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In RAN1#88 [1], we had the following agreement for beam management in NR.
	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 whether or not the mechanism for CSI acquisition framework can be applicable


This contribution provides our views on resource setting over hierarchical beam management.
Discussion
In multi-beam scenarios, communication between gNB and UE may rely on the beamforming operation, especially at higher frequency (above 6GHz). To enhance beam management (BM) efficiency, the hierarchical (or multi-stage) BM with concept of either wide-beam or beam group adopt in the beginning can be leveraged. As a result hierarchical BM can be classified with exemplary illustration Figure 1
· Hierarchical Beam Management
· Cell-/group-specific BM
· UE-specific BM
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Figure 1: Exemplary architecture of BM in NR MIMO
Beam Deployment
The purpose of BM is to achieve effective NR MIMO operation, controllable overhead, and reduced interference. More than that it shall also provide more robust link adaptation for data transmission. Hierarchical BM can be a multi-stage procedure including cell-/group-specific and UE-specific BM. The gNB with multiple panels will transmit DL RS for BM. For cell-/group-specific BM it can be indicated by a cell-/group-specific RS while for UE-specific BM it may belong to UE-specific RS. Each RS resources could imply to one beam. In that sense, beam deployment could be revealed in Figure 2. If UE can decide which serving beam at 1st stage, UE only needs to measure number of 2nd stage narrow beams covering the same area of the wide beam, which can reduce beam-search complexity at UE side and can distribute resources effectively for gNB.
[image: ]
Figure 2: Exemplary beam deployment
Observation 1: Hierarchical beam management can be more efficient than full beam search and so does utilization of RS resources.
BM process
As CSI process performs to channel estimation with certain configurations, so is BM process to the beam management. For the hierarchical beam management, gNB may configure BM process for each stage to operate individual beam management. Then each resource set with multiple resources could be comprised in the BM process. Give an example shown in Figure 2, we know that 1st resource set could have four reference signal resources for a BM process and 2nd resource set could have 16 resources for another BM process, respectively. In addition, according to RAN1#86 agreement [2], we have three BM procedures, P1, P2, and P3. Initial beam acquisition and beam selection can be operated in P1, while DL Tx beam reselection and refinement can be performed in P2 procedure. Each procedure could be individually configured as a BM process by gNB with specific resource setting and reporting setting. As an example shown in Figure 3(a), gNB configures BM process I with the set of K1 resources for P1 procedure and BM process II with a set of K2 resources for P2, respectively. After UE report selected N1 beam(s) from K1 in BM process I, not just BPL table in P1 had been built but gNB could also activate (and/or de-activate) resources in process II to the UE. Accordingly more resources can be released/saved which would increase resource utilization efficiency and better beamforming gain could be refined in P2 which may use for data transmission. Specifically, as revealed in Figure 3(b), gNB may configure a BM process for P1 with 4 reference resources (i.e. indicator 1,2,3,4) then UE report resource indicator 2,4. After P1, gNB may configure another BM process for P2 to activate 3 reference resources (i.e. indicator 1,2,3) via semi-persistent resource setting then UE may report new resource indicator to update BPL table. Under hierarchical beam management scenario, NR-MIMO would have multiple resource sets.
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(a) 
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(b) 
Figure 3: Example of hierarchical BM process 

Proposal 1: Multiple resource sets can be independently configured to UE in terms of BM processes.
Proposal 2: BM process with multiple RS resources in the set can be configurable by gNB to operate different stages of beam management.
Conclusions
In this contribution, we discuss hierarchical beam management of NR MIMO and have the following observation and proposals.
Observation 1: Hierarchical beam management can be more efficient than full beam search and so does utilization of RS resources.
Proposal 1: Multiple resource sets can be independently configured to UE in terms of BM processes.
Proposal 2: BM process with multiple RS resources in the set can be configurable by gNB to operate different stages of beam management.
References
[1] [bookmark: _Ref378687543][bookmark: _Ref378702280][bookmark: _Ref401993084][bookmark: _Ref447097153]	3GPP, RAN1#88, Chairman’s Notes
[2]	3GPP, RAN1#86, Chairman’s Notes
image3.png
BM Resources BM Build/Update

Configuration Procedure BPL table
Multiple resource sets For P1, UE choose N1 from K1
BM process | for P1, For P2, UE choose N2 from K2

BM process Il for P2





image4.png
BM
Procedure

N 498811

P1

@)

Modas In

Build
BPL table

3N 4988111

Modas In

Update
BPL table

For K1=4,
e.g. Resource
Indicator=1,2,3,4

For K2=3,
e.g. Resource
Indicator=1,2,3




image1.png
A X
A X

A X
A X





image2.png
» 1t stage beams

(a)




