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1 Introduction
In the January Ad-Hoc meeting, RAN1 agreed UE performs measurement on multiple beams and report measurement results of N selected beams for beam management. 
	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.



In RAN1#88 meeting, the agreements on beam management framework were made in [2]
	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 offline whether or not the mechanism for CSI acquisition framework can be applicable. 



In this contribution, we discuss the potential impacts of the beam management (BM) framework on RAN2.
2 Introduction
2.1 RRC configuration for BM
HF signals have high reliance on beamforming and vulnerable to the propagation environment. Considering Tx/Rx beamforming are extremely susceptible to blockage and UE rotation, multiple-beam transmission are proposed to improve the link reliability. So continuous data transmission can be guaranteed by some available links if other links are blocked. UE is required to perform physical layer measurement/report on multiple beams.
In RAN1#88 meeting [1], a framework via RRC configuration for BM is agreed. Just as illustrated in Figure 1, it is composed of N≥1 reporting settings, M≥1 resource settings, and 1 CSI measurement setting. The CSI measurement setting includes one or multiple links and each of the links corresponds to a reporting setting and a resource setting. Currently, it was agreed that a resource setting includes at least one CSI-RS resource set and each CSI-RS resource set having K≥1 CSI-RS resources.


Figure 1 Report setting, resource setting and measurement setting for beam management
Conceptually, it is quite similar as the RRM measurement model in LTE, which consists of measurement object and a reporting configuration. The measurement object and the reporting configuration is linked by a measurement identity. The measurement object is per frequency, containing black lists and white lists cells. The reporting configuration defines the criteria the UE uses to send measurement reports, e.g. event-triggered, periodic, and event-triggered periodic reporting. RAN2 can consider reusing the principle of RRM measurement configuration for BM. 
Observation 1: The BM framework is comprised of CSI-RS resource settings, report settings as well as the links between them through CSI measurement setting.  It is quite similar as the RRM measurement configuration in LTE. 

Proposal 1: Resource settings, report settings and the links between them through CSI measurement setting for BM should be configured by RRC. 
Proposal 2: RAN2 considers to reuse the same principle as RRM measurement configuration for BM settings configuration. 
Resource setting
For BM, UE is configured with one or multiple (M≥1) resource settings. The resource settings define the CSI-RS resources based on which UE performs L1 measurement for beam management. In one resource setting, one or multiple CSI-RS resource sets can be configured and each CSI-RS resource set includes one or multiple CSI-RS resources. 
The association between the CSI-RS resources and the Tx beams may be left to network implementation. It’s possible that each CSI-RS resource conveys a specific Tx beam, which can be configured in one or multiple CSI-RS resource sets. It’s also possible that each CSI-RS resource set corresponds to one Tx beam. Considering UE needs to perform L1 measurement to derive L1-RSRP or CSI on all the configured CSI-RS resources. The total number of configured beams in the M resource settings should be configured properly. If large number of Tx beams are configured for UE to measure, both the RRC signaling overhead and UE power consumption for measurement are concerned; If small number of Tx beams are configured, beam management decision is suboptimal and UE has higher risk of RLF when fewer Tx beam are available and blockage occurs. 
Observation 2: Large size of resource settings results in higher RRC signalling overhead and higher UE power consumption; small size of resource settings result in suboptimal BM decision and higher risk of RLF. 
Report setting
UE is configured with one or multiple (N≥1) report settings for BM. Generally, the report settings define on which CSI-RS resources and how to provide L1 measurement report by UE. One beam reporting setting includes the reporting parameter, e.g. time-domain behavior (i.e. periodic, semi-persistent or aperiodic reporting), and frequency granularity and information indicating selected beam(s). The report settings configuration determines the signal size carrying UE measurement report, which further impacts the decoding complexity at the network side. 
Observation 3: The size of the reporting settings determines the signalling overhead carrying L1 measurement report as well as the decoding complexity at the network side. 
2.2 Management on BM Sets
Proper configuration of Resource settings and report settings is required to optimize the BM performance, UE power consumption for measurement as well as signaling overhead. Due to the mobility of UE, the resource settings and report settings needs to updated/reconfigured. 
Observation 4: The BM settings need to be updated due to UE mobility.
Conceptually, resource setting for BM is quite similar as CoMP measurement set in LTE. It defines the set of TPs the UE is required to perform CSI measure and report over physical layer. The deployment scenario of multiple-TRP is similar as CoMP scenario 4, where each TRP Tx beams can be distinguished by the CSI-RS resources. A function with certain measurement procedure can be considered, which is to enable the network to determine which CSI-RS resources or CSI-RS resource sets should be included in the resource settings (i.e. addition, removal of CSI-RS resources corresponding to different TRP Tx beams).  The procedure can be called as BM sets management for simplicity. After initial access, the initial resource settings and report settings are configured by the network based on certain knowledge, e.g. deployment, random access procedure. In order to support UE mobility, UE performs RRM measurement and sends the measurement results whenever the configured reporting criterion is satisfied. The measurement report is used to help network to make proper reconfiguration for the resource settings. 


