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Discussion and Decision
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Introduction
In NR, The aim of the beam management is to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception. This is mainly RAN1’s task, and in this contribution, the RAN2 implications as a consequence of RAN1 agreements will be discussed. 
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Discussion
In the RAN1#88 meeting, the measurement framework of CSI RS for beam management was discussed and the following agreements have been reached. 
· 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

According to the agreements from RAN1, it can be seen that the LTE RRM measurement like framework is adopted for the beam management. That is, a UE can be configured with N CSI reporting settings (as the report configurations in LTE), M≥1 resource settings (as the measurement objects configuration in LTE), and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links (as the measurement IDs in LTE). And each of the L links corresponds to a CSI reporting setting and a Resource setting, through the linkage, one CSI reporting setting can be linked with one or multiple Resource settings and multiple CSI reporting settings can be linked with the same Resource setting.
Observation1. A LTE RRM measurement like framework is introduced for CSI RS based beam management in RAN1.
According to the agreement of RAN1#89：

· RAN1 provides the following response to Question 1:

· The design of CSI-RS for L3 mobility should reuse the CSI-RS design for beam management as a baseline. 

· CSI-RS for L3 mobility can have same, partly same or different configuration from CSI-RS for beam management.
· For example, they could be the same when both are configured to be periodic with same periodicity

· For example, they could be different when CSI-RS for L3 mobility is configured to be periodic and CSI-RS for beam management is configured to be aperiodic

· For example, they could be partly the same when both are configured to be periodic but with different periodicities

The design of CSI-RS for L3 mobility should reuse the CSI-RS design for beam management as a baseline. And there are quite a lot common parameters of the CSI-RS configuration for RRM measurement and the CSI-RS configuration for beam management. So the agreements for CSI RS configuration for RRM measurement can also be applied for CSI measurement setting for beam management.
Proposal1. Common principles could be applied to the CSI RS configuration for beam management and the CSI RS configuration for RRM measurement.
According to the framework of beam management, the M resource settings define the CSI-RS resources that configured to UE. And to avoid the high overhead of a wide spatial domain coverage with a huge number of very narrow beams, on which CSI-RS are transmitted, it is reasonable to consider transmitting only subsets of those very narrow beams, based on the locations of the active UE. This is also important for UE power consumption. And the following question will be how to acquire and maintain sets of the CSI RS resources on which the measurement should be performed.
Observation2. To avoid high overhead and UE power consumption, suitable CSI RS resources should be selected to be included in the M resource settings.
According to RAN1’s agreement, for connected UE at least UE-specifically configured CSI-RS will be used for beam management. And it is still FFS whether the SS-blocks can be used for beam management. But at least the spatial QCL assumption can be supported between CSI RS resources and SS blocks.
Agreements from RAN1#88bis
· 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
Agreements from RAN1#89

· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters

Observation3. The spatial QCL assumption can be supported between CSI RS resources and SS blocks.
For instance, one SS block can be spatial QCL-associated with N CSI-RS resources/ports, which means that Tx beam serving for SS block can well cover Tx beam sets associated with N CSI-RS resources/ports. Based on the spatial QCL assumption between CSI RS resources and SS blocks, the measurement results based on SS blocks can be used to narrow down the CSI RS resource sets based on which UE performs measurement for beam management. For example, if only some of the SS blocks measurement quality above threshold, only the CSI RS resources that have QCL assumption with these “good” SS blocks will be included in the CSI RS resource settings. And the network can change the CSI RS resources configuration based on the updated NR SS measurement results.

And RAN 1 also study the approach to get the beam reports based on SS-block measurements, but does not have a conclusion on it.

· Study whether or not support mechanism for UE to provide L1/L2 reports based on SS-block measurements for beam management
· FFS which channels/signals in SS-block for measurement
· Especially in light of L3-RSRP
· Study further whether or not to have a unified format for L1-RSRP measurement report of SS-block and CSI-RS
Proposal2. The NR-SS based beam measurement results and the spatial QCL assumption between CSI RS resources and SS blocks could be utilized for the determination and maintenance of the CSI-RS resource settings for beam management. 
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Conclusion
For beam management, the RAN2 implications as a consequence of RAN1 agreements are discussed, with the following observations and proposals.
Observations:

Observation1. A LTE RRM measurement like framework is introduced for CSI RS based beam management in RAN1.
Observation2. To avoid high overhead and UE power consumption, suitable CSI RS resources should be selected to be included in the M resource settings.

Observation3. The spatial QCL assumption can be supported between CSI RS resources and SS blocks.

Proposals:

Proposal1. Common principles could be applied to the CSI RS configuration for beam management and the CSI RS configuration for RRM measurement.
Proposal2. The NR-SS based beam measurement results and the spatial QCL assumption between CSI RS resources and SS blocks could be utilized for the determination and maintenance of the CSI-RS resource settings for beam management.
