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1. Introduction

Considering increased number of TXRUs in FD-MIMO, in RAN1#80, potential CSI-RS enhancements related to the number of NZP-CSI-RS ports were agreed as follows: 

· For non-precoded CSI-RS, prioritize on antenna port number per CSI-RS resource of 16, 32, 64 for performance evaluations
· Note: It is not a prioritization of CSI feedback scheme and CSI feedback scheme of 2, 4, 8 CSI-RS ports can be considered 
· Increasing the maximum number of NZP CSI-RS ports (>8) for >8 TXRUs per CSI process

· Number of non-precoded CSI-RS ports per CSI-RS resource which is a multiple of 2, e.g. 10

· Note: one CSI-RS port may be mapped onto one or more than one TXRUs

· Note: Another constraint given by SID is the number of TXRUs equals to 8, 16, 32, 64
· Number of beamformed CSI-RS ports per CSI-RS resource can be flexible

It is well-known that increasing TXRUs could provide benefit in terms of system performance from more degree of freedom in spatial domain, but this might be naturally causes CSI-RS resource overhead to support accurate channel measurement. To resolve CSI-RS resource overhead, we could consider CSI-RS subsampling as we introduced in our companion contributions [1], [2]. In this contribution, we discuss on spatially sub-sampled CSI-RS and show preliminary evaluation results.
2. CSI-RS ports to TXRU mapping options for spatially sub-sampled CSI-RS
In this section, we investigate possible options for spatially sub-sampled CSI-RS. It is generally assumed that one-to-one CSI-RS to TXRU mapping in non-precoded CSI-RS based FD-MIMO. Under this mapping, we could consider full CSI-RS antenna ports as a baseline where all TXRUs are transmitted to each CSI-RS antenna port (Option 1). This option obviously provides the most accurate channel measurement at UE, but probably high CSI-RS overhead seems to be problematic, in particular, with large number of TXRUs, e.g., 64 TXRUs. 
Spatially sub-sampled CSI-RS transmission could be one possibility to resolve the overhead problem while maintaining tolerable CSI measurement performance. One possible option is to separate horizontal dimension measurement and vertical dimension measurement considering Kronecker Product based feedback mechanism which could be one strong option to reduce feedback overhead as well in FD-MIMO. In this option, one additional CSI-RS for vertical dimension measurement (V-CSI-RS) is configured over legacy CSI-RS which is configured for horizontal dimension measurement (H-CSI-RS) (Option 2). Considering low spatial correlation between different polarization antennas, separate channel measurement according to polarization could be further supported for better measurement accuracy (Option 3) as an extension of Option 2. Moreover, uniformly sub-sampled CSI-RS could be another possibility (Option 4). Although spatially sub-sampled CSI-RS might cause channel measurement accuracy degradation, it might provide a good compromise between CSI-RS overhead saving and measurement accuracy. In Figure 1, we illustrate above options for CSI-RS ports to TXRU mapping. 
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Figure 1. CSI-RS ports to TXRU mapping options
3. Simulation Results
In this section, we would like to discuss on the performance of spatially sub-sampled CSI-RS antenna ports compared to full CSI-RS antenna ports. Specifically, we compare option 1 and option 2 when number of TXRUs is equal 64. For the evaluation, we assume that Kronecker Product based codebook where Rel.10 8Tx codebook is used for horizontal dimension measurement and 8Tx DFT codebook with oversampling factor 2 is used for . In Table 1, we show evaluation results.
Table 1. Performance of Option 1 and Option 2 for 3D-UMi (2GHz),
(M, N, P, Q) = (8, 4, 2, 64) & Full buffer traffic model
	Options
	Average Throughput
	5% Tile Throughput

	Full Port (Option 1)
	104.6%
	115.7%

	Partial Port (Option 4)
	100.0%
	100.0%


Observation: Performance of spatially sub-sampled CSI-RS antenna port seems to be comparable to full port based CSI-RS antenna port.
In the evaluation result, it is observed that performance gain of Option 1 over Option 4 is marginal. Since RS overhead is proportionally increased as increasing number of TXRUs in Option 1, the performance enhancement with option 1 seems to be carefully studied with comparison of spatially sub-sampled CSI-RS such as Option 4 where the overhead is smaller at the cost of measurement accuracy.
4. Conclusion

This contribution has investigated spatially sub-sampled CSI-RS options. Considering evaluation results above and possibility of various options to further be able to improve performance, we could consider spatially sub-sampled CSI-RS to support higher number of TXRUs.
Observation: Performance of spatially sub-sampled CSI-RS antenna port seems to be comparable to full port based CSI-RS antenna port.
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