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1. Introduction
In RAN#71, a WID [1] on EBF/FD-MIMO has been approved.  The work item aims to further specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNodeBs.  One of the objectives is to specify enhancements on CSI-RS: 
· 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 RAN1#86, aperiodic CSI-RS is agreed to be introduced [3]. In particular, we should consider reducing overhead for non-precoded CSI-RS.  In this contribution, we identify some potential problems including overhead and complexity issues when more than 16 ports in periodic non-precoded(NP) CSI-RS resource is supported in Rel-14.  Solving these problems by aperiodic CSI-RS is discussed
2. Potential Problems 
2.1 Overhead of Periodic NP CSI-RS 

In Rel-13, up to 16 ports of non-precoded CSI-RS can be configured for CSI measurement when Class A reporting is configured. In Rel-14, according to the new WI [1], up to 32 ports non-precoded CSI-RS will be supported, the overhead of NP CSI-RS resource will increase significantly. Table 1 below shows the percentage of NP CSI-RS overhead over PDSCH considering 3 control channel symbols, 12 DMRS REs and 12 CRS REs in PDSCH region. With muting applied among the three sectors in the same site, additional overhead of ZP-CSI-RS is needed.  From this table, we can see that the overhead of NP CSI-RS becomes more serious issue when number of ports increases.  The overhead problem offsets the FD-MIMO gain obtained by higher dimension.  
Table 1:  CSI-RS overhead under various configuration assumptions
	
	8 Ports
	16 Ports
	32 Ports

	NZP CSI-RS only, 10ms period
	0.77%
	1.54%
	3.08%

	NZP CSI-RS only, 5ms period
	1.54%
	3.08%
	6.16%

	Both NZP and ZP CSI-RS, 10ms period
	2.31%
	4.62%
	9.24%

	Both NZP and ZP CSI-RS, 5ms period
	4.62%
	9.24%
	18.48%


Proposal 1： Reduce the overhead of non-precoded CSI-RS in Rel-14
2.2 CSI Processing Complexity for Class A reporting
For Class A reporting, if channel measurement is implement based on NP CSI-RS resource with a large number of ports, CSI processing complexity becomes higher since the channel dimension and the number of codewords in codebook increased obviously. In Rel-14, up to 32 ports will be supported in NP CSI-RS resource for Class A reporting.  If the UE has to always measure high dimension channel periodically, it can be potentially wasteful.  Therefore, we should consider how to reduce the CSI processing complexity and measure the full channel only when it is needed.  
Proposal 2：  Reduce CSI processing complexity for Class A reporting in Rel-14
3. Aperiodic Non-Precoded CSI-RS
3.1  Benefits
Aperiodic NP CSI-RS is one of the promising schemes which is an important candidate for overhead and complexity reduction.  Therefore, it should be studied  in Rel-14.   Several benefits of aperiodic NP CSI-RS are listed below.

Overhead reduction : Since aperiodic CSI-RS ports/resource is generated only when needed, in time domain it doesn't like periodic CSI-RS which needs continuous transmission and satisfy the maximum period requirement of a large number of UEs which share the CSI-RS resource, when the number of active UE is not so large, for non-precoded CSI-RS ports/resource, resource utilization is more efficient and overhead can be reduced.  
The parameters (e.g. density, location, port number, power) of aperiodic NP CSI-RS ports/resource can be configured more flexibly according to its requirements(e.g. CSI accuracy, overhead) of UE/UE group which need to perform CSI measurement based on these aperiodic ports/ resource. thus it is more efficient than periodic CSI-RS which should satisfy the maximum port number requirement of a large number of UEs.   
Complexity reduction：In current specification, implementation of CSI processing is based on periodic CSI-RS resource.  For aperiodic CSI processing, the UE has to always measure periodic CSI-RS and get ready for upcoming aperiodic CSI triggering.  Since the trigger is unpredictable by the UE, the UE needs to at least buffer the periodic CSI-RS and perform some pre-processing.  The processing is wasteful if the UE doesn't receive aperiodic CSI triggering in most of the cases.  For periodic CSI, the network may not always need accurate full channel CSI.  Therefore, it is wasteful for the US to process full channel CSI-RS.   This problem becomes more serious when 32 ports CSI-RS is introduced.  
Since aperiodic NP CSI-RS is flexible, there are other benefits including reducing the CSI delay and better interference coordination as mentioned in [2].
Proposal 3：Introduce aperiodic non-precoded CSI-RS in Rel-14

3.2 Sharing resources by periodic and aperiodic non-precoded CSI-RS
The typical application of aperiodic NP CSI-RS in Rel-14 is to be configured for aperiodic CSI processing for both overhead and complexity reduction. For periodic CSI processing, we do not see any significant benefit to extend the current 16 ports in NP CSI-RS resource to more number of ports because the CSI is anyway coarse given the limited resource on PUCCH. eNodeB can configure a periodic NP CSI-RS with no more than 16 ports for periodic CSI processing as well as an aperiodic NP CSI-RS with up to 32 ports for aperiodic CSI processing.  To further reduce the overhead, we can consider sharing the same set of resources by aperiodic and periodic CSI-RS. e.g. If the aperiodic CSI-RS is triggered in the same subframe of periodic CSI-RS, the resource of periodic CSI-RS in that particular subframe can be reused for the aperiodic CSI-RS resource.  e.g. 16 ports periodic CSI-RS can be reused in a 32-port aperiodic CSI-RS resource.
3. Conclusion

In this contribution, we discuss the enhancements of enhanced non-precoded and beamformed CSI-RS, aperiodic CSI-RS is an promising method which should be considered as one of the CSI-RS enhancements in Rel-14.  Our proposals are summarized as below:
Proposal 1： Reduce the overhead of  non-precoded CSI-RS in Rel-14
Proposal 2： Reduce CSI processing complexity for Class A reporting in Rel-14
Proposal 3：Introduce aperiodic non-preoded CSI-RS in Rel-14
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