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1 Introduction
In the study item phase, the beam reporting scheme were discussed and following agreements were made [1][2].
Agreements: [1]
· 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

Agreements:[2]
· For NR, the CSI parameter CRI (CSI-RS Resource Indicator) is supported 

· FFS the applicability to CSI acquisition/beam management

· CRI functionality includes selection and reporting of indices for N out K NZP CSI-RS resources

· FFS: Maximum value of N (Nmax), including the possibility of having Nmax=1

· FFS using CRI to additionally select NZP CSI-RS resources for interference measurement (if supported)

· If Nmax > 1 is supported, the value of N is included in the associated CSI reporting setting

· The maximum value of N [image: image2.png]€{12,..,K}



 may be a UE capability

· FFS whether N is higher-layer configured or UE selected

Agreements:[2]
· 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 consider suitable contents of beam reporting for NR. 
2 Discussion
In the study item phase, RAN1 reached several agreements regarding beam reporting. But there are still many open issues. We think that following aspects should be treated at first in work item phase.

· the periodic/semi-persistent  beam reporting

· the applicability of CRI for beam management
· the criteria to select the beams to be reported
2.1 Periodic/semi-persistent beam reporting

The main objective of beam reporting is to identify the beam for CSI acquisition. In case of beam reporting for eMBB use case, aperiodic beam reporting may be sufficient. In case of beam reporting for URLLC, to reduce latency of beam reporting, beam refreshment condition should be kept in all times. To keep beam refreshment condition for URLLC, frequent beam reporting for beam refreshment is required. Aperiodic reporting for such frequent reporting requires frequent DL indication for aperiodic reporting, which would cause overhead issue. Therefore, for the frequent report, periodic/semi-persist   beam reporting scheme is more suitable than the aperiodic beam reporting scheme.
Proposal 1: RAN1 should specify periodic/semi-persistent beam reporting  in addition to aperiodic beam reporting.
2.2 Applicability of CRI for beam management
To perform the beam refreshment, K beam candidates associated with K CSI resources would be provided by gNodeB/TRP. UE can select a beam out of K beams based on RSRP. If K beam candidates are being provided adequately by gNodeB/TRP, the beam selected by UE based on RSRP will indicates a center of K candidate beams (Figure 1). On the other hand, if K beam candidates are not suitable, the beam selected by UE based on RSRP would indicates edge beam of K beam candidates (Figure 2).
Observation 1: The beam reporting based on RSRP is required to inform gNodeB whether the provided beam candidates is suitable for beam refreshment.
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Figure 1 optimal beam candidates for the beam refreshment
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Figure 2 Un optimal beam candidates the beam refreshment
In addition to beam refreshment, the other objective of beam reporting is to identify a beam to be proceeded to CSI acquisition. For the purpose, UE has to report the best quality beam based on RSRQ.
Observation 2: The beam reporting based on RSRQ is required to inform gNodeB the beam to be proceeded to CSI acquisition phase.
As mentioned above, for beam reporting, two kind of beam reporting are required. First one is beam reporting based on RSRP. The other  is beam reporting based on RSRQ. The beam target of RSRP based beam reporting  is different from the beam target of RSRQ beam reporting. In study item phase, RAN1 identified that CRI may be needed for beam management. The detailed utilization of CRI has not been discussed. We think one CRI should indicate the beam target of RSRP based reporting and the other CRI should indicate the beam target of RSRQ based reporting.
Proposal 2: NR should support two CRI in beam reporting. The first  CRI should indicate the beam for RSRP based reporting and the second CRI should indicate the beam for RSRQ based reporting.
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Figure 3 RSRP based reporting and RSRQ based reporting
2.3 Criteria to select the beams to be reported
Until 4G, it had been natural to use RSRP/RSRQ based criteria so that UE selects preferable beam. In 5G system, gNodeB/TRP has a capability to provide a beam with huge antenna gain. Then there may be many gNodeB/TRP around UE. This situation means that UE can receive many acceptable beams from gNodeBs/TRPs. Figure 4 shows a case where two TRP are providing beams with mostly same quality from RSRP/RSRQ perspective. The red area is obviously near TRP (2). Then, most energy of the beam from TRP (2) goes to ground. On the other hand partial energy of the beam from TRP (1) goes to ground. The most of rest energy of the beam from TRP(1) goes to horizontal direction which causes interference toward neighboring TRP area. When considering overall system throughput performance, UE need to select the beam from TRP (2).In order to do that, UE needs to know a beam attribute regarding a potential interference level toward neighboring area.
Observation 3: Among mostly same quality beams, each beam can be distinguished using the possibility to give interference toward neighboring area.
Proposal 3: CSI resource setting should include an information regarding a potential interference level toward neighboring area.

[image: image6.emf]TRP(1) TRP(2)

This is a area where both TRP(1) and TRP(2) can provide a beam with 

mostly same beam quality from RSRP/RSRQ level perspective

Most energy goes to ground

Most energy goes to horizontal direction

( strong interference toward neighboring area)


Figure 4 Two TRP are providing beams with mostly same quality
3. 
Conclusions
In this contribution, the following observations and proposals are made:
Observation 1: The beam reporting based on RSRP is required to inform gNodeB whether the provided beam candidates is suitable for beam refreshment.
Observation 2: The beam reporting based on RSRQ is required to inform gNodeB the beam to be proceeded to CSI acquisition phase.
Observation 3: Among mostly same quality beams, each beam can be distinguished using the possibility to give interference toward neighboring area.
Proposal 1: RAN1 should specify periodic/semi-persistent beam reporting  in addition to aperiodic beam reporting.
Proposal 2: NR should support two CRI in beam reporting. The first  CRI should indicate the beam for RSRP based reporting and the second CRI should indicate the beam for RSR
Q based reporting.

Proposal 3: CSI resource setting should include an information regarding a potential interference level toward neighboring area.
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