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Introduction
In RAN1#88bis, the following agreements on CSI framework were made [1]: 
	Agreements:
· Study applicability of CRI, CQI, Spatial Channel Information (e.g. PMI, channel covariance matrix information), and RI are applicable for Type II CSI.
· Including whether CRI is needed for type II CSI
· Detailed design to turn off some of the CSI parameters.



In this contribution, further refinement related to the highlighted parts is discussed in the following section
1. CSI parameters for Type II CSI
2. Combinations of reported parameters in one CSI reporting setting
3. Multiplexing of CSI parameters in CSI reporting
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At least four CSI parameters are supported for Type I CSI: CRI, RI, PMI, and CQI. 
For Type II CSI, PMI can be reused to represent spatial channel information. In particular, since W1W2 codebook and feedback structure is used for Type II CSI (i.e. linear combination), the same PMI format as Type I can also be used. It should be noted, however, that Type II PMI codebooks can be characterized by more sub-parameters compared to Type I PMI codebooks. For example, amplitude weighting across beams is supported in Type II (which can be included in PMI) yet not Type I. 
In addition, CQI is relevant for Type II since the high-resolution spatial feedback is normalized. RI is needed since the size of PMI is roughly a multiple of the RI value. The use case of CRI, on the other hand, is currently unclear for Type II CSI since Type II is more suitable for one CSI-RS resource. Therefore, CQI, PMI, and RI should be supported for Type II CSI. 
In LTE, the following hierarchy is established: 
· RI is calculated conditioned on CRI, if CRI is reported 
· PMI on CRI and/or RI, depending on whether CRI and/or RI are reported. If dual-stage codebook is used, the calculation of the second PMI is dependent on the first PMI. 
· CQI on CRI, RI, and/or PMI, depending on whether CRI and/or RI are reported. 
That is, 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; for “semi-open-loop” operation, only the long-term PMI needs to be reported in conjunction with QQI and RI). The same CSI calculation dependency order can be adopted for NR. 

Proposal: The following CSI parameters are supported in NR:
· Type I CSI: CRI, RI, PMI, CQI
· Type II CSI: RI, PMI, CQI, PMI 
· The same PMI format as Type I CSI is used for Type II codebook although Type II PMI may include more sub-parameters than Type I
· FFS: Support for CRI for Type II CSI
· CSI calculation dependency order follows LTE: CRI  RI  PMI  CQI 

Combinations of CSI parameters 
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Although it has been agreed that NR supports CRI, RI, PMI, and CQI and a CSI reporting can be composed of a subset of the supported CSI parameters, pertinent combinations should be identified at least for the purpose of UCI definition and RAN4. The following combinations of CSI parameters,, along with their potential use cases, are given below:
· [Analogous to Class B K>1 LTE] CRI along with RI/PMI/CQI conditioned on the value of the reported CRI. PMI can be skipped for reciprocity-based operation
· [K=1 CSI-RS resource] RI/PMI/CQI
· [Hybrid mechanism 1] RI accompanied by partial PMI where partial PMI indicates a set of beams which can be for to beamforming CSI-RS in a UE-specific manner
· [Hybrid mechanism 2] CRI
· [Semi-open-loop] RI/partial PMI/CQI where partial PMI indicates a set of beams which can be used for performing transmit diversity
· [Reciprocity] RI/CQI 

Proposal: Support at least the following combination of CSI parameters within one CSI report: CRI/RI/PMI/CQI (PMI can be skipped for reciprocity-based scenario), RI/PMI/CQI (PMI can be skipped for reciprocity-based scenario), RI/partial PMI, CRI, and RI/partial PMI/CQI 

