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Introduction
In RAN1#86bis, the following agreement on DL MIMO was made [1]: 
	Agreements:
· CSI-related settings consisting of:
· CSI reporting settings
· CSI parameter can be independently configured, e.g. time and/or frequency granularity, FFS: ON/OFF
· FFS: Details of configurability
· Definition of CSI parameters (e.g., CQI, PMI, RI) is FFS
· RS (at least for CSI measurement) settings, e.g. CSI-RS (CSI-IM as a special case)
· FFS: Other RS for CSI measurement
· CSI measurement settings 
· To configure which RS setting is used for a particular CSI reporting setting
· Study the case where a UE can be configured with:
· N CSI reporting settings
· M RS (for CSI measurement) settings
· CSI measurement setting configures mapping/linkage between N CSI reporting and M RS settings
Agreements:
· NR supports CSI reporting with two types of spatial information feedback
· Type I feedback: Normal 
· Codebook-based PMI feedback with normal spatial resolution
· Type II feedback: Enhanced 
· “Explicit” feedback and/or codebook-based feedback with higher spatial resolution 
· For Type I and II, CSI feedback per subband as well as wideband feedback are supported
· For Type I and II, beam-related feedback can be included
Agreements:
· For Type I feedback, NR supports at least the following (DL) CSI reporting parameters
· Resource selection indicator (Examples for further study are reference signal resource, port, reference signal sequence, beam)
· RI (rank indicator)
· PMI (precoding matrix indicator)
· Channel quality feedback




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. The above agreements allow NR to circumvent these shortcomings. 
In this contribution, further details based on the above agreements are proposed. 

CSI-related setting
1 
2 
Based on the above agreements and use cases considered in NR (e.g. advanced interference measurements, hybrid-type CSI, multi-TRP support, CSI reporting for both data and control) as well as LTE (e.g. concurrent usage of periodic, semi-persistent, and aperiodic CSI-RS/CSI), it is apparent that a UE can be configured with multiple CSI reporting settings and multiple RS settings. CSI measurement setting is then used to “connect” a CSI reporting setting with one or more RS settings (or vice versa). More generally, 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. Such configurations can be done via higher-layer (RRC) signalling.
This 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 Example of using multiple CSI reporting settings, RS settings, and CSI measurement setting

To illustrate how the above setup is used for various purposes, the following Rel.14 LTE-based scenarios can be implemented as follows:
· Rel.14 LTE hybrid CSI mechanism 1 with Class A + Class B K=1 can be implemented with N=2 and M=2 where the first CSI reporting setting (with CRI and CQI turned OFF – see section 2.1) is linked with, e.g. 1-resource 32-port CSI-RS setting while the second CSI reporting setting is linked with, e.g. 1-resource 4-port CSI-RS setting. 
· A UE can be configured with an analogue to both Rel.14 P-CSI and A-CSI associated with one NZP CSI-RS resource configuration by setting N=2 and M=1 where the first CSI reporting setting is configured with periodic reporting and the second with aperiodic reporting. Both CSI reporting settings are linked to the same CSI-RS setting.

To avoid any intricate dependencies, transmission scheme (e.g. DMRS-based spatial multiplexing or, if supported, transmit diversity) is configured separately from DL CSI acquisition. While some dependency between CSI acquisition and transmission scheme may exist (especially on CQI calculation procedure), it can be minimized. This facilitates 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.  

