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1. Introduction
LTE Rel.13 support hybrid CSI by configuring two CSI-RS resources of different eMIMO-types in one CSI-process. The 1st eMIMO-type CSI-RS resource reports long-term, potentially wideband, information which can be used to beamform the 2nd eMIMO-type which intends to provide short-term narrowband CSI. Two mechanism were adopted in REl.13. 

· Mechanism 1: 

· 1st eMIMO-type is Class A with K= 1 CSI-RS, and 2nd eMIMO type is class B with K = 1 CSI-RS

· RI and PMI is reported for the 1st eMIMO-type, and RI/PMI/CQI is reported for the 2nd eMIMO-type

· Mechanism 2: 

· 1st eMIMO-type is Class B with K>1 CSI-RS, and 2nd eMIMO-type is class B with K = 1 CSI-RS

· CRI is reported for the 1st eMIMO-type, and RI/PMI/CQI is reported for the 2nd eMIMO-type.
This contribution presents views on the hybrid CSI in NR.
2. Discussion
The technical reasons to introduce hybrid CSI in LTE still hold in NR, hence it is reasonable to continue to support hybrid CSI in NR. At least the two existing mechanisms in LTE should be supported to allow the same system functionality and operational flexibility.

The feedback content of the 1st eMIMO-type depends on the codebook and the supported RI range. For mechanism 1, for the 1st eMIMO type, type I single panel and multiple panel codebooks can be considered. Type II codebook intends to provide high-resolution spatial CSI in a “one-shot” manner, and its applicability to the 1st eMIMO type can be further discussed. For the 2nd eMIMO type, type I codebook and type II codebook for beamformed CSI-RS both can be considered.

Proposal: Consider Type I codebooks for the 1st/2nd eMIMO-type, and Type II codebook for beamformed CSI-RS for the 2nd eMIMO-type.
A 3rd mechanism should be considered for hybrid CSI in NR. Similar to mechanism 1 and 2, one CSI-process is configured to be associated with two eMIMO-types. The 1st eMIMO-type has K = 1 CSI-RS resource, and the 2nd eMIMO-type has K > 1 CSI-RS resources. For the 1st eMIMO-type, different precoders in the feedback codebook are associated with different CSI-RS resources in the 2nd eMIMO-type. For instance, codebook subset restriction can configure K precoders for the 1st eMIMO-type (where the kth precoder is used to beamform the kth CSI-RS resource in the 2nd eMIMO-type). CSI report of the 1st eMIMO-type includes PMI (no RI/CQI), which is a pointer to one CSI-RS in the 2nd eMIMO-type. For the 2nd eMIMO-type, a single RI/PMI/CQI is reported, using the kth CSI-RS resource where k is indicated by PMI of the 1st eMIMO-type. An illustrative diagram is provided in Figure 1. 
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Figure 1: Illustration of Mechanism 3
In brief, different PMIs of the 1st eMIMO-type are used to beamform CSI-RS resources in the 2nd eMIMO type. PMI of the 1st eMIMO type operates as a pointer to the CSI-RS resource of the 2nd eMIMO-type where the final CSI should be measured. PMI of the 1st eMIMO-type operates similar to CRI of the 1st eMIMO-type of mechanism 2. 
The advantage of Mechanism 3 is reduced measurement complexity: UE measures at most 2 CSI-RS resources in the feedback process (e.g. 1st CSI-RS in 1st eMIMO-type, and 1 CSI-RS in the 2nd MIMO-type). This is fewer than Mechanism 2 where K+1 CSI-RS resources are measured (e.g. K CSI-RS resources in the 1st eMIMO-type for CRI calculation, and 1 CSI-RS resource in the 2nd eMIMO-type).
Proposal: Adopt mechanism 3, where 1st eMIMO-type has K=1 CSI-RS, and 2nd eMIMO-type has K>1 CSI-RS

· Each PMI of the 1st eMIMO-type is associated with a unique CSI-RS in the 2nd eMIMO-type

· 1st eMIMO-type reports PMI, 2nd eMIMO-type reports RI/PMI/CQI (measured on one CSI-RS resource corresponding to the PMI of the 1st eMIMO-type).

A framework for CSI reporting configuration has been agreed in RAN1#87 meeting and further revised in RAN1 NR AH#1. Within the framework, a UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L≥1 links. Each of the L links in CSI measurement setting links one CSI reporting setting with on Resource setting. Furthermore, one CSI reporting setting can be linked with more than one Resource settings and multiple CSI reporting settings can be linked with the same Resource setting. This flexible configuration framework actually enables above hybrid CSI mechanisms. There are two approaches can be considered to configure the CSI reporting settings and Resource settings for hybrid CSI. 
The first approach is independent configuration for the two eMIMO-types. For example, two CSI reporting settings are configured and each is used for one eMIMO-type. The CSI measurement parameters can be configured independently. Take mechanism 1 as example, CSI reporting setting 1 (for 1st eMIMO-type) is linked to one Resource setting and CSI reporting setting 2 (for 2nd eMIMO-type) is linked to another Resource setting. For CSI reporting setting 1, RI and wideband first PMI are reported. For CSI reporting setting 2, RI, CQI and PMI are reported. 
The second approach is joint configuration of the two eMIMO-types. That is, the two eMIMO-types are configured in the same CSI reporting setting. The CSI reporting setting is linked with two Resource settings for 1st and 2nd e-MIMO type, respectively. Such a configuration makes overall framework very complex. Different measurement parameters configured in the CSI reporting setting is measured based on different Resource settings. This needs extra signaling design beyond the current configuration framework. These two approaches are illustrated in Figure 2.
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Figure 2: Configuration for hybrid CSI
As can be seen from the above discussion, independent configuration for the two eMIMO-types in different CSI reporting settings fits current framework well. It can be adopted as baseline for configuration of hybrid CSI.

Proposal: Independent configuration of the two eMIMO-types is adopted as baseline for configuration of hybrid CSI.
3. Conclusions

In this contribution we present our views on hybrid CSI in NR. Our views are summarized below:

Proposal:  
Support Mechanism 1 and Mechanism 2 of LTE hybrid CSI in NR.
Proposal: 
Adopt mechanism 3, where 1st eMIMO-type has K = 1 CSI-RS, and 2nd eMIMO-type has K>1 CSI-RS

· Each PMI of the 1st eMIMO-type codebook is associated with a CSI-RS in the 2nd eMIMO-type

· 1st eMIMO-type reports PMI, 2nd eMIMO-type reports RI/PMI/CQI (measured on the CSI-RS resource corresponding to the PMI of the 1st eMIMO-type).
Proposal:
 Independent configuration of the two eMIMO-types is adopted as baseline for configuration of hybrid CSI.
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