Multiplexing of CSI parameters 
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As discussed in the previous sections, the supported CSI parameters for Type I and II CSI reporting are simply extensions to those for LTE. However, this does not imply that CSI multiplexing schemes (including UCI definition) for LTE should be fully reused for NR. At least the following factors should be considered.
First, based on the agreements on the number of CWs and layer mapping design (1 CW for up to rank-4, 2 CWs for rank 5 to 8; 1 CQI and 1 MCS per CW), whenever the UE is configured to receive DL transmission with up to 4-layer, only one CQI is needed for RI=1, 2, 3, or 4. In this case, CQI payload (whether wideband or subband) is independent of RI. Some of the potential advantages are as follows:
· Wideband CQI/PMI: Assuming that P-CSI only support wideband CSI, P-CSI (or SP-CSI, if SP-CSI only supports wideband CQI/PMI) reporting can be contained within one UL slot as RI can be jointly encoded with PMI and RI+PMI reported together with the single CQI. Here, RI does not need to be reported in a separate slot since it requires no additional protection compared to other CSI parameters. This avoids the complex priority or dropping rules and different “CSI Types” in LTE. To avoid the need for blind decoding (which tends to deteriorate P-CSI detection performance since no CRC is added), ensuring that P-CSI reporting payload remains the same as RI varies is essential.  
· Subband CQI/PMI: For A-CSI (or SP-CSI, if SP-CSI also supports subband CQI/PMI) reporting, RI can be jointly encoded with CQI and possibly a part of PMI (such as W1). Therefore, the need for different encoding of RI (which is the case for LTE) from the other UCI parameters (CQI, PMI) is avoided. Another part of PMI (such as W2) whose payload varies with RI can be separately encoded. In this case, UCI can be reported in two segments where each segment can be protected with CRC. Note that although RI is heavily encoded in LTE, it is not protected with CRC (hence it is impossible to detect whether RI is correctly decoded or not).   
· The payload of the first UCI segment remains the same for different RI values, whereas the payload of the second UCI segment can vary with RI.
When a UE is configured to receive DL transmission up to 8 layers, possibility in preserving the above features should be investigated to avoid unnecessarily complicated LTE UCI multiplexing schemes (especially due to special treatment of RI).

Proposal: When the UE is configured to receive DL transmission with up to 4-layer, only one CQI is needed for RI=1, 2, 3, or 4:
· Joint encoding RI with at least one other CSI parameter (CQI and/or PMI)
· One-slot P-CSI reporting (which includes RI, PMI, and CQI) where P-CSI payload is independent of RI value
· Up to two-segment UCI for A-CSI reporting where RI is jointly encoded with at least one other CSI parameter in the first segment and hence CRC-protected
· The payload of the first segment remains the same as RI varies
· Strive to preserve these features for max. 8-layer reception 
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In this contribution, further details on DL CSI acquisition framework for NR are proposed:
· The following CSI parameters are supported in NR:
· Type I CSI: CRI, RI, PMI, CQI
· Type II CSI: RI, PMI, CQI, PMI 
· The same PMI format as Type I CSI is used for Type II codebook although Type II PMI may include more sub-parameters than Type I
· FFS: Support for CRI for Type II CSI
· CSI calculation dependency order follows LTE: CRI  RI  PMI  CQI 
· Support at least the following combination of CSI parameters within one CSI report: CRI/RI/PMI/CQI (PMI can be skipped for reciprocity-based scenario), RI/PMI/CQI (PMI can be skipped for reciprocity-based scenario), RI/partial PMI, CRI, and RI/partial PMI/CQI
· When the UE is configured to receive DL transmission with up to 4-layer, only one CQI is needed for RI=1, 2, 3, or 4:
· Joint encoding RI with at least one other CSI parameter (CQI and/or PMI)
· One-slot P-CSI reporting (which includes RI, PMI, and CQI) where P-CSI payload is independent of RI value
· Up to two-segment UCI for A-CSI reporting where RI is jointly encoded with at least one other CSI parameter in the first segment and hence CRC-protected
· The payload of the first segment remains the same as RI varies
· Strive to preserve these features for max. 8-layer reception 
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