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1 Introduction

At the previous meeting (RAN1#86), the following agreements were achieved [1]
· A unified CSI acquisition framework should be studied in NR, which could support 

· CSI measurement based on CSI-RS

· Implicit and explicit CSI feedback 

· Reciprocity based CSI acquisition

· Other features to be supported 

· Coupling/Decoupling (e.g. fixed timing relationships, joint configuration) between the following functions should be studied 

· RS transmission used for CSI acquisition (CSI-RS transmitted in DL and SRS transmitted in UL) 

· Use of other RS(s) is not precluded (e.g., DMRS) 

· Note that CSI-RS and SRS may or may not have the same physical signal design 

· Note that the reference signal naming can be revisited later 

· CSI measurement/reporting 

· Multi-antenna transmission method/scheme 

· Downlink control signaling 

· Study flexible scheduling/configuration of  CSI-RS, CSI report and transmission method/scheme for data and control 
And also agreed the following issues

· NR should support at least following design targets: 
· It should allow FDD operation on a paired spectrum 

· It should allow different transmission directions in either part of a paired spectrum
· It should allow TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changing

· It should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing
In this contribution, we investigate the CSI acquisition mechanism for DL MIMO in NR, including CSI measurement/reporting design principles, CSI feedback schemes, and Interference measurement schemes.
2 Considerations on CSI Measurement and Reporting
2.1 Requirements for CSI measurement and reporting

In NR, different scenarios are supported, such as eMBB, URLLC, and later mMTC[2][3]. There are different requirements for the CSI measurement/reporting to support MIMO transmission schemes in the different scenario. 
In the eMBB scenario, both of the robustness and high spectral efficiency for the data transmission are required. To satisfy the requirements and support such transmissions, accurate and timely CSI measurement and feedback need to be supported. In URLLC and mMTC scenarios, at least the robustness and efficient of the transmission is required, the CSI measurement and reporting should satisfy the transmission schemes, such as transmit diversity. 

Furthermore, since the dynamic switching between transmission schemes/methods was agreed in last meeting, the dynamic configuration of CSI measurement and feedback should be supported to satisfy the different requirements from different transmission schemes. On the other hand, in NR, non-precoded and beamformed CSI-RS may be supported. It should be not strictly necessary that UE have to be aware of non-precoded or beamformed RS, while UE measuring channel and reporting CSI. But what UE needs to know for CSI feedback, is which feedback type, e.g. explicit or implicit feedback, which subframe to report CSI with periodic or aperiodic feedback, etc. In addition, CSI reporting is critical to support multi-TRP coordination and transmission in NR. In such case, UE is able to be triggered to measure and report on multiple ZP/NZP CSI-RS process/resource, based on multiple hypotheses in NR. 

Therefore, a unified dynamic control signaling can be introduced in NR to support such flexibility. The unified dynamic control signaling for CSI feedback should consist of configurations at least for long-term/wideband or short-term/subband CSI, implicit/explicit CSI and specific CSI contents (e.g., CQI/PMI/RI/covariance matrix/eigenvector, etc.), and measurement/reporting timing, measurement duration for CSI measurement and reporting.
Observation 1: The design of CSI measurement and reporting need target to:

· Satisfy different requirements from different scenarios
· A unified control signaling to support different RS resource/type and multiple hypotheses
2.2 Considerations on CSI measurement/reporting and NR CSI-RS configuration

As it was observed above, when transmission schemes are not required to be dynamically switched, the CSI measurement/reporting is to be semi-statically configured. In this case, the NR CSI-RS resources are to be semi-statically configured as well. When dynamic switching between transmission schemes is required, the CSI measurement/reporting should be dynamically configurable. However, a dynamic NR CSI-RS configuration may lead to both high flexibility and signaling overhead. In this case, a tradeoff between flexibility and signaling overhead should be considered, and the dynamic NR CSI-RS configuration should be further studied. 
2.2.1 Multi-step channel measurement and reporting
Multi-step RS for channel measurement has been discussed in our companion contribution [4], which is beneficial for the CSI acquisition (such as lower complexity and higher performance). In these multi-step schemes, there may be different requirements and the configuration for CSI measurement and reporting for different steps. 
For example, a two-step CSI measurement and reporting for dynamic spatial dimension reduction (DSDR) transmission has been discussed in [5], whereas each step corresponding to one of the two precoding stages. At the first stage, TRP configures measurement on wideband/long-term channel statistics information, and then UE estimates and reports the corresponding explicit CSI, such as channel covariance matrix. At the second stage, TRP configures measurement on subband/short-term instantaneous effective channel with a reduced dimension, and then UE estimates and reports the corresponding CSI, either in implicit CSI feedback or explicit CSI feedback. 
Thus, different CSI measurement and reporting configurations should be supported at different steps, and the triggering and reporting mechanism should also be appropriately designed. To support flexible CSI measurement and reporting in the different steps, the dynamic switching of CSI measurement and reporting configuration should be supported.

