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Introduction
Downlink multiple antenna schemes typically require Channel State Information at the basestation. The channel state information (CSI) has been designed and used based on transmission schemes/modes, scenarios, and use cases for better link adaptation to provide a higher spectral efficiency and/or robust signal transmission. A lot of CSI reporting types have been defined in LTE to optimize MIMO performance in various scenarios.

In NR, there are new scenarios, use cases, and antenna configurations to be assumed. Therefore, it is necessary to study a tailored CSI design to meet the requirements of NR. In RAN1 #86bis, the following have been agreed for NR CSI design [1]:
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

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

In this contribution, we discuss NR CSI design from the viewpoints of new antenna configurations and operating frequencies.
2
CSI Reporting
So far, CSI reporting types in LTE have been designed based on the assumption that single-user MIMO transmission is used when a UE reports the CSI. This has led to erroneous link adaptation when an eNB scheduler uses a multi-user MIMO (MU-MIMO) transmission scheme based on a single-user MIMO (SU-MIMO) CSI since co-channel interference estimated at the transmitter using a limited CSI is prone to inaccuracies.
In LTE Rel-10, RAN1 had studied the use of additional MU-MIMO related CSI reporting types (i.e., MU-CSI) such as best/worst companion PMI/CQI reporting on top of SU-CSI. Based on the study results, RAN1 concluded that a marginal gain from the additional MU-CSI could not justify the additional CSI feedback overhead and specification impacts. It is mainly from the fact that the number of antenna ports were limited to 8 in the horizontal dimension only, and provided a limited degrees-of-freedom (DoF) of the spatial channel for a MU operation. Note that the performance of MU-MIMO gets better as the DoF of the spatial channel becomes higher by virtue of the increased multi-user diversity gain. Since a large number of antenna arrays may be used in NR (e.g., 64 antenna ports), the MU-CSI may provide a significant gain which may justify the additional CSI feedback overhead.

It has been agreed to study on non-linear precoding based MU-MIMO schemes for better MU-MIMO gain when the spatial channel is ill-conditioned for MU operation, where the non-linear precoding scheme cancels out a co-channel interference at a transmitter and a UE performs a simple modulo operation at the receiver to recover the signal. The details of non-linear precoding schemes are discussed in the companion contribution [3]. To achieve the performance gain from non-linear precoding scheme, a higher resolution of channel state information may be needed for a gNB scheduler to cancel out the co-channel interference accurately.

In order to meet the spectral efficiency requirements of NR (e.g., eMBB), enhanced CSI reporting for MU-MIMO operation should be studied for the NR antenna configurations with a larger number of antenna arrays.

In RAN1 #86bis, two types of CSI feedback has been agreed, where the Type-I is normal resolution feedback and the Type-II is higher resolution feedback. Therefore, the Type-II CSI feedback design may focus on MU-MIMO scheme.

Proposal-1: Type-II CSI reporting type focuses on MU-MIMO performance enhancement
Two types of CSI reporting schemes have been supported such as periodic CSI reporting using PUCCH and aperiodic CSI reporting using PUSCH, where the periodic CSI reporting provides coarse CSI information but regularly while the aperiodic CSI reporting is triggered by eNB when a finer CSI information is needed at the eNB scheduler. Since the periodic CSI reporting uses a PUCCH channel, its overhead is relatively lower than that of PUSCH based CSI reporting. However, to support the periodic CSI reporting, a periodic CSI-RS should be transmitted as well to update the CSI measurement in each reporting cycle. The periodic CSI-RS is an always-on signal which needs to be minimized in NR network for the network energy efficiency as well as forward compatibility.
It has been agreed that aperiodic CSI-RS transmission and aperiodic CSI reporting is supported in NR and at least one of periodic and semi-persistent CSI-RS transmission and CSI reporting is supported on top of aperiodic CSI reporting. Given that periodic CSI-RS transmission and CSI reporting can be considered as a special case, semi-persistent CSI-RS transmission and CSI reporting may be supported to avoid always-on signal. From this, we propose not to support periodic CSI-RS transmission and CSI reporting in NR.

Proposal-2: not to support periodic CSI-RS transmission and CSI reporting in NR 

A study of the frequency spectrums above 6GHz have been agreed on for NR and significant pathloss has been observed in those high frequency spectrums [2]. A beam-based system design is considered as one of key enabling technologies to overcome the severe pathloss at a very high frequency spectrum, where a beam can be formed in analog and/or digital domains to compensate for the cell coverage loss from the pathloss.
The analog and/or digital beamforming schemes with a large number of antenna arrays have been studied and designed in LTE in the context of (e)FD-MIMO. The CSI reporting types and schemes introduced for (e)FD-MIMO can be reused for NR CSI feedback framework. For example, multiple analog beams can be used with associated beam-specific reference signals (e.g., beamformed CSI-RSs) and a UE may report a preferred beam ID (e.g., CSI-RS index; CRI) which may provide a highest received SINR.
However, the isotropic antenna gain pattern has been assumed at a UE receiver for (e)FD-MIMO design may be different from what we are assuming for NR since a receiver beamforming in analog domain will be also used at a UE. Note that a non-negligible coverage loss is expected if the transmitter and receiver beams are mismatched. Moreover, new channel characteristics have been introduced for the above 6GHz channel model including blockage, UE rotation, and spatial consistency and such channel condition information may be required at an eNB scheduler as lack of knowledge of these parameters by the scheduler may degrade the link performance significantly. Therefore, new CSI reporting types which handle the beam-pairing between Tx-Rx beams and new channel characteristics may be required in a beam-based system.

Proposal-3: study new CSI reporting types for beam-based system 
The antenna configuration for NR is determined based on a set of parameters (M, N, P, Mg, Ng), where one or more panels (i.e., Mg rows and Ng columns of panels) can be used with (M, N, P) antenna elements in each panel. 
In a baseline antenna configuration, the antenna spacing between panels is relatively larger than the antenna spacing within a panel. In this antenna configuration, a long-term wideband beamforming can be used within each panel as the spatial channels are highly correlated while a short-term subband co-phasing precoder can be used across panels as the channel correlation between antenna ports in different panels is relatively low. Since the antenna configuration in a panel is the same as that for (e)FD-MIMO, the CSI reporting types designed for (e)FD-MIMO can be reused for a panel-specific CSI reporting as much as possible and can be extended to multiple panels with a co-phasing precoder.
Proposal-4: study CSI reporting types related to panels
3
Summary
In this contribution, we discussed on the CSI feedback. Based on the discussions, we propose the followings:

Proposal-1: Type-II CSI reporting type focuses on MU-MIMO performance enhancement

Proposal-2: not to support periodic CSI-RS transmission and CSI reporting in NR 

Proposal-3: study new CSI reporting types for beam-based system 

Proposal-4: study CSI reporting types related to panels
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