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1. Introduction

In RAN#71 meeting, the WID for eFD-MIMO [1] has been approved with objectives shown in the followings.
	· 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 

· Extend specification support for CSI reporting in the following areas [RAN1]

· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D

· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS

· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded

· Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas [RAN1]
· Necessary CSI reporting scheme, including with and without PMI; and/or

· Necessary open-loop transmission scheme


In this contribution, we discuss the details on 20-, 24-, 28- and 32-port CSI-RS designs for non-precoded CSI-RS to support eFD-MIMO. 

2. Discussion on CSI-RS design principle 
To support new {20, 24, 28, 32} CSI-RS port in eFD-MIMO, following two alternatives can be considered. 
· Alt. 1: New CSI-RS patterns are fixed in specification

· Alt. 2: New CSI-RS ports are constructed with an aggregation of legacy 2/4/8 ports. 
Alt. 1 means at least one of new CSI-RS configurations is to be added and fixed in the specification.  The benefit of this approach is that the cases of UE implementation would be minimized, and the enhancements can be incorporated in the existing tables of TS36.211. On the other hand, Alt. 2 can provide more flexibility compared to Alt. 1 in RRC configuration with aggregating K(>1) CSI-RS configurations.
Considering the consistency with CSI-RS design in Rel-13 FD-MIMO, Alt. 2 is more preferred. In this context, the aggregation principle of 12- and 16-port CSI-RS in Rel-13 can be reused. In 12- and 16-port CSI-RS designs, the aggregation case where N1=N2=…NK=N with the minimum K value is only allowed. Here, K is the number of aggregated CSI-RS configurations and N is the number of antenna ports per aggregated CSI-RS configuration. Following to this principle, new CSI-RS ports can be constructed with the value of (K, N) as shown in Table 1. 
Table 1: (K, N) for the construction of new CSI-RS design
	Total # of CSI-RS ports 
	20
	24
	28
	32

	# of aggregated CSI-RS configurations (K)
	5
	3
	7
	4

	# of antenna ports per aggregated CSI-RS configuration (N)
	4
	8
	4
	8


Proposal 1: For designing 20-, 24-, 28- and 32-port CSI-RS, the aggregation principle of 12- and 16-port CSI-RS in Rel-13 for having the minimum number of aggregated CSI-RS configurations (K) and the maximum same number of ports per aggregated CSI-RS configuration (N) is maintained, i.e., adopt Table 1. 

Another feature of CSI-RS design in Rel-13 is introducing CDM-4 as a way of boosting the 12- and 16-port CSI-RS transmission power up. Since the same aggregation method for 12- and 16-port CSI-RS are considered for the new CSI-RS ports, the same method of CDM-4 applied in Rel-13 can be straightforwardly extended for newly defined CSI-RS ports. In other words, for 4-port aggregation, CDM-4 is applied for 4 REs located in the legacy 4-port CSI-RS, and applying CDM-4 to the 2-by-2 4 REs is considered for the case of 8-port aggregation. 
 Proposal 2: CDM-4 is supported in Rel-14 eFD-MIMO. 
3. Discussion on overhead reduction in CSI-RS design
In the legacy CSI-RS design, the CSI-RS density of 1 RE/RB/port is maintained. However, with this density, the cell reuse factor of the newly defined CSI-RS such as 24, 28 and 32 becomes at most 1. To increase the cell reuse factor and reduce the overall network CSI-RS overhead, FDM-based CSI-RS design may be considered. In the FDM-based CSI-RS design, two adjacent PRB pairs are employed to construct the new CSI-RS ports. In this case, the CSI-RS density becomes 0.5 RE/RB/port. An example of FDM-based 32-port CSI-RS design is illustrated in Figure 1. 
However, if such FDM-based CSI-RS design is adopted with lower CSI-RS density (<1 RE/RB/port), the delay spread may not be accurately estimated by the FDM-based CSI-RS alone, and thereby the noise suppression performance may be deteriorated. To alleviate this issue, QCL linkage between the CSI-RS and a CRS can be added at least w.r.t delay spread in addition to the existing QCL properties, i.e., Doppler shift and Doppler spread. Also, for the FDM-based CSI-RS design, power boost-up of CSI-RS transmission by CDM-4 may not be satisfactory due to the large number of CSI-RS ports. Thus, CDM-8 may be applied for the new CSI-RS designs with the 8-port aggregation, i.e., 24- and 32-port CSI-RS. In this case, CDM-8 is applied to the REs located in aggregated legacy 8-port. 
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Figure 1. An example of 32-port CSI-RS aggregation with FDM
4. Conclusion
In this contribution, we discussed the details on 20-, 24-, 28- and 32-port CSI-RS designs for non-precoded CSI-RS to support eFD-MIMO. The proposals based on the discussion are given below:
Proposal 1: For designing 20-, 24-, 28- and 32-port CSI-RS, the aggregation principle of 12- and 16-port CSI-RS in Rel-13 for having the minimum number of aggregated CSI-RS configurations (K) and the maximum same number of ports per aggregated CSI-RS configuration (N) is maintained, i.e., adopt Table 1. 

Proposal 2: CDM-4 is supported in Rel-14 eFD-MIMO. 
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