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1 Introduction

In previous RAN1 meetings, the following agreements have been achieved:
· The CSI acquisition framework (including CSI measurement, Resource, and CSI reporting settings) supports configurations that provide CSI similar to Rel.14 eFD-MIMO hybrid CSI mechanisms 1 and 2, e.g.

· Long-term CSI for a number of antenna ports or multiple NZP CSI-RS resources

· Short-term CSI for a number of antenna ports with one or more NZP CSI-RS resources

· The number of ports for long-term and short-term CSIs can be the same or different

· Contents of the CSI report are FFS

· This is achieved without introducing new features into the agreed upon CSI acquisition framework
· Joint support for hybrid mechanism 1 and semi-open-loop
· A CSI report can contain only PMI consisting of only i1 using Type I single panel codebook and CRI/RI
· Note: i1 identifies a combination of variables {i1,1 and i1,2} or {i1,1 , i1,2, and i1,3} in 38.214 section 5.2.1.2
· A CSI report can contain only PMI consisting of only i1 using Type I single panel codebook, CQI  and CRI/RI, computing CQI assuming PDSCH transmission with Np≥1 precoders, where
· UE can assume that one precoder is randomly selected from the set of Np precoders for each PRG on PDSCH
· The PRG size in CSI feedback is RRC configured
· The set of Np precoders for CQI calculation are indicated by codebook subset restriction
This is a revision of R1-1715592. In this contribution, we discuss further details of the CSI acquisition for hybrid CSI.
2 Hybrid CSI acquisition for NR

Given the flexibility of NR CSI framework, and the codebooks designed for either non-precoded or beamformed CSI-RS, the long-term and short-term CSI reporting can be further enhanced, to fulfill the NR requirement for supporting larger number of antenna ports, higher resolution feedback, while keeping the feedback overhead affordable.

A two-level CSI measurement and reporting as shown in Figure 1 has been proposed for supporting large number of antenna ports with dynamic spatial dimension reduction (DSDR) [1], where each level corresponding to one of the two precoding stages.
· First-level CSI measurement and reporting
TRP configures measurement on wideband/long-term channel statistics information on a number of non-precoded CSI-RS ports, and then UE estimates and reports the corresponding CSI, such as partial PMI feedback for the channel space reduction. Such partial PMI feedback represents a statistical subspace of long-term channel, which accounts for the most energy of the statistical channel but with much smaller spatial dimension.
· Second-level CSI measurement and reporting
TRP configures measurement on subband/short-term instantaneous channel on a number of beamformed CSI-RS ports which corresponds to a reduced spatial dimension based on DSDR, and then UE estimates and reports the corresponding CSI, either via type II or other beamformed CSI-RS CSI feedback. In this step, the RS and feedback overhead are both saved due to spatial dimension is reduced.
As mentioned, hybrid CSI acquisition is mainly for CSI-RS and feedback overhead reduction, which implies that the number of level-1 CSI-RS ports should be no smaller than that of level-2 CSI-RS ports. Configurations that supporting the number of level-1 CSI-RS port smaller than that of level-2 CSI-RS hardly makes hybrid CSI more useful or effective. 
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Figure 1. Procedure of multi-level CSI measurement and reporting
Proposal 1: The number of level-1 CSI-RS ports should be no smaller than that of level-2 CSI-RS ports in hybrid CSI configuration.
3 CSI-related configuration details
To support the hybrid CSI operation in NR, the following configurations should be considered.

3.1 CSI-RS resource configurations

For the first-level wideband/long-term CSI measurement and reporting, one CSI-RS resource with a large number of antenna ports (e.g. 16, 32) can be configured to a UE. The time domain behavior of CSI-RS transmission can be either periodic, semi-persistent, or aperiodic. For periodic or semi-persistent transmission, the corresponding timing related information should also be configured, e.g. CSI-RS slot configuration, which defines periodicity and slot offset in a single parameter. Since it is a measurement on wideband/long-term channel statistics, large periodicity should be configured in general.
To further support wider schemes for the first-level CSI measurement and reporting, multiple CSI-RS resources can also be configured to a UE, which corresponds to a CRI feedback.
For the second-level subband/short-term CSI measurement and reporting, one CSI-RS resource with a smaller number of antenna ports (e.g. 4, 8, etc.) can be configured. The time domain behavior of CSI-RS transmission can be either periodic, semi-persistent, or aperiodic. For periodic or semi-persistent transmission, the corresponding timing related information should also be configured. Since it is a measurement on subband/short-term instantaneous channel state information, smaller periodicity should be configured in general. The periodicity of the second-level CSI-RS transmission can also be jointly configured with the periodicity of the first-level CSI-RS transmission, e.g. the latter can be an integer multiples of the former.

