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Introduction
In RAN1#86, the following agreement on DL MIMO was made [1]: 
	Agreements:
· Strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and redundant (equally performing) configurations, while still covering a wide variety of use cases and frequency bands
· Coupling/Decoupling (e.g. fixed timing relationships, joint configuration) between the following functions should be studied
· RS transmission used for CSI acquisition (CSI-RS transmitted in DL and SRS transmitted in UL)
· Use of other RS(s) is not precluded (e.g., DMRS)
· Note that CSI-RS and SRS may or may not have the same physical signal design
· Note that the reference signal naming can be revisited later
· CSI measurement/reporting
· Multi-antenna transmission method/scheme
· Downlink control signaling
· Study flexible scheduling/configuration of  CSI-RS, CSI report and transmission method/scheme for data and control
· DL DMRS and UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported
· FFS: Necessity of sidelink spatial multiplexing
· At least 8 orthogonal DL DMRS ports is supported for SU-MIMO scheduling
· At least 8 orthogonal DL DMRS ports is supported for MU-MIMO scheduling
· Support dynamic switching between transmission methods/schemes, e.g. between
· Transmit diversity
· Spatial multiplexing



In LTE, a number of CSI reporting modes exist (for both periodic and aperiodic). In addition, each CSI reporting mode is dependent on (coupled with) many other parameters (e.g. codebook selection, transmission mode, eMIMO-Type, RS type, number of ports). As evident from TS36.213, this results in complex couplings and nested loops (IF ... ELSE …) in describing CSI reporting modes. Since NR is envisioned for uses cases of higher degrees of variety and complexity (compared to LTE), simply inheriting such a CSI reporting framework can hamper forward compatibility. 
This contribution addresses the above highlighted issues. In particular, a DL CSI acquisition framework for NR MIMO which can circumvent the above drawbacks is proposed.  
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The proposed DL CSI acquisition framework can be described as follows
First, a DL CSI configuration includes three components:
1. CSI reporting consisting of CSI parameter setting. Here, each CSI parameter is independently configured in terms of, e.g. frequency granularity, ON/OFF, type. Such CSI parameters include at least BI (beam index – analogous to CRI in LTE), RI, PMI, and CQI. For instance, PMI type can be set as either implicit or explicit type.
· In addition, periodic, aperiodic, or semi-persistent (“multi-shot”) CSI reporting is a part of this component. 
2. RS used for CSI calculations, e.g. CSI-RS (with CSI-IM as a special case) or possibly other measurement RS (including UL CSI-RS/SRS when DL-UL reciprocity is applicable, see our companion contribution [2]).
· In addition, periodic, aperiodic, or semi-persistent (“multi-shot”) CSI-RS transmission is a part of this component. 
3. CSI measurements which configures associations between CSI reporting and RS. This includes timing relationship as well as measurement restrictions. 
Second, in this framework, a UE can be configured with N CSI reporting settings, M RS (for CSI measurement) settings, and CSI measurement setting. The CSI measurement setting configures mapping/linkage between N CSI reporting and M CSI-RS settings.
Third, the so-called transmission scheme (e.g. DMRS-based spatial multiplexing or, if supported, transmit diversity) is configured separately from DL CSI configuration. This implies that CSI-related setting (such as the type of codebook, CQI calculation procedure) is not dependent on transmission scheme. How transmission scheme is used in conjunction with CSI-related setting is left to gNB implementation. 
Likewise, since DL control signaling is linked with the choice of transmission scheme, it is uncoupled from CSI acquisition.
The proposed DL CSI acquisition framework is illustrated in Figure 1 with N=4 and M=4. Here two CSI reporting settings can be associated with one CSI-RS setting. This is applicable, for instance, when both periodic and aperiodic CSI reporting are applied for one CSI-RS setting. Conversely, one CSI reporting setting can be associated with two CSI-RS settings. This is relevant, for instance, when CSI is calculated using NZP CSI-RS and CSI-IM for coordination and MU-MIMO scenarios.    



[bookmark: _Ref462624962]Figure 1 DL CSI acquisition framework

It is quite apparent that the above CSI acquisition framework allows high-level of flexibility, modularity, as well as extendibility. In addition to accommodating various use cases, the decoupling with transmission scheme allows forward compatibility should new CSI reporting schemes or transmission schemes be introduced. Any possible dependence of CQI calculation on transmission scheme (e.g. if frequency-domain precoder cycling is used) can be incorporated in the CQI calculation setting.  
Therefore, the specification on UE procedure will specify CSI reporting and RS in a modular manner. Any association between CSI reporting and RS is configured with CSI measurement setting (via higher layer signalling). 

Proposal: DL CSI acquisition support for NR can be characterized as follows:
· DL CSI configuration consists of 3 modular components: CSI reporting, RS, and CSI measurement  
· A UE can be configured with N≥1 CSI reporting settings, M≥1 RS settings, and a CSI measurement setting which associates the N CSI reporting settings with the M RS settings
· Transmission scheme is configured separately   

[bookmark: _Ref446598642]Conclusions
In this contribution, Samsung’s view on DL CSI acquisition framework for NR is presented. Our proposal can be summarized as follows: 
· DL CSI acquisition support for NR can be characterized as follows:
· CSI configuration consists of 3 modular components: CSI reporting, RS, and CSI measurement  
· A UE can be configured with N≥1 CSI reporting settings, M≥1 RS settings, and a CSI measurement setting which associates the N CSI reporting settings with the M RS settings
· Transmission scheme is configured separately   
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