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1 Introduction
In 3GPP RAN#71, the WID of Enhancements on Full-Dimension MIMO for LTE (eFD-MIMO) was approved with the following objectives for reference signal enhancements [1]:

· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 

· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 

In this contribution, we discuss the potential enhancements on beamformed CSI-RS for eFD-MIMO.
2 Discussion
UE specific beamforming is a proof solution for FD-MIMO with a larger number of antenna ports as concluded in the TR [2] of the study item. However, one of the potential issues with UE specific beamforming is the CSI-RS overhead since dedicated CSI-RS resource is configured for each UE in a cell. Even though each UE may only require one beam of 2 CSI-RS ports, the demand for CSI-RS resources could be very high when there is a large number of RRC_CONNECTED UEs configured with FD-MIMO operation in the cell. Therefore, improving CSI-RS resource utilization efficiency for overhead reduction is required for UE specific beamforming based FD-MIMO.
In Rel-13, periodic CSI-RS resource using the existing 1/2/4/8 ports NZP CSI-RS pattern is configured for UE specific beamfoming. In case of 4 or 8 ports CSI-RS, a pair of two ports on different polarization is transmitted as a beam. The beamforming weight within a port pair is same, and between different port pairs, the beamforming weight can be different. UE can feedback a selection of the best beam and polarization co-phasing via the associated W2 codebook. If measurement restriction is configured then the CSI-RS resources can be shared among multiple UEs in a TDM manner. In other words, the eNB may dynamically change the beamforming weight for beamformed CSI-RS in different subframes to adapt to different UEs as shown in Figure 1 below where B1, B2 and B3 are beamforming weights for UE1, UE2 and UE3. It is noted that the change of the beamforming weight can be transparent to UE as long as CSI-RS channel measurement is restricted to one single subframe according to the configured measurement restriction. 
Observation 1: Rel-13 UE specific beamformed CSI-RS supports dynamic CSI-RS resource sharing among multiple UEs in a TDM manner. 
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Figure 1. TDM based dynamic CSI-RS resource sharing for UE specific beamforming
However, the TDM based dynamic CSI-RS resource sharing does not provide sufficient flexibility since it restricts CSI measurement to a subset of candidate subframes. When the number of UEs multiplexed on the same CSI-RS resource is large, it could mean that UE could not report CSI timely resulting in a longer CSI delay. Therefore an improved resource multiplexing approach by using FDM/TDM shall be supported for UE specific beamformed CSI-RS. However, this cannot be supported by RE mapping of the existing UE specific beamformed CSI-RS. For example, as shown in Figure 2, the port pair of {15, 17} or {16, 18} of a 4-ports beamformed CSI-RS are mapped to 4 REs. For 8-ports BF CSI-RS, the 2-port pair of {15, 19}, {16, 20}, {17, 21} and {18, 22} occupies 4 REs of 2 adjacent REs and 2 adjacent symbols, not compatible with 2-ports or 4-ports CSI-RS resource. When one ports pair is selected the other port pairs cannot be reused by other UEs.
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Figure 2. RE mapping for 2/4/8 ports UE specific beamformed CSI-RS

Observation 2: Dynamic FDM/TDM CSI-RS resource sharing among different UEs is not supported for Rel-13 UE specific beamformed CSI-RS. 

To solve the aforementioned problem we can revise the RE mapping of UE specific beamformed CSI-RS so that the two-port pair associated with one beam occupies only 2 REs of a 2-port CSI-RS resource. Alternatively, we can introduce a new CSI-RS resource configuration for 4-ports and 8-ports beamformed CSI-RS based on multiple 2-ports resource aggregation as done for 12/16-ports CSI-RS. Both approaches allow to reassign the REs associated with the unused port pairs to other UEs to improve CSI-RS resource utilization. As one example in Figure 3, two 4-ports CSI-RS resources occupying total 4x2=8 REs can be dynamically FDM/TDM shared among three UEs each configured with a 4-port CSI-RS resource. Therefore, each UE can perform CSI reporting in every subfame measured on at least the 2 REs of one beam. If UE is not active for CSI reporting and the CSI-RS resources in the particular subframes can be assigned to other UEs so that CSI reporting can be based on multiple beam pairs.
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Figure 4. Example of dynamic FDM/TDM CSI-RS resource multiplexing among different UEs
Proposal 1: To support dynamic FDM/TDM CSI-RS resource multiplexing among multiple UEs, the following two alternatives can be considered

