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1 Introduction
Traditional assumption for CSI-RS port to TXRU mapping has been one-to-one mapping, where the number of TXRUs is equal to the number of CSI-RS ports. Under this mapping implementation, the feedback precoder on the CSI-RS ports corresponds to channel direction information on the TXRUs. For FD-MIMO, however, this practice may need to be revisited due to a few reasons:

· High CSI-RS overhead especially when number of TXRUs is large, as illustrated in the below table:

Table 1 CSI-RS overhead with 5msec duty cycle

	
	8 CSI-RS
	16 CSI-RS
	32 CSI-RS
	64 CSI-RS

	Overhead (%)
	1.0% (=8/12/14)
	1.9%
	3.8%
	7.6%


· Necessity of new CSI-RS patterns for larger number of CSI-RS ports

· Adverse impact on the legacy users in CSI-RS subframes with high CSI-RS density
· For example, if 64 CSI-RS are mapped on a subframe, the number of REs to convey PDSCH data can be as small as 44 REs / PRB ( 44 = 14x12 – 32 PDCCH – 64 CSIRS –12 DMRS – 12 CRS). Practically legacy UEs are not likely to be able to decode anything on this subframe, even if the MCS is lowered down. 
This contribution introduces alternatives on CSI-RS enhancements for FD-MIMO. 
2 CSI-RS port to TXRU mapping

In the past releases, primary purpose of CSI-RS is for providing pilots for UEs for CSI estimation, including PMI estimation. PMI is a good representative of channel direction information (CDI), in some cases. In such cases, PMI and CQI can be instead of channel matrices for deriving MU-MIMO precoders. Strictly speaking, PMI does not have explicit connection to the CDI in the LTE specifications. However, for the system-level and link-level study to develop any codebook in the past releases, ULA or x-pol ULA has been assumed and CSI-RS are one-to-one mapped to those ULA antennas, in which case PMI can be assumed as a representative of CDI. For FD-MIMO, CSI-RS may also be studied as pilots for facilitating CDI estimation, and this contribution focuses on this usage of CSI-RS. 

The major challenges of designing such FD-MIMO CSI-RS could be to do with large number of antenna ports, i.e., up to 64 antenna ports. As discussed in the introduction, one-to-one mapping of 64 CSI-RS introduces multiple issues, including overhead, necessity of new design of 64-port design, impact on legacy UEs, etc., and it would be important to explore other options to efficiently provide CSI-RS for systems with large number of antenna ports. 

In case channel reciprocity does not hold, PMI/CQI UE feedback on the TXRUs will be necessary for FD-MIMO eNB to schedule UEs and calculate precoding weights. In case TXRUs are one-to-one mapped to CSI-RS, naturally PMI/CQI on CSI-RS is identical to PMI/CQI on TXRUs. In case antenna correlation can be exploited, on the other hand, it should be possible to make number of CSI-RS ports for CDI estimation smaller than number of TXRUs, which could result in insignificant performance loss. This way, the overhead and other issues related to full CSI-RS mapping may get mitigated. In this case, antenna-port virtualization precoding, which is a digital precoding operation, may be applied to map CSI-RS to multiple TXRUs. It is noted that various antenna-port virtualization precoding can be designed for coping with various scenarios without hardware change. Upon receiving UE PMI/CQI feedback on CSI-RS ports, eNB may need to transform the PMI/CQI to those on TXRUs for scheduling and precoding, relying on some implementation techniques. 
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Figure 1 CSI-RS port to TXRU mapping options 
A few options for CSI-RS port virtualization precoding (or CSI-RS port to TXRU mapping) are introduced in Figure 1. Option 1 is the traditional one-to-one mapping. Option 2 and Option 3 are those options to exploit antenna correlation to reduce number of CSI-RS ports. Option 2 is to add one more set of CSI-RS (denoted as V-CSI-RS) to facilitate the estimation of elevation domain CDI in addition to traditional CSI-RS (denoted as H-CSI-RS) configured for azimuth domain CSI estimation. Option 3 is to configure CSI-RS with uniformly subsampling the TXRUs, with aiming to reduce CSI-RS and feedback overhead. It is noted that additional port virtualization can be applied to Option 2 and Option 3, e.g., for CSI-RS coverage benefits; for example, each H-CSI-RS in Option 2 is virtualized across TXRUs comprising a column, and each V-CSI-RS is virtualized across TXRUs comprising a row.

It is expected that these options will have different tradeoff between CSI-RS overhead, CSI feedback overhead and DL MIMO precoding performance. Hence, it is proposed to further study these options in this SI.

3 Conclusion
This contribution has considered CSI-RS antenna port mapping for FD-MIMO, and made the following proposals:

Proposal: For CSI-RS antenna port to TXRU mapping, evaluate at least the following three options:
· Option 1: One-to-one mapping, where the total number of CSI-RS ports is equal to the total number of TXRUs
· Option 2: V-CSI-RS is configured in addition to traditional H-CSI-RS
· Option 3: Uniform subsampling of CSI-RS
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