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Introduction
The Study Item (SI) on “Next Generation New Radio Access Technology [1]” has been discussed since the RAN1 #84bis meeting. The objective of SI is to develop NR considering deployment on frequency ranges up to 100GHz. In NR, MIMO/beamforming with large antenna arrays is essential for not only capacity enhancement but also coverage enhancement and CSI acquisition is an important component for supporting the MIMO technology. In this contribution, we discuss initial views on CSI acquisition framework associated with the multi-antenna scheme including analog/digital/hybrid beamforming.

Discussion
In the state of the art LTE-A Pro, MIMO which is one of the key technologies has been evolved to support enhanced features. In NR, more antenna elements and more accurate CSI are considered to enable the further enhancements of MIMO. Therefore, it is expected that there will be some new challenges in CSI acquisition. In this section, our several considerations for the CSI acquisition framework in NR are discussed.

Unified CSI framework
In the last RAN1 #85 meeting, analog/digital/hybrid beamforming are agreed to be studied and the physical layer procedure design for NR can be agnostic to the beamforming implementation [2]. Hence, we should strive to have a unified framework for CSI acquisition. In other words, it will be desirable for the reference signal (RS) for CSI measurement and CSI reporting scheme to be independent from any specific beamforming scheme.
The unified CSI framework should be simple and flexible. In LTE, as the MIMO technique has been evolved, the specification has been more complicated due to the additional support of advanced MIMO schemes. As a result, there are 10 transmission modes and associated huge amount of CSI feedback configurations. The room for further improvement is also limited by the backward compatibility. For NR, simplification of multi-antenna scheme is inevitable. It is needed to remove unnecessary transmission modes and the feedback modes with overlapped functionality. It is also beneficial to reconfigure the feedback modes targeted only to the particular transmission mode. Besides, it is expected that the forward compatibility for CSI framework related to multi-antenna scheme of NR will be discussed intensively since it is early stage so that the detailed features of NR is not decided yet. Thus, the flexible design of CSI framework is necessary to meet the future requirements.

CSI-RS configuration
Considering the unified CSI framework, CSI-RS configuration in NR would be able to support all kinds of beamforming implementations without losing efficiency. CSI-RS configuration in LTE is well designed suitably for digital beamforming as well as hybrid beamforming with fixed analog beamforming. In NR, adaptive analog beamforming that dynamically changes the beam direction can be adopted unlike LTE. Therefore, new CSI-RS configuration in NR should consider the impact of adaptive analog beamforming. Two design aspects in CSI-RS configuration can be considered as follows.

CSI-RS structure
To overcome the high path-loss above 6GHz, beamforming is essential for CSI-RS transmission. The CSI-RS beamforming is also required to obtain accurate CSI for both below and above 6GHz. For the design of the CSI-RS in NR considering the impact of adaptive analog beamforming, the BF CSI-RS of FD-MIMO in Rel-13 can be a good starting point. Moreover, multi-stage CSI-RS structure such as hybrid CSI-RS discussed in Rel-14 WI on eFD-MIMO can be considered due to the CSI-RS overhead. Assuming two stage CSI-RS, for instance, cell-specific BF CSI-RS with coarse grid beams can be the first stage CSI-RS and UE-specific BF CSI-RS with fine grid beams can be the second stage CSI-RS. The first stage CSI-RS can be associated with the periodic long-term feedback and the second stage CSI-RS can be associated with aperiodic short-term feedback. To support multi- stage CSI-RS, the detailed operation of CSI acquisition should be studied.

Proposal 1: The detailed operation of CSI acquisition to support multi-stage CSI-RS should be studied.

CSI-RS resource
As mentioned above, the impact of adaptive analog beamforming needs to be considered in CSI-RS resource configuration. Analog beamforming, as is well known, cannot be frequency selective. Therefore, the CSI-RS ports beamformed with different analog beams cannot be multiplexed in frequency domain. In other words, at least the CSI-RS ports in the different symbols can be beamformed with different analog beams. It is impossible for the current CSI-RS resource configuration to fully support this feature. This is because there is not enough space for the improvement in the CSI-RS resource configuration of LTE. In addition, it is also required to support the forward compatibilities, e.g., multiplexing different numerologies within a same NR carrier bandwidth. Hence, we need more flexible CSI-RS resource configuration than LTE. The detailed contents such as the mapping of the CSI-RS ports to resource elements and the design of CSI-RS should be further investigated.

Proposal 2: The detailed contents such as the mapping of the CSI-RS ports to resource elements considering the impact of adaptive analog beamforming should be further investigated.

Aperiodic CSI acquisition
RAN1 #85 meeting agreed the study on the aperiodic CSI reporting in conjunction possibly with aperiodic RS (e.g. one-shot RS, multi-shot RS) transmission [2]. Therefore, the lean design will be reflected in the CSI measurement and reporting to reduce the overhead. For this purpose, unlike LTE, CSI acquisition framework of NR should avoid always on and periodic RS transmission and CSI reporting. In fact, periodic CSI reporting is also not good for forward compatibility because of the lack of flexibility. 
Furthermore, periodic RS transmission may result in resource inefficiency and unnecessary interferences. Thus, CSI acquisition of NR considers on demand design. It means that the CSI procedure is conducted only when it is needed and this is the intuitive way to obtain the high CSI resolution by utilizing resources efficiently. To support on demand CSI measurement, dynamic allocation of shared CSI-RS resources can be considered. It enables the flexible use of limited resources to a number of served UEs although it can cause the control information overhead like indication of resource allocation. Since there can be a variety of situations to require CSI measurement and reporting, designing a proper mechanism of triggering for CSI acquisition is also critical issue.
Lastly, NR is likely to consider the CSI procedure to support CSI triggering, CSI measurement and CSI feedback in a certain time interval. Proper length of time interval and UE complexity of CSI feedback in the same time interval should be investigated to check whether it is possible or not. If possible, it is desirable to support CSI procedure in the same time interval for the fast CSI acquisition.



Figure 1. Illustration of aperiodic CSI acquisition process

Proposal 3: Further studies on dynamic allocation of shared CSI-RS resources and mechanism of triggering for CSI acquisition should be considered for on demand design.
Proposal 4: Proper length of time interval and UE complexity of CSI feedback in the same time interval should be investigated.

Summary
In this contribution, we discuss the considerations of the CSI acquisition for NR. Our views are summarized as follows:
Proposal 1: The detailed operation of CSI acquisition to support multi-stage CSI-RS should be studied.
Proposal 2: The detailed contents such as the mapping of the CSI-RS ports to resource elements considering the impact of adaptive analog beamforming should be further investigated.
Proposal 3: Further studies on dynamic allocation of shared CSI-RS resources and mechanism of triggering for CSI acquisition should be considered for on demand design.
Proposal 4: Proper length of time interval and UE complexity of CSI feedback in the same time interval should be investigated.
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