 Proposal 1: CSI measurement/reporting in NR should support a two-step CSI feedback:

· Explicit feedback based on sparse CSI-RS for channel statistics information

· Implicit feedback based on lower dimensional and denser CSI-RS for instantaneous channel information
2.2.2 Reciprocity based CSI Acquisition

When channel reciprocity is available, it is known that the system with reciprocity based CSI acquisition shows generally better performance than the codebook based schemes in LTE systems. In NR systems, the reciprocity based CSI acquisition still is one of the key features in MIMO transmissions for both TDD and FDD systems. In TDD system, the channel reciprocity is existed, and the CSI can be acquired by uplink SRS transmission. In FDD systems, since the different transmission directions in either part of a paired spectrum is also supported as a design target in NR, the downlink CSI also can be obtained by uplink direction SRS transmission. Therefore, the reciprocity based CSI acquisition should be supported in the first stage of NR-MIMO, for both TDD and FDD systems.

Proposal 2: Reciprocity based CSI acquisition should be supported in NR-MIMO, for both TDD and FDD systems.
For the reciprocity based CSI acquisition in both TDD and FDD systems, considering the new features in NR, such as large number of antennas, wide band, high frequency, etc., the detailed design should be studied. In addition, for both TDD and FDD systems, the downlink channel information is obtained with uplink SRS transmission, however, the interference related information may still need to be fed back from UE side. On one hand, the interference measurement can be based on ZP and/or NZP CSI-RS, which is discussed in [4]. On the other hand, due to the interference will change rapidly with narrow beams transmission, the interference related information need to be feedback timely. So, the transmission of downlink (ZP/NZP) CSI-RS, (or uplink SRS) and interference related information feedback should be in a same subframe, which is self-contained subframe. Two examples are shown in Figure 1.
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Figure 1. CSI-RS/SRS/CSI reporting in a self-contained subframe
Proposal 3: CSI-RS transmission and CSI reporting (including SRS transmission) in a self-contained subframe should be supported.
3 CSI Feedback Schemes
3.1 Implicit CSI feedback
To well reflect the realistic propagation channel with multiple clusters, a high resolution CSI feedback scheme, and a robust two-stage codebook structure for implicit CSI feedback have been proposed in [6], where a wideband beam subset from a beam space and the corresponding coefficients for beam combination per sub-band are to be reported. In this regard, the advanced codebook design for NR implicit CSI feedback framework should be studied accordingly.

For the beam subset selection, a common wideband beam subset should be selected for all subband. The beam subset can be either flexibly chosen according to the channel condition, or it can be predefined and fixed. A flexibly chosen beam subset may lead to better feedback accuracy, while a predefined and fixed beam subset may save much of the feedback overhead. In this case, a tradeoff between the flexibility of beam subset selection and feedback overhead should be considered.
For the beam coefficients reporting, both amplitude and phase components quantization and feedback should be considered. Efficient vector quantization method, such as the one suggested in [6], should be studied for quantizing subband beam coefficients, considering the tradeoff between quantization accuracy and feedback overhead. 

Proposal 4: A two-stage [image: image3.png]
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 should be studied for implicit CSI feedback in NR.
3.2 Explicit CSI feedback 
It has been shown in Sec. 2.2 that the explicit CSI feedback is crucial for satisfying the measurement/reporting requirements of the flexibly scheduled/configured NR CSI-RS resources and transmission schemes.
Explicit CSI such as channel and eigenvectors has been shown in [6] can be quantized and reported in the similar way to the linear combination approach, or the channel / channel eigenvector is directly feedback in analog way. 
Explicit CSI such as channel covariance matrix is shown to be beneficial to spatial dimension reduction [5]. Considering the high spatial correlation in a compact planar array usually deployed in massive MIMO systems, the channel covariance matrix can be approximated by the Kronecker product of several sub-channel covariance matrices with lower dimensions. It is thus more efficient to report the sub-channel covariance matrices. Two alternatives have been proposed in [6]. 

