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1 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

Agreements:

· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 

· For each group l, UE reports at least the following information:

· Information indicating group at least for some cases

· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1

· Measurement quantities for Nl beam (s)

· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)

· FFS: the details of RSRP/CSI derivation and content

· FFS: Other reporting contents, e.g., RSRQ  

· FFS: Configurability between L1 RSRP and CSI report

· FFS: whether or not to support differential L1 RSRP feedback

· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable

· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.

· This group based beam reporting is configurable per UE basis.

· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1

· NOTE: No group identifier is reported when it is turned off 

· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously

· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission

In this contribution, we discuss the DL beam management framework, namely the beam measurements and reporting for P-1 and P-2 beam management procedures.
2 Beam Management Framework for Connected UEs
In general, beam management in NR can be based on SS-RSRP and CSI-RSRP report which is part of mobility management and/or CSI acquisition. Based on the definition in the TR [1], P-1 beam management procedure is used to enable UE measurements on different gNB Tx beams to support selection of gNB Tx beams and UE Rx beams. P-2 beam management enables UE measurements on different gNB Tx beams to possibly change intra or inter gNB Tx beams. P-2 selects from a possibly smaller set of beams for beam refinement than in P-1. P-2 can be a special case of P-1.
The purpose of P-1 and P-2 beam management procedures is to allow the gNB to select the DL Tx beams used for transmission of control and/or data channels. Although the beam measurement report can be based on SS-block and/or configured CSI-resources, the selection of the DL Tx beams is up to the gNB and need not be tied to the type of measurement and beam reporting used.  In other words, both P-1 and P-2 can be thought of as a reporting procedure and not a selection procedure, thus whether it is for beam selection or re-selection is not enough ground to differentiate between the two procedures, making them quite similar. Furthermore, both procedures can be based on configured CSI-RS resources, and be at least network-triggered aperiodically reported.  
Observation 1: gNB selection of DL Tx beams is not part of P-1 or P-2.
Observation 2: The definition of P-1 and P-2 beam procedures do not have enough differentiation aspects
For initial access, SS-block is used for beam selection. When UE is in CONNECTED mode, another choice of reference signals, CSI-RS resources is available for beam measurement and reporting. While CSI-RS resources based measurement can be more flexible and more efficient, it has a fundamental requirement: the configuration of CSI-RS must be coordinated between cells. That coordination itself sometimes creates a big burden for network operation. Conversely, 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), similar to the synchronization procedure. The UE will then report on the strongest SS-block-RSRP measured. Similarly, SS-block based measurements are also supported for RRM measurements [2]. We thus propose that for P-1 beam management framework, periodic measurement and reporting especially based on SS-RSRP, should be supported, since the SS-block-RSRP need not be configured, and the UE will measure the SS-block periodically.

Proposal 1: SS-block-RSRP report should be supported in P-1 beam management procedure 
Proposal 2: Periodic reporting should be supported in P-1 beam management procedure
Table 1 further summarizes our view on the framework for beam management for initial access and connected UEs, for P-1 and P-2 beam management procedure, based on SS-blocks and CSI-resources. 
Table 1: Summary of beam management and recovery framework 

	
	SS-blocks
	CSI-RS

	Beam management for Initial Access
	No need to configure SS-blocks for measurement (UE scan all possible SS-blocks)
	

	Beam management for connected UE (P-1)
	No need to configure SS-blocks for measurement (UE scan all possible SS-blocks)

Periodic and/or aperiodic report on strongest SS-RSRP received 
	A set of CSI-RS resources are configured for measurement

Periodic and/or aperiodic report on strongest CSI-RSRP received

	Beam management for connected UE (P-2)
	
	A set of CSI-RS resources are configured for measurement

Aperiodic (gNB triggered) report RSRP of the strongest N CSI-RS 

	Beam Recovery 
	Configurable event: each event includes one or multiple RSs (either multiple SS-blocks or CSI-RSs, not mixing) for UE to monitor, the threshold for triggering report and the RACH like resource for UE to send beam failure report. 


3 Summary 

In this contribution, we discussed our view on the beam management framework for connected UEs. We made the following observations and proposals.
Observation 1: gNB selection of DL Tx beams is not part of P-1 or P-2.
Observation 2: The definition of P-1 and P-2 beam procedures do not have enough differentiation aspects

Proposal 1: SS-block-RSRP report should be supported in P-1 beam management procedure 
Proposal 2: Periodic reporting should be supported in P-1 beam management procedure
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