[bookmark: _Ref465464556]CSI reporting setting 
CSI reporting setting consists of settings associated with CSI parameters. 
As agreed for Type I feedback, at least four CSI parameters are supported: resource selection indicator (analogous to CRI), RI, PMI, and CQI. In LTE, RI is calculated conditioned on CRI, PMI on CRI/RI, and CQI on CRI/RI/PMI, respectively. When a CSI parameter is not reported, any dependencies on the parameter are skipped (e.g. when K=1 beam/resource is used, CRI is unnecessary; for TDD use cases, PMI may not be necessary). The same CSI calculation dependency order can be adopted for NR. 
For Type II, the primary focus is to report a high-resolution spatial feedback. Regardless of the adopted scheme, this spatial feedback, if quantized, can be perceived as PMI – albeit of a possibly different type. In particular, when used for explicit feedback, CSI parameters such CRI and CQI are not needed. 
For each of the two types, codebook configuration (possibly incorporating subset selection) can be included.
When reported, CSI parameters such as PMI and CQI can be reported with different frequency granularities – depending on use cases. In LTE, different CSI reporting modes reflect this particular capability. While such a setup serves the purpose, it is by no means scalable. Rather than defining CSI reporting modes which are associated with combinations of CQI and PMI frequency granularities, superior scalability can be achieved if the frequency granularity of each CSI parameter is configurable – especially CQI and PMI.  
Finally, a single CSI reporting setting should be characterized by a time-domain reporting behavior, i.e. periodic, aperiodic, or semi-persistent (“multi-shot”). 
Based on the above discussion, at least the following features should be supported within a single CSI reporting setting: 
· Time-domain behavior: periodic, aperiodic, or semi-persistent (“multi-shot”)
· CSI calculation dependency order follows LTE 
· Each of the CSI parameters (at least CRI, RI, PMI, and CQI) can be switched ON/OFF
· Frequency-granularity, at least for PMI and CQI
· If PMI is reported, PMI Type (Type I or II which signifies “normal” or “enhanced”) and codebook configuration

RS setting 
To acquire DL CSI, several types of RS can be used. Here, CSI-RS and SRS (for reciprocity-based use cases) can be used for this purpose. Here, CSI-IM can be considered as another type of RS or a special setting (e.g. power level) of CSI-RS. Especially for CSI-RS, whether the CSI-RS is “UE-specific” or “non-UE-specific”/”coverage” should also be accounted (see our companion contribution [2]). 
Having determined the type of RS, the number of beams or resources (analogous to K in Rel.14 LTE) per CSI-RS or SRS configuration can also be configured (see our companion contributions [2][3]). For each of the beams/resources, the number of ports should be specified. 
Just as CSI reporting, so the time-domain behavior of CSI-RS or SRS transmission should be a part of the RS configuration. Likewise, since configurable RS pattern has been agreed in RAN1#86bis, the choice of RS pattern can be configured as well. 
Based on the above discussion, at least the following features should be supported within a single RS setting: 
· Time-domain behavior: periodic, aperiodic, or semi-persistent (“multi-shot”)
· RS type which encompasses at least CSI-RS (e.g. UE-specific and non-UE-specific/coverage) and SRS
· Number of beams/resources per RS configuration along with the number of ports per beam/resource
· RS pattern

CSI measurement setting 
As CSI measurement setting configures associations (linkages) between CSI reporting and RS, this should include timing relationship (between CSI reporting and RS, whenever applicable) as well as measurement restrictions (in time and frequency domain). 

[bookmark: _Ref446598642]Conclusions
In this contribution, further details on DL CSI acquisition framework for NR are proposed. Our proposal can be summarized as follows: 
A UE can be configured for CSI acquisition via higher-layer signalling with the following features:
· N≥1 CSI reporting settings, M≥1 RS settings, and a CSI measurement setting which links the N CSI reporting settings with the M RS settings 
· Dependency between CSI acquisition and transmission scheme is minimized 
· In one CSI reporting setting:
· Time-domain behavior: periodic, aperiodic, or semi-persistent (“multi-shot”)
· CSI calculation dependency order follows LTE 
· Each of the CSI parameters (at least CRI, RI, PMI, and CQI) can be switched ON/OFF
· Frequency-granularity, at least for PMI and CQI
· If PMI is reported, PMI Type (Type I or II which signifies “normal” or “enhanced”) and codebook configuration 
· In one RS setting:
· Time-domain behavior: periodic, aperiodic, or semi-persistent (“multi-shot”)
· [bookmark: _GoBack]RS type which encompasses at least CSI-RS (e.g. UE-specific and non-UE-specific/coverage) and SRS
· Number of beams/resources per RS configuration along with the number of ports per beam/resource
· RS pattern
· In one CSI measurement setting:  
· Linkages between N≥1 CSI reporting settings and M≥1 RS settings
· Timing relationship and measurement restriction (in time and frequency domains) per linkage
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