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Discussion and Decision
1
Introduction
During the RAN1#88 meeting, the following agreements were made regarding the CSI Framework [1]:
	Agreements:

· Define “CSI reporting band” as a collection of (contiguous or non-contiguous) subbands pertinent to a CSI reporting setting 
· FFS how the CSI reporting band is determined
· Three frequency granularities are supported:
· Wideband reporting

· Partial band reporting

· Subband reporting
· •
At least some combination(s) of the CSI parameters (e.g., CRI, RI, PMI, CQI, etc.) can be configured to be omitted from reporting within a CSI reporting setting
· FFS details




In this contribution, we present our views on the elements of the above agreements that are marked as FFS.
2
Basic CSI Components and Extensions

The basic building blocks characterizing the CSI are described by the Channel Quality Indicator (CQI), Precoding Matrix Indicator (PMI), Rank indicator (RI). Additional CSI components can facilitate the system operation when large arrays are utilized. In LTE, CSI-RS resource indicator (CRI) is utilized in order to find the best CSI-RS resource if more than one are configured for a CSI process. Such operation is very similar to the best beam identification which needs to be performed in multi-beam operation of NR. As described in a companion contribution, the CRI concept can be extended into NR with some additional modifications.  The measurements on which CRI is computed are an open topic in NR, being CSI-RS or beam reference symbols (BRS). Nevertheless, single beam/CSI-RS components need to be defined in NR and this would cover below and above 6GHz operation.  Duplication of functionality should be avoided in NR when it comes to the beam/CSI-RS resource operation. 

Additional forms of CSI are explicit feedback and advanced ways of interference measurement. In explicit feedback, the goal would be to report a description of the channel as seen by the UE, this being possible in a form of: covariance matrix of the channel, eigen-decomposition of the channel, quantized versions of the channel or OF the principal eigenvectors. Explicit feedback is expected to improve MU MIMO performance, as the transmitter would have full channel matrix available for performing the UE pairing. On the other hand there are a few disadvantages for explicit feedback. RAN4 testability was always an issue, where it is still unclear how to ensure correct UE behaviour. In addition, since receive processing is not taken into account in explicit feedback, so ensuring efficient link adaptation is an open question.

The reporting mechanisms needed for explicit feedback could reuse the operation envisioned for implicit feedback. However, changes are likely to be required as for example the double codebook feedback operation (W1/W2) already implies a way of separating the channel characteristics into long and short term components, something which maybe be the same or different for explicit feedback. Overall, we believe that explicit feedback requires both in-depth investigations on the detailed operation as such and has implications on CSI feedback reporting.

Proposal 1: Focus on supporting feedback mechanisms for basic CSI components of CSI, PMI, RI, CRI.

Another advanced CSI components related to interference measurements [4]. In a companion contribution, we elaborate on the usefulness for obtaining the Dominant Interference Estimation (DIR) at the BS. Indeed, information about the dominant interferer is an important enabler of advanced receivers, such as E-LMMSE IRC. DIR information at the BS would allow the network the possibility to perform more advanced coordination. The DIR feedback may be performed in quantized form similar to the CQI, called here for simplicity as interference quality indicator (IQI).

Proposal 2: Consider the support of interference quality indicator (IQI) as a basic CSI component.
Codebook subset restriction is a useful mechanism used to have a more focused operation when implicit feedback is used, being an important tool used to control the UL overhead. If implicit feedback is going to be supported in NR, codebook subset restriction should be supported as well.