3.2 CSI-IM resource configurations

One CSI-IM should be associated with each one of the CSI-RS resources configured to either first-level or second-level measurement and reporting. Either periodic, semi-persistent, or aperiodic CSI-IM can be configured. However, the appropriate time domain behavior of CSI-IM should be aligned with that of CSI-RS for channel measurement. 
For aperiodic CSI-RS with aperiodic CSI-IM, joint triggering can be considered. Similarly, joint activation/deactivation can also be considered for semi-persistent CSI-RS with semi-persistent CSI-IM.
3.3 CSI reporting configurations

Two CSI reports correspond to the two-level CSI measurement and reporting should be configured. For the first-level wideband/long-term CSI measurement and reporting, it has been agreed that Type I single panel PMI with W1 (e.g. i1) only feedback can be configured. 

To further support wider schemes for the first-level CSI measurement and reporting, the CSI report can also be configured with a channel eigen-vector/covariance matrix feedback, which is most likely to be realized by a Type II category I/II codebook configuration and the corresponding PMI feedback. A wideband CQI can also be configured, along with RI feedback. On the other hand, CRI is to be configured, when multiple CSI-RS resources are configured to a UE, in an LTE CLASS B (k>1) manner. 

For the second-level subband/short-term CSI measurement and reporting, the CSI report is to be configured with subband PMI/CQI, along with RI reporting. Either Type I or Type II codebook configuration can be considered, with periodic, semi-persistent, or aperiodic reporting. This may lead to a long PUCCH reporting or a PUSCH reporting.

Similar to CSI-RS transmission, there is inter-relationship between the time-domain behaviors of the CSI reporting. For instance, the reporting cycles for the first-level CSI-RS can be integer multiples of the reporting cycles for the second-level CSI-RS, when periodic/semi-persistent CSI reporting is considered.
Based on the above discussion, we have the following proposal:
Proposal 2: NR supports the following configurations for either one of the two CSI reports
· CSI reporting configurations

· E.g. CSI parameters, time-domain behavior, frequency granularity, codebook configuration

· The corresponding CSI-RS/IM configurations
· One or multiple CSI-RS resources can be configured

· One or multiple CSI-IM resources can be configured
In LTE Rel-14 hybrid CSI operation, CLASS A W1 (i.e., i1) reporting can be adopted as precoders for the second-level measurement and reporting. However, in the DSDR approach discussed above, wideband channel eigen-vectors of the channel covariance matrix is to be reported, in order to characterize the subspace structure of each user’s channel. The benefit of channel eigen-vector feedback for the hybrid CSI operation is evaluated in our companion contribution [2], where significant gain can be observed.

Therefore, to obtained better performance in NR compared to LTE, the explicit CSI feedback for the hybrid CSI operation, such as channel eigen-vector, needs to be further studied. As one of the quantization solution for explicit feedback, codebook design for channel eigen-vector feedback can be further considered in NR. One possible direction is to base the design on the linear combination framework of the currently agreed type II codebook.

4 CSI framework for hybrid CSI operation
According to the above discussed CSI-related configurations, a CSI framework can thus be formulated to enable the NR hybrid CSI operation. For a general discussion of the CSI framework design, please refer to our previous contribution [3].
4.1 Measurement setting
As shown in Figure 2, one CSI reporting setting (0) is associated to two Resource settings (0 and 1) via two links, respectively. The CSI-RS resource(s) within the Resource setting 0 is for channel measurement, while the CSI-RS resource(s) within Resource setting 1 is for interference measurement.
4.2 Resource setting

CSI-RS resources for the two-level CSI measurement and reporting are to be jointly configured within one Resource setting for channel measurement. For Resource setting 0, two CSI-RS resource sets are configured, where set 0-1 corresponds to the first-level CSI measurement and reporting, and set 0-2 corresponds to the second-level CSI measurement and reporting, respectively.

