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Introduction
At the RAN #71 meeting, a new work item, enhancements on full-dimension (FD) MIMO (eFD-MIMO) for LTE, was approved [1]. One of the objectives is further enhancement of beamformed CSI-RS to achieve improved efficiency captured as following.
· Specify enhancements on reference signal in the following areas [RAN1]
· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS

In this contribution, we present our views on further enhancement of BF CSI-RS achieving efficient CSI-RS transmission.
Discussion
In Rel. 13 standardization, BF CSI-RS was introduced by means of CSI and interference measurement restriction (MR). In this scheme, beamformer can be adjusted to track the variation of channel and UE location. In order to reduce the overhead, CSI-RS resource can be shared by multiple UEs, which is also known as CSI-RS resource pool. Fig. 1 shows example operation of the CSI report using UE-specific BF CSI-RS with resource pool. In this example, both UEs (UEs A and B) are configured with the same CSI-RS configuration with the transmission period of 5 ms. In subframe #0, eNB transmits UE-specific BF CSI-RS toward UE A together with corresponding CSI request for UE A. Similarly, in subframe #5 and #10, eNB transmits UE-specific BF CSI-RSs toward UE B together with corresponding CSI requests for UE B. 
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Figure 1: Example operation for UE-specific CSI-RS with resource pool
· Aperiodic Transmission of BF CSI-RS
In some use case, BF CSI-RS based scheme requires unnecessary overhead for CSI-RS resource. For example, in Fig. 1, CSI-RS resource is reserved in subframe #15, although there is no CSI-RS to transmit. Furthermore, overhead is increased for UE-specific BF CSI-RS, since CSI-RS is transmitted with UE-specific manner (not in cell-specifically as in Rel. 12). One possible solution can be on demand transmission of CSI-RS, i.e., aperiodic CSI-RS (A-CSI-RS) as shown in Fig. 2. In this scheme, the REs can be reused for PDSCH transmission, when CSI-RS is not multiplexed. UE needs to be informed whether the CSI-RS is multiplexed or not. In addition, eNB and UE can conduct rate matching depending on the information. This mechanism can be applied not only for NZP CSI-RS but also for ZP CSI-RS, i.e., PDSCH can be multiplexed to unused ZP CSI-RS resource.
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Figure 2: Aperiodic CSI-RS
· Optimization for finer CSI acquisition
If CSI-RS is transmitted in aperiodic manner, it does not fully make sense that CSI is periodically calculated and reported as in legacy releases. For example, in Fig. 2, it is not necessary for UE A to calculate CSI using CSI-RS resources in subframe #5, #10 and #15. In this sense, it can be beneficial that periodic CSI reporting is not supported for A-CSI-RS. This is also straightforward considering that UE-specific BF CSI-RS is typically used to obtain finer CSI, based on preliminary coarse CSI such as beam selection, channel reciprocity, etc, and finer CSI tends to be obtained using aperiodic CSI reporting. We need to guarantee the order of CSI request (A-CSI-RS trigger), A-CSI-RS transmission and A-CSI reporting. If this order is maintained with appropriate interval, UE can exploit a benefit to reduce computational complexity and battery consumption, i.e., UE needs to estimate CSI-RS only when triggered. Based on the discussion above, we have following basic design and discussion points on A-CSI-RS.
Proposal 1: Followings can be a starting point of the discussion for A-CSI-RS design.
· ZP and NZP CSI-RS resource can be configured as aperiodic resource in RRC.
· CSI-RS resources are reserved in periodic manner as in legacy releases.
· Whether reserved CSI-RS resource is used or not is dynamically triggered in DL grant.
· eNB and UE conduct rate matching based on the trigger.
· Aperiodic CSI reporting is supported in A-CSI-RS.
· CSI request (A-CSI-RS transmission) is triggered followed by CSI-RS reception and A-CSI report.
Proposal 2: Aperiodic ZP and NZP CSI-RS are discussed in Rel. 14 eFD-MIMO WI with following scope.
· Semi-static resource reservation and dynamic triggering
· Schemes of rate matching based on the dynamic trigger
· Definition of CSI reference resource (relative timing of CSI request (A-CSI-RS trigger), A-CSI-RS transmission and A-CSI reporting)
· Further enhancement of MR
In Rel. 13 EBF/FD-MIMO, UE assumption on MR is notified by RRC signaling. It enables to turn on/off application of MR in semi-static manner. If MR is enabled, UE derives CSI without any averaging between subframes. However, for example in Fig. 2, UE B may be able to improve CSI accuracy by averaging two CSI-RSs in subframe #5 and #10. Basically, it may be possible that UE averages CSI-RSs in different subframes, which are triggered by same CSI request bits. On top of that, we may need to avoid averaging CSI-RSs, which applies different beamformer. That can be signaled to UE with dynamic signaling. 
Proposal 3: Further enhancement on CSI MR is discussed in the WI. Followings are the candidates of enhancement schemes.
· CSI MR based on CSI request bits.
· CSI MR based on dynamic signaling.
Summary
In this contribution, we presented our views on further enhancement of BF CSI-RS achieving efficient CSI-RS transmission. Based on the discussion, we made the following proposals.
Proposal 1: Followings can be a starting point of the discussion for A-CSI-RS design.
· ZP and NZP CSI-RS resource can be configured as aperiodic resource in RRC.
· CSI-RS resources are reserved in periodic manner as in legacy releases.
· Whether reserved CSI-RS resource is used or not is dynamically triggered in DL grant.
· eNB and UE conduct rate matching based on the trigger.
· Aperiodic CSI reporting is supported in A-CSI-RS.
· CSI request (A-CSI-RS transmission) is triggered followed by CSI-RS reception and A-CSI report.
Proposal 2: Aperiodic ZP and NZP CSI-RS are discussed in Rel. 14 eFD-MIMO WI with following scope.
· Semi-static resource reservation and dynamic triggering
· Schemes of rate matching based on the dynamic trigger
Definition of CSI reference resource (relative timing of CSI request (A-CSI-RS trigger), A-CSI-RS transmission and A-CSI reporting)
Proposal 3: Further enhancement on CSI MR is discussed in the WI. Followings are the candidates of enhancement schemes.
· CSI MR based on CSI request bits.
CSI MR based on dynamic signaling.
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