Figure 2 BM sets management

Proposal 3: RAN2 considers a procedure for BM sets management.  
Considering the purpose of the procedure is just to manage the resource settings and report settings for BM, it does not have any impact on inter-cell mobility handling which is still handled by the RRM measurement and HO procedure being discussed in RAN2. So RRM measurement for cell-level mobility and BM sets management can be configured and performed independently. 
Proposal 4: RRM measurement for cell-level mobility and BM sets management can be configured and performed independently. 
The existing C1/C2 events could be considered as a start for the purpose of BM sets management. 
· Event C1 (CSI-RS resource becomes better than threshold)
· Event C2 (CSI-RS resource becomes offset better than reference CSI-RS resource)
Event C1 can be effectively used for the initial configuration of BM sets to determine the CSI-RS resources that are above an acceptable threshold for BM operation.   If the leaving condition for Event C1 for a CSI-RS resource is satisfied, it means the corresponding beam is below an acceptable threshold, and network may consider to remove the corresponding CSI-RS resource.
Event C2 could be used by the network to determine the beams that are better than the current “serving beams”. It’s possible that UE might be served by multiple beams. Therefore, the “reference CSI-RS resource” can be used, which could be one of the serving beams.
Proposal 5: RAN2 considers using C1/C2 as a starting point to support RRM measurement for BM sets management. 


3 Conclusion
In this contributions, the potential impact of the BM framework on RAN2 are discussed. Based on the observations:
Observation 1: The BM framework is comprised of CSI-RS resource settings, report settings as well as the links between them through CSI measurement setting.  It is quite similar as the RRM measurement configuration in LTE. 
Observation 2: Large size of resource settings results in higher RRC signalling overhead and higher UE power consumption; small size of resource settings result in suboptimal BM decision and higher risk of RLF. 
Observation 3: The size of the reporting settings determines the signalling overhead carrying L1 measurement report as well as the decoding complexity at the network side. 
Observation 4: The BM settings need to be updated due to UE mobility.
We propose:
Proposal 1: Resource settings, report settings and the links between them through CSI measurement setting for BM should be configured by RRC. 
Proposal 2: RAN2 considers to reuse the same principle as RRM measurement configuration for BM settings configuration. 
Proposal 3: RAN2 considers a procedure for BM sets management.  
Proposal 4: RRM measurement for cell-level mobility and BM sets management can be configured and performed independently. 
Proposal 5: RAN2 considers using C1/C2 as a starting point to support RRM measurement for BM sets management. 
4 Reference
[1] 3GPP, RAN1 NR Ad-Hoc, Chairman’s Notes
[2] 3GPP, Draft_Minutes_report_RAN1#88_v010
[3] 3GPP TR 36.819 V11.2.0 (2013-09)


Microsoft_Visio_Drawing2.vsdx



BM set 1
BM set 2
NR cell



image1.emf
Report setting 0

Report setting 1

Report setting N

Resource setting 0

Resource setting 1

Resource setting M

Measurement setting

Link 0

Link 1

Link 2

Link 3


Microsoft_Visio_Drawing1.vsdx
Report setting 0
Report setting 1
Report setting N
Resource setting 0
Resource setting 1
Resource setting M
Measurement setting
Link 0
Link 1
Link 2
Link 3



image2.emf
BM set 1

BM set 2

NR cell