Proposal 5: The following issues should be studied for explicit CSI feedback in NR
· Kronecker product based approach for channel covariance matrix feedback
· Linear combination based codebook design  for channel matrix and channel eigen-vector feedback
· Method  for quantized and unquantized/analog feedback 
4 Interference measurement
4.1 ZP and NZP CSI-RS based interference measurement
Interference measurement is crucial to link adaptation quality. In LTE system, CSI-IM is used for interference measurement and the CSI-IM is ZP CSI-RS, but the overhead grows dramatically as the number of co-scheduled UEs increases, since non-overlapping ZP CSI-RS resources need to be configured for each UE. To keep overhead low, NZP CSI-RS combined with pre-scheduling is proposed [7], where the NZP CSI-RS of all UEs occupy the same time-frequency resource, and each UE gets the inference information by subtracting estimated desired signal (based on channel  estimation) from the received signal. However, when the interference strength coming from the co-scheduled UEs is strong, both the accuracy of channel estimation and interference estimation will degrade. 
To handle this problem and meanwhile keep low overhead, a hybrid of ZP CSI-RS and NZP CSI-RS scheme for interference measurement is proposed in our company contribution [5].In this scheme, the aggressor UE causing weak mutual interference can have the same frequency and time resource of NZP CSI-RS with the target UE .This weak interference can then be measured based on the NZP CSI-RS for the target UE. The NZP CSI-RS of the aggressor UE causing strong interference should be configured with the same time and frequency resource with the ZP CSI-RS of the target UE to avoid causing channel estimation inaccuracy for the target UE. The target UE can obtain this strong interference information based on the measurement on ZP CSI-RS. This hybrid of ZP CSI-RS and NZP CSI-RS interference scheme can achieve a flexible tradeoff between the channel estimation accuracy and overhead control. 

In addition to the scenario aforementioned, the hybrid of ZP CSI-RS and NZP CSI-RS can also be applied to non-coherent MIMO transmission scenario. With introduction of non-coherent multi-TRP transmission, MIMO layers are transmitted from two or more TRPs with independently precoding. In this case, the interference can be classified into two categories: one is the inter-layer interference caused by the coordinating TRP involved in the non-coherent multi-TRP transmission, since the transmission layers from one TRP would cause interference to that from other TRPs; and the other is the interference from other non-coordinated TRPs. In order to measure both kinds of interference correctly, both NZP and ZP CSI-RS should be configured for interference measurement, where NZP CSI-RS is introduced to measure the inter-layer interference.  Specifically, from NZP CSI-RS, UE measures the interference channel explicitly and obtains the PMI to be used by the coordinating TRP in non-coherent multi-TRP transmission. Then, the inter-layer interference can be calculated by assuming the coordinating TRP is using the measured PMI; and from ZP CSI-RS, the interference from other non-coordinated TRPs can be measured. Thus, by such measurement, the calculated CQI would be more close to the real transmission and helpful for link adaptation and scheduling.
Proposal 6: Interference measurement based on a hybrid of ZP CSI-RS and NZP CSI-RS should be studied.
4.2 Interference measurement under different interference hypotheses
With the support of more flexible beamforming in NR MIMO, more and more beams in all directions exist in the spatial domain, and hence the interference would become more severe, especially when flash-light interference is caused by adjacent TRPs or other beams in the same TRP. In such an intricate case, it is advised to let the UE measures and reports CSIs under different interference hypotheses through a unified CSI configuration, where the interference hypothesis is strongly associated with the transmission scheme to be scheduled by the network. 
For example, a UE is configured by a CSI process associated with multiple interference measurement (IM) resources and indicated to report CQIs under different combinations of IM resources, where each combination corresponding to a certain interference hypothesis. Through indicating the interference hypothesis makes the interference measurement more flexible and desirable, which can be decoupled with the transmission scheme. In addition, this method can avoid configuring large numbers of CSI processes with the increasing types of coordination schemes and numbers of TRPs.

Proposal 7: Interference measurement under different interference hypothesis should be supported in NR.
5 Conclusions
In this contribution, we discuss the CSI acquisition mechanism for NR DL MIMO, including CSI measurement/reporting general design principles, CSI feedback schemes, and Interference measurement schemes. In summary, the following observations and proposals are made.
Observation 1: The design of CSI measurement and reporting need  target to:

· Satisfy different requirements from different scenarios
· A unified control signaling to support different RS resource/type and multiple hypotheses
Proposal 1: CSI measurement/reporting in NR should support a two-step CSI feedback:

· Explicit feedback based on sparse CSI-RS for channel statistics information

· Implicit feedback based on lower dimensional and denser CSI-RS for instantaneous channel information
Proposal 2: Reciprocity based CSI acquisition should be supported in NR-MIMO, for both TDD and FDD systems.
Proposal 3: CSI-RS transmission and CSI reporting (including SRS transmission) in a self-contained subframe should be supported.
Proposal 4: A two-stage [image: image9.png]


 codebook with appropriate selection of beams in [image: image11.png]


 and efficient quantization of [image: image13.png]


 should be studied for implicit CSI feedback in NR.
Proposal 5: The following issues should be studied for explicit CSI feedback in NR
· Kronecker product based approach for channel covariance matrix feedback
· Linear combination based codebook design  for channel matrix and channel eigen-vector feedback
· Method  for quantized and unquantized/analog feedback 
Proposal 6: Interference measurement based on a hybrid of ZP CSI-RS and NZP CSI-RS should be studied.
Proposal 7: Interference measurement under different interference hypothesis should be supported in NR.
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