Proposal 3: Support codebook subset restriction.
3
Configuring CSI Reporting
Here we discuss some of the issues surrounding the configuration of the CSI reporting, namely the need to define specific reporting modes that include or omit certain CSI components.  We consider the basic components described above (CRI, RI, PMI, CQI, IQI) and discuss the issue of configuring these components when the CSI report is wideband-based and when the CSI report is sub-band-based.
Wideband reporting

CRI and RI are typically considered wideband CSI components, but CQI and PMI can be considered either as wideband-based components or sub-band-based components.  A wideband CSI report in many cases may not include all of those components.  In some cases, a wideband CSI report could be configured so that the CSI resource is treated as a desired signal or as an interfering signal.  If the CSI resource is a desired signal, then one or more of RI, CQI, PMI would be appropriate to feed back.  If the CSI resource is to be treated as an interfering signal, then RI, CQI, and PMI may not be necessary, and an IQI would be appropriate.  Wideband reporting may or may not include a CRI indicator depending on whether the wideband CSI resource is aimed at including best beam selection or legacy-style RI/PMI/CQI feedback by itself.  Omitting PMI feedback from a wideband report would obviously be appropriate for non-codebook based transmission schemes.  
Proposal 4: Enable the ability to configure the wideband CSI report to include one or more of IQI and CQI. 

Proposal 5: Enable the ability to omit all components of the set (RI, PMI, CQI) when a wideband CSI report includes IQI.  

Proposal 6: Enable the ability to omit PMI from a wideband CSI report for example for the case of non-codebook-based transmission.  
Sub-band reporting:
A scheduling particularity of NR is that below 6GHz the frequency selective operation may be an important mode of operation while in above 6GHz multi-beam operation with analogue beamforming, wideband transmission may be preferred.  However, for below 6GHz, limiting the CSI reporting to selected sub bands is also an efficient way of limiting the feedback overhead only to what is deemed necessary. Such operation may be controlled by BS in the sense that BS divides the bandwidth of interest into a set of sub-bands over which CSI feedback is requested. Alternatively, the UE is allowed to report the best M sub-band CSI from a configured set of sub-bands. Such measurement and reporting mechanisms seem to fit very well in a system where wider bandwidth are to be utilized. 

Proposal 7: Enable the ability for the UE to feed back the best M sub-bands

In sub-band reporting, typically the CRI and RI are not specific to the sub-band, but are computed and fed back as wideband quantities.  Therefore, excluding CRI and RI from a sub-band report is reasonable. Furthermore, as with wideband reporting, sub-band reporting may need to exclude PMI for the case where non-codebook-based transmission is used.  

Proposal 8: Enable the exclusion of CRI and RI from sub-band reporting

Proposal 9: Enable the exclusion of PMI from sub-band reporting. 

Partial Band Reporting

In theory, partial band reporting could perhaps be viewed as being a style of reporting that is mid-way between sub-band and wideband reporting.  However, in practice it could be argued that a partial band report can simply be a wideband report that is restricted to the sub-bands that comprise the partial band.  If sub-band style of reporting is required with a partial band, then the sub-band reporting can be used, wherein the sub-band reports would be restricted to the sub-bands belonging to the partial band.  Partial band reporting can be handled by simply putting an indicator in the wideband report or the sub-band report to restrict the report to the sub-bands in the partial band. 
Proposal 10: Partial band reporting can be handled by including an indicator in the wideband and sub-band reports of the sub-bands that belong to the partial band.  

4
Conclusions
In this contribution, we provided the following observations and proposals: 
Proposal 1: Focus on supporting feedback mechanisms for basic CSI components of CSI, PMI, RI, CRI.

Proposal 2: Consider the support of interference quality indicator (IQI) as a basic CSI component.
Proposal 3: Support codebook subset restriction.

Proposal 4: Enable the ability to configure the wideband CSI report to include one or more of IQI and CQI. 
Proposal 5: Enable the ability to omit all components of the set (RI, PMI, CQI) when a wideband CSI report includes IQI.  
Proposal 6: Enable the ability to omit PMI from a wideband CSI report for example for the case of non-codebook-based transmission.  

Proposal 7:Enable the ability for the UE to feed back the best M sub-bands

Proposal 8: Enable the exclusion of CRI and RI from sub-band reporting

Proposal 9: Enable the exclusion of PMI from sub-band reporting. 

Proposal 10: Partial band reporting can be handled by including an indicator in the wideband and sub-band reports of the sub-bands that belong to the partial band.  
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