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1. Introduction
In RAN1#86b, several CSI feedback framework design principle has been agreed. In this paper, we propose a general principle on CSI acquisition for NR MIMO. 
 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

2. Determine the CSI granuality  

CSI granuality is an important aspect when determine the efficiency of feedback framework. CSI granuality can be in different domains, e.g. in frequency domain where CSI could be in wideband or subband report with different size of subband; in spatial domain where CSI could be in high rank or low rank and high resolution explicit feedback or low resolution implicit feedback; or in time domain where CSI could be long term feedback or short term feedback. 
How to decide the granuality is a very complicated issue as it depends on the radio environment, system load on control channel, QoS of the traffic etc. For example, the channel with NLOS propagation has larger frequency fluctuations than the one in LOS condition. Thus it’s more efficient to have subband low spatial resolution CSI for NLOS case while wideband high resolution spatial CSI for LOS channel. In summary, both network and UE should be involved in deciding the feedback payload bits and CSI granuality in frequency, time and spatial domain. 

Proposal: CSI feedback format and payload bits should be determined by network and UE jointly 

LTE adopted such principle in the CSI feedback framework design. LTE eNB can configured different feedback modes to the user which essentially decide the feedback granuality, e.g. aperiodic feedback mode 3-2 or mode 1-1. Meanwhile, UE can decide the rank of CSI report which also changes the granularity of the CSI in spatial domain. When UE select high rank, it means lower spatial granular PMI according LTE codebook. Also, the RI will determine the CQI format: for rank-1 has one CQI and rank-2 has two. 

Observation: in LTE, CSI feedback granularity is jointly determined by UE and eNB. Feedback mode is configured by eNB while UE can decide the rank of CSI feedback. 

In RAN1#86b, it was agreed that NR should support two types of CSI format. Type I feedback is codebook-based PMI feedback with normal spatial resolution while type II is enhanced “explicit” feedback and/or codebook-based feedback with higher spatial resolution. Clearly, the biggest motivation of two CSI formats is to adopt the CSI feedback to fit the channel property and need of the traffic (such as QoS). There are several ways of deciding which CSI type to use: 

1. gNB based: gNB decides which format the UE should use for the CSI feedback. 
2. UE based. UE decides which format to feedback
3. Hybrid: gNB configures several CSI formats for UE to select for each report. 

Clearly method 1 is sub-optimal since gNB doesn’t measure the channel directly. For method 2 and 3, UE report the selected format by a format indicator (FI) which is similar to RI report in LTE. Essentially, the format indicator can be seen as an enhanced LTE RI since it can indicate CSI type and rank. To make it more general, this proposed format indicator can be used to select any CSI format, including spatial granuality (rank, CSI type I or II), frequency granuality (wideband/subband) etc.  
Although FI can indicate more information than RI it doesn’t necessarily means more overhead.  For example in LTE RI uses 3 bits (to support up to 8 layers), however it is very rare to report ranks 5-8. Therefore, those states can be reused for other information. In method-3 above, gNB configures the formats using RRC signaling thus FI is used to indicate the index of configured format. If gNB knows that it’s unlikely for UE to select rank 5-8, gNB could configure those states to indicate type II format. Further study is need on how many bits FI needs, and we should target to have similar size of RI. 

Proposal: UE should be able to determine and indicate the CSI type (high or low spatial resolution) in reporting. 
Proposal: Enhance LTE RI to a general format indicator (FI) which indicates the format of CSI report. The CSI format may include spatial granularity (such as rank, CSI type (I or II)), frequency granularity (such as wideband/subband as well as subband size), etc. 

Proposal: General Format Indicator (FI) can be designed with similar overhead of RI, e.g. 3 bits FI allows UE to select one from N high layer configured CSI formats. 

3. Conclusion
In this contribution, we give our view on the CSI acuisition framework. We propose to generalize the LTE RI to a Format Indicator (FI) which can indicate the CSI format including spatial granularity (such as rank, CSI type (I or II)), frequency granularity (such as wideband/subband as well as subband size), etc. In particular, we propose: 

Observation: in LTE, CSI feedback granularity is jointly determined by UE and eNB. Feedback mode is configured by eNB while UE can decide the rank of CSI feedback. 

Proposal: CSI feedback format and payload bits should be determined by network and UE jointly 
Proposal: UE should be able to determine and indicate the CSI type (high or low spatial resolution) in reporting. 
Proposal: Enhance LTE RI to a general format indicator (FI) which indicates the format of CSI report. The CSI format may include spatial granularity (such as rank, CSI type (I or II)), frequency granularity (such as wideband/subband as well as subband size), etc. 
Proposal: General Format Indicator (FI) can be designed with similar overhead of RI, e.g. 3 bits FI allows UE to select one from N high layer configured CSI formats. 
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