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1 Introduction
In RAN1#68, WI on EBF/FD-MIMO was agreed to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs [1]. The WI objectives include enhancements of non-precoded and BF CSI-RSs. Especially for non-precoded CSI-RS, the detailed objectives is as follows:
· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
One issue that pertains to all potential CSI-RS enhancements is the wireless resources on which CSI-RS ports are mapped and transmitted. In this contribution, we provide possible alternatives to configure NZP CSI-RS resources for 12 and 16 CSI-RS ports, using full-port mapping.
2 Design principles for Rel-13 CSI-RS enhancement
To support more CSI-RS antenna ports, the most important issue is to define adequate wireless resources on which CSI-RS is transmitted. In legacy LTE-A systems, specification supports for 1, 2, 4, or 8 CSI-RS antenna ports are provided with the following properties 
· 1 RE/port/PRB pair density (except for single-port CSI-RS)
· As shown in [2], better estimation accuracy of PMI/CQI/RI by increasing CSI-RS RE density beyond 1 RE/port/PRB does not translate into significant throughput gain.
· Suggestions: Maintain CSI-RS RE density as 1 RE/port/PRB to provide similar level of CSI-RS estimation accuracy as in legacy LTE releases. 
· Minimize adverse impact to legacy operation on control region/CRS/PBCH/PSS/SSS/port-5/PDSCH, etc.
· Current CSI-RS resource pool (diagonal stripes in the Figure 1) is designed to avert the above issue.
· Suggestions: Our proposal is to keep the legacy CSI-RS resource pool at least in this release. 
· CSI-RS pattern design for inter-cell operation (ex. zero power CSI-RS)
· Currently at least 5 orthogonal patterns per subframe can assigned to 1 or more cells. Nested property between CSI-RS patterns for different numbers of ports also helps eNB’s operations for controlling inter-cell interference control on CSI-RS.
· Depending on the detailed options for CSI-RS pattern design, the level of specification impact could be different. Specification impact is not needed if the 12- or 16-port CSI-RS resource is determined by simply combining multiple legacy CSI-RS resources. On the other hand, specification impact would be larger if entirely new 12- or 16-port CSI-RS resources are adopted.
· More details will be discussed in the Section 3.
· Multiplexing for different antenna ports within a CSI-RS pattern (time, frequency, code, etc)
· Two adjacent OFDM symbols are used to map all ports of the same CSI-RS resource. For example, in case of 8-port CSI-RS, a combination of FDM and CDM in time domain (OCC length 2) is used across four subcarriers of two adjacent OFDM symbols.
· More details will be discussed in the Section 4.
· CSI-RS EPRE configuration for boosting and full power utilization
· Legacy CSI-RS mapping and multiplexing allow CSI-RS power boosting up to 6 dB.
· Suggestions: Support full power utilization.
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Figure 1. Legacy RS mapping pattern per PRB pair
Proposal 1: Design principles for 12 and 16 port CSI-RS RE mapping in Rel-13 should include
· Maintaining CSI-RS RE density as 1 RE/port/PRB

· Maintaining the legacy CSI-RS resource pool

· Supporting full power utilization
3 Details for CSI-RS resources
With CSI-RS RE density of 1 RE/RB/port, the maximum numbers of non-overlapped CSI-RS resources are two and three for 16-port CSI-RS resources (16(2=32 REs/RB) and three 12-port CSI-RS resources (12(3=36 REs/RB), respectively. 
As mentioned in the previous section, following two options can be considered for CSI-RS resource design: 
· Alternative 1: Each 12/16 port CSI-RS resource is a combination of multiple legacy CSI-RS resources (i.e., {1, 2, 4, 8}-port CSI-RS resources). For example, for 16-port CSI-RS resource, the UE is configured with an 8-port CSI-RS resource and a 8-port CSI-RS resource.
· Alternative 2: Each 12/16 port CSI-RS resource is newly designed based on the aforementioned design principles. 
Proposal 2: Select from one of the following alternatives on CSI-RS resource design
· Alternative 1: Each 12/16 port CSI-RS resource is defined as a combination of multiple legacy CSI-RS resources.
· Alternative 2: Each 12/16 port CSI-RS resource is newly designed based on the aforementioned design principles. 
As mentioned in Section 2, full power utilization for CSI-RS transmission is important for accurate CSI estimation. Current CSI-RS resources are designed to achieve full power utilization when the eNB applies a power boosting factor of 6dB. Considering 12 and 16 CSI-RS ports, there are at least two possible alternative designs for achieving full power utilization.

· (Alternative 1) Use CDM-4 multiplexing across time domain
· (Alternative 2) Design a 2-PRB based pattern that switches the time domain location of the CSI-RS ports
· For example: In PRB0, CSI-RS ports 0~7 are on OFDM symbols 1 and 2 while CSI-RS ports 8~15 are on OFDM symbols 3 and 4. In PRB1, the time domain locations are switched.
Proposal 3: Consider the following options for full power utilization and power boosting of CSI-RS transmission
· Option 1: CDM-4 in time domain

· Option 2: 2-PRB based pattern

4 Conclusions
In this contribution, we discussed potential issues on CSI-RS enhancement for FD-MIMO. Based on the discussion, following proposals are drawn:

Proposal 1: Design principles for 12 and 16 port CSI-RS RE mapping in Rel-13 should include

· Maintaining CSI-RS RE density as 1 RE/port/PRB

· Maintaining the legacy CSI-RS resource pool

· Supporting full power utilization

Proposal 2: Select from one of the following alternatives on CSI-RS resource design

· Alternative 1: Each 12/16 port CSI-RS resource is defined as a combination of multiple legacy CSI-RS resources.

· Alternative 2: Each 12/16 port CSI-RS resource is newly designed based on the aforementioned design principles. 
Proposal 3: Consider the following options for full power utilization and power boosting of CSI-RS transmission
· Option 1: CDM-4 in time domain

· Option 2: 2-PRB based pattern

References
[1] RP-151085, New WID Proposal: Elevation Beamforming/Full-Dimension (FD) MIMO for LTE, Samsung
[2] R1-094574, Discussions on CSI-RS for LTE-Advanced, Samsung
PAGE  
4

