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[bookmark: _GoBack]In RAN1#86bis [1] and RAN1 AH01 [2], we had the following agreements for beam management in NR.
	Agreements:
· At least the following RSs are supported for NR downlink
· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement 
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.


This contribution provides our views on the procedure of beam management and channel state acquisition for NR hybrid beamforming.
Discussion
In multi-beam scenarios, communication between gNB and UE may rely on the beamforming operation. Generally we have following three steps to make NR DL MIMO robustness operated at higher frequency (above 6GHz) with exemplary illustration shown in Figure 1.
· Step 1 Beam Management
· Cell-/group-specific BM
· UE-specific BM
· Step 2 CSI Estimation
· Step 3 Data transmission
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Figure 1: Exemplary of NR MIMO operation
Architecture of BM and CSI estimation
In order to provide valid and reliable link adaptation during data transmission two highly correlated procedures, beam management and CSI estimation, have to make. For different transmission scheme, gNB can apply suitable BM and CSI information to work out distinct beamforming or precoding operation. The purpose of BM is to achieve effective NR MIMO operation, controllable overhead, and reduced interference. The gNB with multiple panels will transmit DL RS for beam management (BM). On one hand, one might believe that there shall be a multi-step procedure at step of beam management including cell-/group-specific and UE-specific BM. The former may be indicated by a cell-specific RS and the latter would belong to UE-specific RS. On the other hand, a promising approach to reduce the number of costly RF chains is hybrid (analog/digital) beamforming for NR MIMO. With such techniques, signal steering at the TRP/UE is in general consisted of two main processing parts, analog beamforming (ABF) and digital beamforming (DBF). Characteristic of ABF is wideband, frequency non-selective compared to that of DBF. Furthermore, such analog beam could be regarded as virtual sectorization in a cell. That is, analog beam acquisition can offer prior knowledge of connected UEs to the gNB. As a result, beams created by ABF weight might belong to cell-specific or group-specific wise while beams formed by DBF weight might be tend to group-specific and/or UE-specific wise. 
Above all, to fit into the above exemplary of NR MIMO operation it is preferable to configure cell-specific RS during initial access procedure which is transmitted in a way of analog beam such as with the periodicity of SS time-slot. gNB could acquire the coarse beam information according to the UE-selected RACH resource. Specifically, UE can measure RSRP of each coarse beam and then report the information for practiced implement. We may name such cell-specific RS as coarse BM-RS (beam management reference signal). The coarse BM-RS operated at initial access stage could make the sectorization of a cell in a virtual way which would get less-interference benefit as well. Moreover, when blockage of beam pair links occurs UE could always monitor cell-specific RS at SS time-slot to be re-classified at very early stage after then access the rest procedure. As a consequence it is natural to adopt CSI-RS conveyed in UE-specific and/or group-specific beam which is DBF part named as fine BM-RS. As agreed in RAN1#86bis meeting at least CSI-RS can both support step 1 BM and step 2 DL CSI measurement. Same reference signal will make NR MIMO operate more feasible. Such fine BM RS could handle finer beam management and CSI measurement in a hierarchical way.
Observation 1: Beam RSRP within reporting content is straightforward and simple in cell-/group-specific BM step.
Observation 2: Coarse BM RS which is transmitted in a way of analog beam might be proper operated at initial access stage.
Observation 3: Fine BM RS (such as CSI-RS) which is transmitted in a way of digital beam might be proper operated across BM and CSI estimation in a hierarchical way.
Configurable BM and CSI periodicity for DL RS
Due to different time-varying characteristics between ABF and DBF, network should configure different reporting periodicity and offset for analog and digital beamforming information. For considerations of flexible design and reduced CSI-RS resources, they should be configured in different time instants with various rates as well. Network may configure larger period of coarse BM-RS as link connection made between gNB and UE. Otherwise, as lost connection occurred (causing by UE blockage, mobility, and/or rotation etc.), it may trigger aperiodic or shorter periodic BM-RS from one/multiple TRPs in order to re-connect rapidly. In addition, for proper resource scheduling arrangements, beam reporting and channel state reporting mechanisms (including ABF and DBF information) could be turn ON/OFF to switch other mechanisms since periodic, semi-persistent, and aperiodic CSI-RS transmissions/CSI reporting are introduced. Since DL RS (e.g., CSI-RS) can both support BM and CSI acquisition NR may be analogous to hybrid CSI scenarios (e.g. various eMIMO type combination) as in LTE Rel-14 discussion. It is a good start point for NR to design BM while taking CSI estimation into account.
Proposal 1: For flexible design and reduced RS resources of beam management and channel state information it is suggested ABF and DBF information could be reported in different time offset with various rates.
Proposal 2: Beam reporting and channel state reporting mechanisms (including ABF and DBF information) could be activated/de-activated to switch other mechanisms.
Proposal 3: Consider hybrid CSI scenario in LTE Rel-14 as the start point for the framework of BM and CSI estimation in NR.
Conclusions
In this contribution, we discuss beam management and CSI acquisition of NR MIMO on hybrid beamforming architecture and have the following observations and proposals.
Observation 1: Beam RSRP within reporting content is straightforward and simple in cell-/group-specific BM step.
Observation 2: Coarse BM RS which is transmitted in a way of analog beam might be proper operated at initial access stage.
Observation 3: Fine BM RS (such as CSI-RS) which is transmitted in a way of digital beam might be proper operated across BM and CSI estimation in a hierarchical way.
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