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1 Introduction  
FD MIMO as a key feature of R13 has significantly increased the cell coverage and throughput by taking the advantage of utilizing up to 16 antenna ports. The WID [1] for eFD-MIMO in R14 has proposed to further extend the antenna port number to 32 as follows to obtain better benefits of AAS. 
· 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 present our views on the potential CSI-RS enhancements regarding the specification work for up to 32 ports.
2 Discussion on CSI-RS pattern design up to 32 ports 
In R13, the design principle for the new introduced 12 and 16 ports CSI-RS pattern is aggregating multiple existing smaller granularity of CSI-RS port patterns in one PRB pair.12 port CSI-RS pattern is aggregated by three CSI-RS patterns of 4 ports, and 16 ports CSI-RS pattern is aggregated with two CSI-RS patterns of 8 ports in one PRB pair. However, with increasing of antenna ports, the CSI-RS overhead issue will be more serious. The CSI-RS design principle in R13 is not easily to extend to the case with up to 32 antenna ports without any particular considerations. In addition, it is also important to ensure that the CSI-RS pattern design does not incur notable performance loss if the power on CSI-RS REs cannot be boosted to fully utilize the available transmit power due to e.g. PA linearity issues.
Thus, the CSI-RS pattern design for more than 16 ports should consider the following design criteria

· Overhead reduction

· Full power utilization efficiency
The straightforward scheme for CSI-RS pattern design is to use the full port mapping in one PRB pair. As illustrated in Figure 1, 32 CSI-RS ports pattern is aggregated by four CSI-RS patterns of 8 ports and mapped into one PRB pair. However, it will lead to 4.84% overhead considering 5ms CSI-RS periodicity which consumes significant resources for PDSCH and degrade the throughput. In addition, as shown in Figure 1, due to the limitation of legacy CSI-RS resources, it will lead to unequal CSI-RS port locating at different OFDM symbol pairs. In consequence, the unbalanced port allocation can not guarantee the full power utilization. Thus full port mapping in one PRB pair is not a good choice from the perspective of overhead reduction and power utilization.

Observation 1: For up to 32 ports CSI-RS configuration, full port CSI-RS mapping in one PRB pair will lead to 4.84 % overhead.
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Figure 1.Full port mapping in one PRB pair for 32 ports CSI-RS
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Figure 2.Non overlapping FDMed port mapping in two PRB pair for 32 ports CSI-RS
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Figure 3. Non overlapping TDMed port mapping in two PRB pair for 32 ports CSI-RS

To reduce the overhead, one alternative way is to evenly distribute all the CSI-RS ports of one CSI-RS configuration into multiple PRB pairs and map only partial CSI-RS ports out of the total CSI-RS ports in one PRB pair. Figure 2 and Figure 3 show that 32 ports CSI-RS are divided into two groups and each group of the CSI-RS consisted of 16 ports is mapped into one PRB pair. This scheme can reduce the CSI-RS overhead by half comparing with full port mapping method in one PRB pair. However, as the density of CSI-RS decreases to 0.5RE/PRB pair, it will degrade the channel estimation accuracy. 

Observation 2: Reducing the density to 0.5 RE/PRB pair will significantly degrade the channel estimation accuracy.
The partial overlapping CSI-RS port mapping can achieve a trade off between the channel estimation accuracy and overhead reduction as shown in Figure 4.
For instance, 32 CSI-RS ports are divided into 4 groups, and each group consist of 8 ports. Then the 4 groups are cyclically mapped into the PRB pairs across the frequency domain in the increasing order. In each two adjacent PRB pairs, there are two overlapping CSI-RS groups and one different CSI-RS group. In PRB pair 0 and PRB pair 1, they have the overlapping CSI-RS ports group with group 2 and group 3. For this scheme, the density of CSI-RS is 0.75RE/PRB pair, and the overhead is 24 REs in each PRB pair. By applying the cyclic mapping method in frequency domain, all the CSI-RS ports can be cyclically transmitted in the same OFDM symbol. It is beneficial to ensure the full power utilization. Comparing with the full port CSI-RS mapping method and non overlapping CSI-RS mapping method, the partial overlapping and cyclic CSI-RS mapping scheme can achieve moderate overhead reduction benefit with marginal degradation of CSI measurement and full power utilization effect. 
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Figure 4. Partial overlapping and cyclic port mapping for 32 ports CSI-RS
According to the above analysis, we have the following proposals for the non-precoded CSI-RS pattern design:

 Proposal 1: The partial overlapping and cyclic CSI-RS mapping scheme should be supported for CSI-RS pattern design for {20, 24, 28, 32}. 
3 Conclusions
In the contribution, we give our views on 32 ports CSI-RS pattern design. And we have the following observation and proposals: 

Observation 1: For up to 32 ports CSI-RS configuration, full port CSI-RS mapping in one PRB pair will lead to 4.84 % overhead.

Observation 2: Reducing the density to 0.5 RE/PRB pair will significantly degrade the channel estimation accuracy.
Proposal: The partial overlapping and cyclic CSI-RS mapping scheme can achieve moderate overhead reduction benefit with marginal degradation of CSI measurement and full power utilization effect. It should be supported for CSI-RS pattern design for {20, 24, 28, 32}.  
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