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1. Introduction

In RAN1#80bis meeting, intensive discussions took place regarding how to capture beamformed and non-precoded CSI-RS based schemes into TR [1], and in the subsequent email discussion [80b-05] the proposed text [2] was agreed to be captured in the TR.
In our companion contribution [3], evaluation results are provided focusing on beamformed CSI-RS based schemes which are compared with Cat-2 baseline performance [4] via varying the vertical beam granularity. Performance gains of beamformed CSI-RS based schemes against Cat-2 baseline are shown to be reduced as the vertical beam granularity goes higher, since each vertical beam corresponds to a separated NZP CSI-RS resource, causing a large amount of CSI-RS overhead.
Based on the observations, in this contribution we discuss potential enhancement areas for properly supporting the beamformed CSI-RS-based schemes, focusing mainly on reducing/avoiding such extensive CSI-RS overhead and supporting efficient UE operations with reasonable complexity.

2. Discussion
A large amount of beamformed CSI-RS overhead or increasing CSI feedback periodicity applied in the evaluation results [3] especially when the number of considered vertical beams is higher was due to considering “cell-specific” beamformed CSI-RS transmissions for all the candidate beamformed CSI-RS resources regardless of UE distributions and mobility aspects. This approach causes linearly increasing CSI-RS overhead as the number of considered vertical beams increases, e.g., 32 CSI-RS resources each with 8 ports are required for (8,4,2,64) which is significantly large and seems impractical considering available data REs on the CSI-RS transmission instances. Therefore, this approach of transmitting all the candidate cell-specific beamformed CSI-RS periodically is not desirable in order to properly operate beamformed CSI-RS-based schemes, due to such inefficient CSI-RS resource usages.
Alternatively, there is rather an advantage that needs to be exploited for utilizing beamformed CSI-RS-based schemes, which would be some of candidate CSI-RS resources may not be transmitted depending on UE distributions and conditions on whether the UE needs to measure the CSI-RS resource or not. For example, in some time instances all UEs to be served may only prefer to some of vertical beams so that the corresponding beamformed CSI-RS may only need to be transmitted. In other words, other candidate beamformed CSI-RSs which target other directions need not to be transmitted since there are no UEs to measure the CSI-RSs. Hence, the RS resources can be saved accordingly. This effect becomes significant when we have much higher vertical beam granularity, especially in cases when much larger antenna elements are implemented in the cell.
In subsection 2.1, we discuss two different approaches of utilizing such “UE-specifically” configured and controlled valid CSI-RS resources (out of the whole candidate beamformed CSI-RS resources in the cell perspective) on which the UE needs to measure its desired channel.
In subsection 2.2, we discuss more efficient way of handling network-wise CSI-RS overhead for properly supporting beamformed CSI-RS-based FD-MIMO operations, which is based on aperiodic beamformed CSI-RS transmissions.
2.1. Managing UE-specific CSI-RS resource configurations
When eNB determines target UE’s vertical beam direction(s), e.g., based on feedback from the UE or UL channel reciprocity, the corresponding beamformed CSI-RS(s) applied by the determined vertical beam will be transmitted and measured by UE for corresponding horizontal CSI feedbacks. There are two different methods to apply vertical beamforming on the CSI-RS transmission, especially considering when the applied vertical direction is changed at least by UE movement.
Method 1:  Inform UE of applied beam change on the UE-dedicated CSI-RS resource.
This method seems beneficial when the number of active UEs in the cell is very small, or the network targets to get benefits from so called UE-centric operation with purely UE-dedicated beamformed CSI-RS resource configured per UE. Depending on UE’s feedback of the preferred vertical direction, the beamformed CSI-RS may become desired to have a different vertical direction. Since the change of vertical direction will affect the horizontal CSI calculation depending on the implementation-specific measurement window used by UE. Therefore, the UE needs to know whether the applied beam direction is changed so as to properly set or reset CSI measurement window for CSI derivation, although the UE does not have to know the exact vertical beam direction applied to the beamformed CSI-RS.

Method 2:  Inform UE of valid CSI-RS resource change.
In general, a cell may predetermine candidate multiple (e.g., 2, 4, or 8) beamformed CSI-RS resources, since within the cell coverage there can be many UEs preferring different vertical beams. In this case, a UE may be configured to measure one CSI-RS out of the whole candidate beamformed CSI-RS resources as an example. If the UE reports a different preferred vertical beam direction from that applied in the configured CSI-RS, it needs to be possible to inform the UE of valid CSI-RS resource change so that the UE measures different CSI-RS resource for channel measurement. If some of the candidate beamformed CSI-RSs are not needed to be transmitted in the cell perspective due to no UEs preferring the corresponding vertical beam directions for example, such CSI-RS resources can be flexibly used for data transmissions by dynamic ZP-CSI-RS indication for obtaining such performance benefits. This method 2 seems a preferred option unless the number of active UEs in the cell is very small.
It needs to be further studied how to indicate such beam change notification as in Method 1 or valid CSI-RS resource change notification as in Method 2, i.e., proper means for the indication such as MAC or DCI level of notification.
Proposal 1: For beamformed CSI-RS-based scheme enhancements, detailed procedure on applying vertical precoding on the CSI-RS and controlling the corresponding UE behavior needs to be investigated.
2.2. Aperiodic beamformed CSI-RS transmission (Pooling of CSI-RS resources)
Method 2 in the previous subsection can be more efficiently used, when we consider to support aperiodic beamformed CSI-RS transmissions, which can also be interpreted as pooling of CSI-RS resources [5]. Network may trigger an UE to report the horizontal CSI information based on vertically beamformed CSI-RS, so that the network provides an instantaneous CSI-RS transmission toward the vertical direction at a certain CSI-RS transmit time instance.
This mechanism is shown in Figure 1, where network may set up beamformed CSI-RS configuration (e.g., 5 ms periodicity) with multiple virtualization matrices (e.g., Bi for i=1,2,...,K).  In subframe #4 in the 2nd radio frame in the figure, network may trigger the UE to report the horizontal CSI information based on such different vertical direction (e.g., virtualization matrix B2) from the previous vertical direction (e.g., virtualization matrix B1) in other CSI-RS transmission subframes. Since this CSI-RS configuration is applied only that subframe, we call it as an instantaneous or aperiodic CSI-RS transmission.
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Figure 1. Aperiodic CSI-RS transmission with multiple virtualization matrices
If the UE is triggered to report multiple aperiodic CSI feedbacks in multiple subframes, each associated with different virtualization matrix Bi on the CSI-RS, the eNB can also determine a proper beam direction for the UE based on the reported CSI feedbacks. Such aperiodic CSI-RS transmission with a single CSI-RS configuration would enable the network to handle the traffic load adaptively with dynamic alterations of virtualization matrices. Hence, we propose to further investigate the aspects of aperiodic CSI-RS transmissions.
Proposal 2: Aspects of aperiodic CSI-RS transmission should be further investigated at least for properly supporting beamformed CSI-RS based schemes in the potential work item phase.
3. Conclusion
In this contribution, we discussed potential enhancement areas for properly supporting the beamformed CSI-RS-based schemes. The proposals based on the discussion are given as follow:
Proposal 1: For beamformed CSI-RS-based scheme enhancements, detailed procedure on applying vertical precoding on the CSI-RS and controlling the corresponding UE behavior needs to be investigated.
Proposal 2: Aspects of aperiodic CSI-RS transmission should be further investigated at least for properly supporting beamformed CSI-RS based schemes in the potential work item phase.
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