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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 transmission/reception, which includes beam determination, measurement, and reporting.
In RAN1 NR Adhoc, beam measurement and reporting based on CSI-RS was agreed as below.

Agreements:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:

· N is not necessarily fixed number 

· FFS: whether/how to configure and/or indicate the values of N

· Note: The above procedure based on RS for mobility purpose is not precluded.

· Reporting information at least include

· Measurement quantities for N beam (s) 

· FFS: Detailed reporting contents, e.g., CSI, RSRP or both

· FFS: How to select N beam(s)

· FFS: how to identify the subset

· Information indicating N DL Tx beam(s), if N < K

· 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, etc.
Furthermore, in RAN1 #88, the following agreements were made regarding beam reporting and the RS used for beam management,

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

Agreements:

· For the signal(s) utilized for beam management (BM) for P1/P2/P3, study further whether it is UE-specific vs. non-UE-specific

In this contribution, we discuss beam measurement and reporting for enhanced beam management for IDLE mode UEs. 
2 Robust Beam Management for Idle UEs
Unlike traditional cell-based systems, NR is a beam-based system that has a clear functional overlap between beam management, mobility management and CSI acquisition. 

Beam management for CONNECTED mode UEs, can be based in general on SS-block-RSRP, and CSI-RSRP and/or CSI-report, when CSI-RS is for CSI acquisition. 

For IDLE mode UEs in initial/random access, beam measurement and reporting is based on SS-block-RSRP. In the 4-step random access procedure in NR, at least for UE in IDLE mode, the DL Tx beam determination is based on the subset of RACH preamble indices selected by the UE [1]. The UE selects the subset of resources for the RACH preamble in step-1 of the RACH procedure, the gNB derives the selected beam ID at the UE from the RACH resource and use it as a DL Tx beam in msg. 2 (RAR). At the UE, SS-block-RSRP is used to measure the beam quality per SS-block. The reporting is implicitly based on the selected RACH resource. 

This implicit beam measurement and reporting in the random access procedure, at least for IDLE mode UEs, can be made more robust by explicitly reporting alternative DL Tx beam (s) during the RACH procedure, in msg. 3 (step 3 of the 4-step RACH procedure). These alternative DL Tx beams can subsequently be used in msg. 4 of the RACH procedure, as deemed feasible by the network, to improve the quality and reliability of the beam in the RACH procedure, as well as subsequent coarse beam management for CONNECTED mode UEs. 

Observation 1: Beam management procedure for IDLE mode UEs can be made more robust by explicitly signalling alternative beams in msg. 3 of the RACH procedure.
Observation 2: Beam management procedure for CONNECTED mode UEs can benefit from robustness in SS-block based initial access beam reporting.
The measurement and reporting, at the UE, of the alternative DL Tx beam ID (s) in msg. 3 is done based on SS-block-RSRP. The UE reports on the beam ID(s) of the DL Tx beams at the gNB, that correspond to a good measured beam quality. The reported alternative DL Tx beam ID(s) correspond to a set of DL Tx beam(s) that map to a RX beam known at the UE.  The UE may not follow the group beam reporting for CONNECTED mode UEs and the reporting does not contain information indicating the Rx beam set at the UE.
Proposal 1: NR supports beam reporting of a group of DL Tx beam(s) in RACH procedure based on SS-block-RSRP
Proposal 2: Beam reporting in RACH procedure does not indicate information indicating Rx beam set. 
3 Summary 

In this contribution, we discussed beam management framework for IDLE mode UEs. We made the following observations and proposals:
Observation 1: Beam management procedure for IDLE mode UEs can be made more robust by explicitly signalling alternative beams in msg. 3 of the RACH procedure.

Observation 2: Beam management procedure for CONNECTED mode UEs can benefit from robustness in SS-block based initial access beam reporting.

Proposal 1: NR supports beam reporting of a group of DL Tx beam(s) in RACH procedure based on SS-block-RSRP
Proposal 2: Beam reporting in RACH procedure does not indicate information indicating Rx beam set. 
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