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1. Introduction
The WI of further enhancement on eFD-MIMO was agreed in RAN#71 [1], with objects of new CSI-RS design and mechanism for reducing the overhead of CSI-RS transmission:
· 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
In this contribution, we will provide our understanding and proposals on CSI-RS design supporting up to 32 antenna ports.

2. CSI-RS Design with Full Port Mapping
The conventional CSI-RS resource mapping configurations for normal cyclic prefix has been illustrated in Figure 1. The total 40 REs are used for 5 configurations of 8 ports CSI-RS mapping, which is also 10 configurations of 4 ports CSI-RS mapping. The CSI-RS density is 1 RE/RB/Port up to release 13. It has been agreed that CSI-RS configurations are aggregated to form new CSI-RS configurations to support 12/16 antenna ports. 


Figure 1. CSI-RS mapping to resource elements within a PRB
The new CSI-RS configurations can be designed by aggregating existing 4 ports CSI-RS configurations to support {20, 24, 28, 32} CSI-RS ports with the minimal specification changes. Our proposal can be found in Table 1.
Table 1. CSI-RS aggregation
	No. of antenna ports
	CSI-RS config type
	No. of CSI-RS configs

	20
	4 ports CSI-RS
	5

	24
	4 ports CSI-RS
	6

	28
	4 ports CSI-RS
	7

	32
	4 ports CSI-RS
	8



Proposal 1: New CSI-RS patterns supporting {20, 24, 28, 32} ports should be formed with existing 4 ports CSI-RS configurations.

However, such CSI-RS aggregation in one PRB will lead non-full power utilization problem. Generally, in order to fully use the transmission power in each OFDM symbol, the power boosting factor can be used to recover this. Also to extend the OCC length also can recover this. However since channel measurement results of several REs with OCC can be considered as an average value of individual measurements using those REs, the channel estimation accuracy may not be improved by a longer OCC sequence. 
Proposal 2: The OCC sequence should not be extended over 4, in order to guarantee the channel estimation accuracy. 

Since the CSI-RS overhead supporting 32 ports becomes much higher, the number of useable CSI-RS configurations becomes smaller than previous releases. Therefore it is more difficult to avoid inter-cell interference over CSI-RS ports and also conduct interference measurements using remaining ZP-CSI-RS ports for CSI-IM. In order to reduce the transmission overhead of CSI-RS, the density of CSI-RS can be relaxed via dividing the channel measurement of whole antenna ports into adjacent subframes or PRBs. This also can be considered as aggregating CSI-RS configurations of smaller CSI-RS ports in different subframes/PRBs to form the CSI-RS configurations of larger CSI-RS ports. 
· CSI-RS aggregation in frequency domain: The illustration of CSI-RS aggregation method to support 32 port CSI-RS has been shown in Figure 2. The CSI-RS overhead can be reduced to half as well as the CSI-RS density also reduced to be 0.5 RE/PRB/Port. However, from the wideband power utilization perspective, the power still can not be fully utilized without extending OCC length or increasing power boosting factor.
· CSI-RS aggregation in time domain: The illustration has been shown in Figure 3. Similar to CSI-RS aggregation in frequency domain, the CSI-RS overhead can be reduced to half as well as the CSI-RS density also reduced to be 0.5 RE/PRB/Port. However, from the wideband power utilization perspective, the power can be fully utilized without extending OCC length or increasing power boosting factor.
Proposal 3: CSI-RS configuration aggregation can be applied between adjacent subframes to reduce the non-full power utilization problem, and the number of CSI-RS used in each subframe should be equally scheduled as much as possible between different sub-frames.






Figure 2. CSI-RS configuration aggregation in frequency domain


Figure 3. CSI-RS configuration aggregation in time domain

3. Conclusions
This contribution provides our understanding and proposals on CSI-RS design supporting up to 32 antenna ports, and we also give our proposals on CSI-RS transmission overhead reduction method for full port mapping as well as partial port mapping methods.
Proposal 1: New CSI-RS patterns supporting {20, 24, 28, 32} ports should be formed with existing 4 ports CSI-RS configurations.
Proposal 2: The OCC sequence should not be extended over 4, in order to guarantee the channel estimation accuracy. 
Proposal 3: CSI-RS configuration aggregation can be applied between adjacent subframes to reduce the non-full power utilization problem, and the number of CSI-RS used in each subframe should be equally scheduled as much as possible between different sub-frames.
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