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1 Introduction
In 3GPP RAN #68 meeting, the work item on EBF and Full Dimension MIMO (FD-MIMO) was agreed for Release 13. The agreed work scope of the work item as documented in [1] can be summarized as follow:

The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. The detailed objectives are as follows. 

· Specify enhancements on reference signal in the following areas: non-precoded CSI-RS, beamformed CSI-RS, SRS, DMRS

· Specify enhancements on CSI reporting
Beamformed CSI-RS (BF CSI-RS) refers to the case where eNB applies precoding such that the resulting signal is focused to a particular area of the cell. Typically the area to which the BF CSI-RS is focused on is much smaller than the entire area of the cell. Depending on how BF CSI-RS is utilized within the system, different specification support would be needed. In particular, one of the issues that are related to the support of BF CSI-RS is whether to include measurement restriction in the specification. Note that current LTE specification has minimal restriction on how a UE measures the channel status for generation of CSI. Including a measurement restriction would mean that the specification would have details on how a UE may perform time or frequency domain filtering when it is taking measurements on CSI-RS and IMR.

In this contribution we discuss the necessity of measurement restriction for BF CSI-RS.
2 Measurement restriction
According to the FD-MIMO TR [2], BF CSI-RS is defined as (at least at a given time/frequency) CSI-RS ports that have narrow beamwidths and hence cannot provide cell wide coverage. Also, at least from the eNB perspective, some CSI-RS port-resource combinations have different beam directions. The issue at hand is whether measurement restriction should be introduced or not when eNB applies the difference beam direction on a CSI-RS resource configured to a UE. The benefit of supporting measurement restriction is that it provides the eNB with a very flexible way of changing its precoding on the CSI-RS. However, the drawback of supporting measurement restriction is that the UE’s implementation of channel and interference measurement has to be changed. Furthermore, depending on how the measurement restriction is supported, the resulting measurement accuracy could deteriorate from what we have today. In the following, we provide our thoughts on scenarios in which measurement restrictions might be of use.
The main motivation for supporting measurement restriction on BF CSI-RS would be to support dynamic change in the precoding of the BF CSI-RS. If dynamic change in BF CSI-RS’s beam direction is something that does not need to be supported, the motivation for supporting this feature would not strong.
In case of cell specific BF CSI-RS, each cell would have multiple CSI-RS resources with different beam directions (each CSI-RS resource would be associated with a distinct CSI process). If BF CSI-RS is operated in a cell specific manner, the super set of the coverage area of each BF CSI-RS utilized in the cell should be enough to provide cell coverage. For such a scenario, it seems that any change in the beam direction would not be necessary. Instead, the UE reporting a beam index (BI) to indicate the preferred BF CSI-RS seems more beneficial. 
In contrast to cell specific BF CSI-RS, for UE specific CSI-RS, dynamic change in the beam direction seems more adequate since the CSI-RS resource has been already dedicated to that UE. Depending on how frequently the beam direction needs to be changed, the specification support could be different. For example, if the changes on beam direction do not occur frequently (as they are derived primarily from DL long-term channel statistics), current UE implementation may be enough without further measurement restrictions. Therefore, the key question for this scenario is whether dynamic change in the beam direction is something that needs to be supported.

Even if measurement restriction is supported in the specification, depending on details, the required burden on UE implementation could be different. For example, if the variation in beamforming weights across subframes tends to be slow, a UE behaviour which allows the UE to assume that beamforming weights associated with BF CSI-RS do not vary within a certain time interval can be specified. This alternative allows a trade-off between UE implementation complexity (along with potentially excessive measurement restriction) and flexibility for managing UE-specific BF CSI-RS resources.
In light of these aspects, the necessity of measurement restriction for BF CSI-RS is unclear and should be further investigated.
Observations: 
· If eNB controls and allocates BF CSI-RS resource(s) cell-specifically, measurement restriction may not be necessary.
· If eNB controls and allocates BF CSI-RS resource(s) UE-specifically, measurement restriction may be beneficial for dynamic beam changes. However, if dynamic beam change does not occur frequently, current UE implementation may cover CSI measurement without measurement restriction.
· Measurement restriction can give additional burden for UE implementation.
Proposal: The necessity of measurement restriction for BF CSI-RS should be further investigated.
One additional issue that needs to be considered for measurement restriction on BF CSI-RS is whether this feature needs to be supported for downlink transmissions. Assuming measurement restriction is supported in Rel-13, this feature should not be applicable to UEs configured with legacy transmission modes which utilize CRS for channel measurement. Furthermore, even for transmission modes which utilize CSI-RS for channel measurement, the feature should be designed so that it can be turned on or off depending on eNB’s implementation. Such configurability would allow the UE to improve its channel measurement performance when it is sanctioned by the eNB.
Proposal: Even if measurement restriction is adopted for Rel-13, the feature should be limited for TMs that utilize CSI-RS for channel measurement. Furthermore, specification should be designed such that measurement restriction can be turned off when it is deemed not necessary by the network.
3 Conclusions
This contribution has discussed about measurement restriction for beamformed (BF) CSI-RS, and we made following observations and proposal:
Observations: 
· If eNB controls and allocates BF CSI-RS resource(s) cell-specifically, measurement restriction may not be necessary.

· If eNB controls and allocates BF CSI-RS resource(s) UE-specifically, measurement restriction may be beneficial for dynamic beam changes. However, if dynamic beam change does not occur frequently, current UE implementation may cover CSI measurement without measurement restriction.

· Measurement restriction can give additional burden for UE implementation.
Proposal1: The necessity of measurement restriction for BF CSI-RS should be further investigated.
Proposal2: Even if measurement restriction is adopted for Rel-13, the feature should be limited for TMs that utilize CSI-RS for channel measurement. Furthermore, specification should be designed such that measurement restriction can be turned off when it is deemed not necessary by the network.
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