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1
Introduction
In RAN1 meeting in Athens, RAN1 made additional progress regarding the beam management for NR. Many WFs were agreed during the meeting. In the Athens meeting we also had discussions in RAN4 related to the beam management. In this paper, we continue this discussion considering the latest RAN1 agreements to see which of agreement can be expected to require core and/or performance requirements developed in RAN4. 
2
Discussion
In the following sections, we go through the RAN1 agreements we see impacting the RAN4 work. The purpose is to discuss within RAN4 how the RAN1 decisions can map to requirements.

2.1 Beam Management framework
Some of the RAN1 decisions (definitions) related to the beam management framework are already captured in the SI report. However, for the further discussion it is good to use same or similar procedural framework as RAN1. RAN1 defined 3 steps:

P1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
P2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
P3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
RAN1 also agreed that beam management procedures can utilize at least the RS defined for mobility purpose at least in connected mode and the CSI-RS where the CSI-RS is configured by the network for a UE (and multiple UEs can be configured with same CSI-RS).
Observation 1: RS defined for mobility can be used for beam management – at least in connected mode.
Observation 2: CSI-RS can be used for beam management.

2.2 Beam Diversity (multi-beam transmission in UL/DL)

When looking at the agreements not under FFS one of the topics agreed is related to beam blocking handling. In order to ensure robustness of the NR-PDCCH against beam pair link blocking the UE can be configured to monitor NR-PDCCH on more than one beam pair link simultaneously. There are still many open items for FFS in RAN1 but from the agreements, there seem to be a need to define ‘beam blocking’ criteria. Exactly what beam blocking is and how to decide on UE side whether it is experiencing beam blocking will need further study. But in the end, we believe that RAN4 at least need to define associated requirements.
Observation 3: RAN4 would need to define core and performance requirements for beam blocking.

2.3 Beam indication
RAN1 agreed that NR supports beam management with and without beam-related indication. UE reports information associated with N selected Tx beams based on the RS used for beam management. When UE is monitoring beams for the reception of NR-PDCCH, such beams need to be indicated, hence the need for beam indication. This operation is naturally linked with mean identification. 
Observation 4: UE needs to be able to monitor up to N selected Tx beams.
Observation 5: UE needs to be able to report up to N selected Tx beams.

2.4 Beam grouping and reporting
When discussing beam grouping and reporting RAN1 has agreed that NR supports at least aperiodic beam reporting scheme:

· Aperiodic beam reporting under P-1, P-2 and P-3

Other reporting schemes are still under discussion. A beam group is defined as:

Beam group: TRP(s) or UE to group multiple Tx and/or Rx beam(s) and/or beam pair(s) into one subset of beams.

It was agreed that UE can be configured by higher with parameters for beam management. The agreements include that UE can be configured with N≥1 reporting settings, M≥1 resource settings, where:

A report setting includes at least:

· Information indicating selected beam(s)

· L1 measurement reporting

· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent

· Frequency-granularity if multiple frequency granularities are supported
And resource setting includes at least:
· 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

· Some parameters of K CSI-RS resources can be the same, e.g. port number, time-domain behavior, density and periodicity if any
Observation 6: UE need to support beam grouping.
UE will perform measurements based on the RS defined for beam management (currently at least CSI-RS) and would need to be able to perform measurements on K beams, where K is the total number of configured beams. Additionally, the UE needs to support reporting of the measurement result of N selected beams.

Observation 7: UE can be configured with up to K beams.

Observation 8: UE shall be able to report measurement result of N selected beams.

In NR also beam grouping is supported where there can be L groups. Each group refers to a RX beam set or UE antenna group. For each group the UE shall be able to report at least group information (in some cases), measurement quantities for N beams, information concerning the N DL Tx beams.
The UE need to support at least L1 RSRP and CSI (when CSI-RS is used for CSI) reporting.
Observation 9: UE need to support up to L beam groups.
Observation 10: UE need to support up to N beams per beam group.
2.5 Mechanisms to recover from beam failure
RAN1 also discussed and made agreements related to beam management failure and recovery. The principle agreed is that beam failure event occurs when the quality of a beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). 
RAN1 also agreed that mechanism to recover from beam failure is triggered when beam failure occurs and that NR supports that UE can trigger mechanism to recover from beam failure.
Observation 11: NR supports beam management failure and recovery.

Observation 12: NR would need requirements for beam failure

Observation 13: NR would need requirements for beam recovery.

2.6 Summary
Based on the RAN1 agreements related to beam management we made following observations:
Observation 1: RS defined for mobility can be used for beam management – at least in connected mode.

Observation 2: CSI-RS can be used for beam management.

Observation 3: RAN4 would need to define core and performance requirements for beam blocking.

Observation 4: UE needs to be able to monitor up to N selected Tx beams.

Observation 5: UE needs to be able to report up to N selected Tx beams.

Observation 6: UE need to support beam grouping.

Observation 7: UE can be configured with up to K beams.

Observation 8: UE shall be able to report measurement result of N selected beams.

Observation 9: UE need to support up to L beam groups.

Observation 10: UE need to support up to N beams per beam group.

Observation 11: NR supports beam management failure and recovery.

Observation 12: NR would need requirements for beam failure

Observation 13: NR would need requirements for beam recovery.

Based on the observations we see a need for RAN4 to develop requirements for the identified UE needs. Specifically, we propose:
Proposal 1: RAN4 shall define requirements for beam management using RS defined for mobility (NR-SSS)
Proposal 2: RAN4 shall define requirements also for CSI-RS beam management
Proposal 3: RAN4 shall define core and performance requirements for beam blocking.
Proposal 4: UE shall be able to monitor up to N selected Tx beams.
Proposal 5: UE shall be able to report up to N selected Tx beams.

Proposal 6: UE shall support beam grouping.
Proposal 7: UE shall support up to K beams.

Proposal 8: UE shall be able to report measurement result of N selected beams.

Proposal 9: UE shall support up to L beam groups.

Proposal 10: UE shall support up to N beams per beam group.
Proposal 11: RAN4 shall define requirements for beam management failure and recovery.

Proposal 12: RAN4 shall define requirements for beam failure

Proposal 13: RAN4 shall define requirements for beam recovery.

Additionally, we propose that the listed requirements are captured in somehow either in a big CR or skeleton TS.
3
Conclusion
In this paper, we provide our views on NR RRM requirements to be defined. Based on the RAN1 agreements we make several observations concerning how these agreements leads to UE requirements and we have identified a few possible UE requirements related to beam management. We propose:
Proposal 1: RAN4 shall define requirements for beam management using RS defined for mobility (NR-SSS)

Proposal 2: RAN4 shall define requirements also for CSI-RS beam management
Proposal 3: RAN4 shall define core and performance requirements for beam blocking.
Proposal 4: UE shall be able to monitor up to N selected Tx beams.
Proposal 5: UE shall be able to report up to N selected Tx beams.

Proposal 6: UE shall support beam grouping.
Proposal 7: UE shall support up to K beams.

Proposal 8: UE shall be able to report measurement result of N selected beams.

Proposal 9: UE shall support up to L beam groups.

Proposal 10: UE shall support up to N beams per beam group.
Proposal 11: RAN4 shall define requirements for beam management failure and recovery.

Proposal 12: RAN4 shall define requirements for beam failure

Proposal 13: RAN4 shall define requirements for beam recovery.

Additionally, we propose that the listed requirements are captured in somehow either in a big CR or skeleton TS.
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