· Alt. 1: Revising the RE mapping for 4-ports and 8-ports beamformed CSI-RS
· Alt. 2: Changing the 4-ports and 8-ports resource configuration based on an aggregation of multiple 2-ports CSI-RS resource configurations

Aperiodic CSI-RS based on pooling of CSI-RS resources is another potential enhancement for beamformed CSI-RS [2]. eNB could configure the CSI-RS resources in the pool more flexibly in terms of port, frequency/time location, and transmission power to UE. Within a pre-configured resource pool, aperiodic transmission of CSI-RS may or may not occur at every candidate transmission instance according to a trigger. Such CSI-RS resource pool is dynamically shared among multiple UEs. The resources for aperiodic CSI-RS may be pooled also with other channels such as PDSCH. If aperiodic CSI-RS transmission does not happen in a subframe, the unused CSI-RS resources can be released for PDSCH transmission.

It can be seen that the key difference between aperiodic CSI-RS with pooling of resources and the proposed FDM/TDM based resource multiplexing is whether an indicator is signaled to UE to inform the change of a CSI-RS resource for CSI reporting. Aperiodic CSI-RS requires an explicit indication for the change of CSI-RS resource, but the proposed FDM/TDM approach does not require additional signaling. Although it is possible to reuse the A-CSI trigger in UL DCI format to indicate an aperiodic CSI-RS resource for CSI reporting, it implies that aperiodic CSI-RS cannot be transmitted prior to the A-CSI trigger. It will reduce CSI processing time if aperiodic CSI-RS is transmitted on or after A-CSI triggering subframe. Since UE needs to decode PDCCH firstly in order to know any presence of the CSI-RS, resulting in less than 3ms processing time for CSI-RS channel estimation and determining CSI. Therefore, this kind of “one-shot” aperiodic CSI-RS transmission shall be avoided considering big impact on UE implementation.

It is noted also that aperiodic CSI-RS cannot be used for periodic CSI reporting and thus additional periodic CSI-RS resource shall be configured. This would break the current convention that the P-CSI and A-CSI reporting always refer to the same set of antenna ports and the same set of CSI-RS resources. In a worst case, UE complexity is doubled when different CSI-RS resources are configured for P-CSI and A-CSI reporting.
Observation 3: The specification impact on aperiodic CSI-RS based on a pooling of CSI-RS resources is very high compared to the FDM/TDM based resource multiplexing approach. 

Proposal 2: Further study is needed for supporting aperiodic CSI-RS with consideration of UE implementation efforts. 

3 Conclusions
In summary, we discuss the potential enhancements on UE specific beamformed CSI-RS to improve efficiency of resource utilization for eFD-MIMO. We have the following observations:

Observation 1: Rel-13 UE specific beamformed CSI-RS supports dynamic CSI-RS resource sharing among multiple UEs in a TDM manner. 

Observation 2: Dynamic FDM/TDM CSI-RS resource sharing among different UEs is not supported for Rel-13 UE specific beamformed CSI-RS. 

Observation 3: The specification impact on aperiodic CSI-RS based on a pooling of CSI-RS resources is very high compared to the FDM/TDM based resource multiplexing approach. 

Based on the above observations we propose

Proposal 1: To support dynamic FDM/TDM CSI-RS resource multiplexing among multiple UEs, the following two alternatives can be considered

· Alt. 1: Revising the RE mapping for 4-ports and 8-ports beamformed CSI-RS

· Alt. 2: Changing the 4-ports and 8-ports resource configuration based on an aggregation of multiple 2-ports CSI-RS resource configurations

Proposal 2: Further study is needed for supporting aperiodic CSI-RS with consideration of UE implementation efforts. 
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