TRP(s) of the beam change information if necessary, based on beam measurement, reporting and determination.
Since the resource scheduling entity is the network, network may need to notify the UE of when will the scheduling be done by which new beam(s), for UE to adjust its rx. beam(s) appropriately. However, it may not be needed if the UE’s beam does not need to be changed due to TRP(s)’ beam switching. 
This beam switching operation should be designed to cover all the use cases of beam change due to UE movement, UE rotation, and beam blocking, as agreed by RAN1 in [5].
4 Beam Recovery
No matter how fast the beam switching procedure is, there will be gap between the physical phenomenon of ‘beam quality change’ and ‘actual beam switching to the new beam’. For an example, sudden beam blocking and the following beam quality drop due to a moving vehicle and/or UE mobility may happen at any time.  In such case, if the quality of using beam(s) suddenly becomes worse, the beam reporting and switching procedures may not be available. 
Therefore, in order to maintain the connectivity, TRP(s) or UE needs to be able to change its own Tx/Rx beam(s) to alternative (feasible) beam(s) when the current using beam(s) cannot guarantee the connectivity from gNB and UE perspective, any more. Therefore, we need to define the terminology of beam recovery. 

· Proposal 3: RAN2 is requested to capture the following beam recovery definition in the TR

· Beam management …
· …
· Beam Recovery = for TRP(s) or UE to change its own Tx/Rx beam(s) to alternative (feasible) beam(s) based on beam measurement, when connectivity between TRP(s) and UE is not available from gNB and UE perspective.
This beam recovery will support gNB and UE to maintain connectivity using alternative (feasible) beam(s), before the UE falls into RLF decision. 
5 Text proposal for TR 38.804
------------------------------------------- Text proposal (BEGIN) -------------------------------------------
10
Mobility
Editor’s note: intended to capture both tight interworking and standalone aspects.
10.1
Intra NR
Editor’s note: intended to capture the agreements on intra-NR mobility in all possible UE states.
10.1.1 Mobility with RRC involvement
10.1.2 Mobility without RRC involvement
In order to efficiently utilize the multi-beam based NR system, definitions of beam management consisting of beam sweeping, measurement, reporting, determination, change, and recovery procedures are defined as follows:
· Beam management = a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least following aspects:
· Beam determination= for TRP(s) or UE to select of its own Tx/Rx beam(s). 

· Beam measurement = for TRP(s) or UE to measure characteristics of received beamformed signals

· Beam reporting = for UE to report information of beamformed signal(s) based on beam measurement

· Beam sweeping = operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.
· Beam switching = for TRP(s) or UE to change its own Tx/Rx beam(s), and to inform the UE or TRP(s) of the beam change information if necessary, based on beam measurement, reporting and determination. 
· Beam recovery = for TRP(s) or UE to change its own Tx/Rx beam(s) to alternative (feasible) beam(s) based on beam measurement, when connectivity between TRP(s) and UE is not available from gNB and UE perspective.
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