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Introduction

Beam management is a procedure used to acquire and maintain a set of TRP and/or UE beams that can be used for DL and UL transmission/reception, which includes beam determination, measurement, and reporting. In RAN1 #88, the following agreements were made regarding beam management framework, and beam reporting:
Agreements:
· A UE can be configured with the following high layer parameters for beam management:
· N≥1 reporting settings, M≥1 resource settings
· The links between reporting settings and resource settings are configured in the agreed CSI measurement setting
· CSI-RS based P-1 & P-2 are supported with resource and reporting settings
· P-3 can be supported with or without reporting setting  
· A reporting setting at least including
· Information indicating selected beam(s)
·  L1 measurement reporting
· FFS details (e.g., based on RSRP or CSI, etc.)
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· Frequency-granularity if multiple frequency granularities are supported
· A resource setting at least including
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· RS type: NZP CSI-RS at least
· At least one CSI-RS resource set, with each CSI-RS resource set having K≥1 CSI-RS resources
· FFS whether or not support >1 CSI-RS resource set per resource setting
· Some parameters of K CSI-RS resources can be the same, e.g. port number, time-domain behavior, density and periodicity if any
· Further discussion whether or not the mechanism for CSI acquisition framework can be applicable

Furthermore, the following agreement on DL beam management was reached in RAN1#88bis
Agreements:
· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)
· Opt. 3: No additional option

The following agreement was also reached on beam recovery mechanism
Agreements:
· UE Beam failure recovery mechanism includes the following aspects
· Beam failure detection
· New candidate beam identification
· Beam failure recovery request transmission
· UE monitors gNB response for beam failure recovery request
· Beam failure detection 
· UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met
· Beam failure detection RS at least includes periodic CSI-RS for beam management
· SS-block within the serving cell can be considered, if SS-block is also used in beam management as well
· FFS: Trigger condition for declaring beam failure
· New candidate beam identification
· UE monitors beam identification RS to find a new candidate beam
· Beam identification RS includes
· Periodic CSI-RS for beam management, if it is configured by NW
· Periodic CSI-RS and SS-blocks within the serving cell, if SS-block is also used in beam management as well
· Beam failure recovery request transmission
· Information carried by beam failure recovery request includes at least one followings
· Explicit/implicit information about identifying UE and new gNB TX beam information
· Explicit/implicit information about identifying UE and whether or not new candidate beam exists
· FFS: 
· Information indicating UE beam failure
· Additional information, e.g., new beam quality
· Down-selection between the following options for beam failure recovery request transmission
· PRACH
· PUCCH
· PRACH-like (e.g.,different parameter for preamble sequence from PRACH)
· Beam failure recovery request resource/signal may be additionally used for scheduling request
· UE monitors a control channel search space to receive gNB response for beam failure recovery request
· FFS: the control channel search space can be same or different from the current control channel search space associated with serving BPLs
· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission

In this contribution, we discuss the DL beam management framework, namely the beam management procedures in RRC connected mode; the scope of beam management and the intersection between the beam management framework and the beam failure recovery framework.
DL Beam Management in NR
When the UE is in RRC-CONNECTED mode, UE-specific CSI-RS resources are available for beam measurement and reporting. While CSI-RS resources based measurements can be more flexible and more efficient, they have a fundamental requirement: the configuration of CSI-RS must be coordinated between the cells. That coordination itself sometimes creates a big burden for network operation. Conversely, SS block is used for beam selection for initial access. For SS-block based measurements, there is no need to configure the resources for measurements, as the UE will scan all possible SS-blocks (with default periodicity for the neighbour cells without requiring system information). We thus propose, for P-1 beam management framework, in addition to UE-specific CSI-RS, supporting periodic measurement and reporting based on SS-block-RSRP. 
Proposal 1: Periodic reporting should be supported in P-1 beam management procedure
Proposal 2: SS-blocks for beam measurement and reporting should be supported in P-1 beam management procedure 
Proposal 3: No need to introduce cell-specific CSI-RS for beam management procedure. 
Beam management and Beam Failure Recovery
Beam management, as defined in the NR study item [1] is 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. Beam management includes beam measurement, beam reporting, and beam selection/reselection. 
Beam recovery is a UE triggered mechanism to recover from beam failure. It includes beam failure detection, where the UE monitors at least CSI-RS used for beam management to assess whether BPL(s) quality is not met to trigger beam failure condition. It also includes beam failure recovery request transmission from UE which identifies UE and gNB beam information. The UE finally monitors the control channel search space to receive gNB response to the beam recovery request to complete the beam recovery procedure. 
The scope of beam management and beam failure recovery mechanisms is put into perspective in Figure 1. Figure 1 shows the beam management procedure, with beam measurement and reporting, and selection and reselection as two main components. It also shows the different steps of beam recovery. Beam management results in a set of N BPL(s) maintained at the UE and the gNB, such that beam failure recovery procedure is run for L BPL(s). 
The Beam management and beam recovery procedures run in parallel, and to identify new beam pair link(s), after beam failure detection, the UE makes use of the beam measurement and reporting mechanism in the beam management procedure as illustrated in Figure 1 in the dashed line between beam failure recovery and beam management.
Observation 1: Beam management and beam recovery are two procedures that run in parallel
Observation 2: Beam recovery uses beam management measurement and reporting for beam failure detection and identification of beams for recovery.

Figure 1: Beam management and beam recovery procedures
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Summary 
In this contribution, we discussed our view on the beam management framework. We made the following observations and proposals.
Observation 1: Beam management and beam recovery are two procedures that run in parallel
Observation 2: Beam recovery uses beam management measurement and reporting for beam failure detection and identification of beams for recovery.
Proposal 1: Periodic reporting should be supported in P-1 beam management procedure
Proposal 2: SS-blocks for beam measurement and reporting should be supported in P-1 beam management procedure 
Proposal 3: No need to introduce cell-specific CSI-RS for beam management procedure. 
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