As discussed above, one or multiple CSI-RS resource configurations can be included in set 0-1, for the first-level CSI measurement and reporting. When one CSI-RS resource is configured, it is in general with a large number of antenna ports to be measured, and the corresponding wideband/long-term channel statistics to be reported. When multiple CSI-RS resources are configured, LTE CLASS B (K>1)-like reporting with CRI feedback can be adopted.
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Figure 2. CSI framework for hybrid CSI operation
One CSI-RS resource configuration can be included in set 0-2, for the second-level CSI measurement and reporting. It is in general with a smaller number of antenna ports to be measured, and the corresponding subband/short-term instantaneous channel state information to be reported.
The periodicity of the CSI-RS resources in set 0-2 can also be jointly configured with the periodicity of the CSI-RS resources transmission in set 0-1, e.g. the latter can be an integer multiples of the former.

CSI-IM resources for the two-level interference measurement are to be jointly configured within one Resource setting for interference measurement. For Resource setting 1, two CSI-RS resource sets are configured, where set 1-1 is associated with set 0-1, corresponding to the first-level interference measurement, while set 1-2 is associated with set 0-2, corresponding to the second-level interference measurement. 

4.3 CSI reporting setting
Two CSI reports corresponding to each one of the two-level CSI measurement and reporting are to be jointly configured within one CSI reporting setting. The first-level CSI report corresponds to the first-level CSI-RS/IM configurations in Resource set 0-1/1-1. The second-level CSI report corresponds to the second-level CSI-RS/IM configurations in Resource set 0-2/1-2. 
Each CSI report is associated with its own reporting configurations, such as CSI parameters, CSI type, time domain behavior, reporting modes, codebook configuration, etc. The configurations can also be jointly optimized. For one instance, the report can contain only PMI consisting of only i1 using Type I single panel codebook and CRI/RI, per previous agreement. For another instance, the reporting cycles for the first-level CSI-RS can be integer multiples of the reporting cycles for the second-level CSI-RS, when periodic/semi-persistent CSI reporting is considered.
When semi-open-loop CSI is to be reported, where one precoder is assumed to be randomly selected from a set of Np precoders for each PRG, the PRG size in CSI feedback should be configured within the corresponding reporting configuration.

When aperiodic CSI reporting and aperiodic CSI-RS/IM transmission are configured, a joint CSI reporting and CSI-RS/IM triggering mechanism can be considered, as depicted in Figure 2. With the dynamic signaling selects between first-level and second-level CSI-RS/IM configurations, the corresponding CSI report is to be triggered. Similarly, joint CSI reporting and CSI-RS/IM activation/deactivation can also be considered for semi-persistent reporting and transmission.
Based on the above discussion, we have the following proposal on the CSI framework for NR hybrid CSI operation.

Proposal 3: NR supports the following CSI framework configuration for hybrid CSI operation

· Configure two CSI reports within one CSI reporting setting 
· Each CSI-RS resource set for channel measurement is associated with one CSI-RS resource set for interference measurement

· Corresponds to one of the two CSI reports
5 Conclusions

This contribution discussed the further details of the CSI acquisition for hybrid CSI. The proposals are summarized as follows:
Proposal 1: The number of level-1 CSI-RS ports should be no smaller than that of level-2 CSI-RS ports in hybrid CSI configuration.
Proposal 2: NR supports the following configurations for either one of the two CSI reports
· CSI reporting configurations

· E.g. CSI parameters, time-domain behavior, frequency granularity, codebook configuration

· The corresponding CSI-RS/IM configurations
· One or multiple CSI-RS resources can be configured

· One or multiple CSI-IM resources can be configured
Proposal 3: NR supports the following CSI framework configuration for hybrid CSI operation

· Configure two CSI reports within one CSI reporting setting 
· Each CSI-RS resource set for channel measurement is associated with one CSI-RS resource set for interference measurement

· Corresponds to one of the two CSI reports
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