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1 Introduction
In RAN1#85 meeting, the following agreements on non-precoded CSI-RS were achieved [1]:

Agreement:
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is aggregated as follows (where Mk is the # of CSI-RS ports in a CSI-RS configuration) 
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8

· For {20, 28} ports, FFS till RAN1#86 (including possible down-selection)

· Alt 1: ∑k Mk ∈ {20, 28}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8. 

· If Mk=8 is supported, FFS the details

· Alt 2: ∑k Mk ∈ {20, 28}, Mk ∈ {4, 8}, where Mk may be different for different k

· FFS port numbering 

· FFS N vs. M

In this contribution, some considerations on NP CSI-RS design for more than 16 ports are present.
2 Discussion
2.1 Usage of non-precoded CSI-RS in R14 FD-MIMO 
According to the technical report of study on EB/ FD MIMO [2], there are mainly three kinds of transmission schemes categorized by the CSI-RS and CSI feedback:

1. Non-precoded CSI-RS-based scheme, which needs short period NP CSI-RS.
2. Beamformed CSI-RS-based scheme, which needs short period BF CSI-RS.
3. Scheme based on hybrid non-precoded CSI-RS and beamformed CSI-RS, which needs long period NP CSI-RS and short period BF CSI-RS.
For FD-MIMO with more than 16 ports, the main problem of NP CSI-RS-based scheme is that the CSI-RS overhead cannot be neglected.  The approximate NP CSI-RS overhead for different number of antenna ports are listed in table 1. Here, we assume 108 available REs per PRB (3 symbols for PDCCH 2 CRS ports and 2 DMRS ports), 5ms CSI-RS periodicity and 1 or 3 cell reuse of CSI-RS. From the table, we can see that NP CSI-RS overhead of 32 ports is significant (~6% in 1 cell reuse case, and ~18% in 3 cell reuse case).  
Table 1: Non-precoded CSI-RS Overhead
	#CSI-RS Ports
	8
	16
	32
	64

	CSI-RS Overhead (1 cell reuse)
	~1.5%
	~3%
	~6%
	~12%

	CSI-RS Overhead (3 cell reuse)
	~4.5%
	~9%
	~18%
	~36%


Considering the overhead, it is suggested that NP CSI-RS with more than 16 ports is mainly adopted by scheme based on hybrid NP and BF CSI-RS to derive UE’s long-term channel directional information. In this case, NP CSI-RS overhead is not a problem since its transmission period is long. 
Observation 1: NP CSI-RS overhead is not a problem if non-precoded {20,24,28,32}-port CSI-RS is mainly used in scheme based on hybrid NP and BF CSI-RS.
2.2 Non-precoded CSI-RS design in R14 FD-MIMO
Taking into account the CSI-RS overhead and channel measurement accuracy, R13 supports {2, 4, 8, 12, 16} ports CSI-RS with a density of 1 RE/port/PRB. This density for NP {20, 24, 28, 32}-port CSI-RS should also be considered in R14 FD-MIMO in order to guarantee the channel measurement accuracy, at least when NP {20, 24, 28, 32}-port CSI-RS is used in schemes based on hybrid NP and BF CSI-RS. 
Proposal 1: 1 RE/port/PRB for {20, 24, 28, 32}-port CSI-RS should be supported in R14 FD-MIMO in order to guarantee the channel measurement accuracy at least for hybrid RS operation.
If scheme based on NP {20, 24, 28, 32}-port CSI-RS would be supported in R14 FD-MIMO, the CSI-RS overhead needs to be reduced. In this case, the density should be carefully decided in order to maintain the channel measurement accuracy. One design method is to accommodate X {20,24,28,32}-port CSI-RS in adjacent Y PRBs, where X<Y, which means the density is X/Y. X and Y could be carefully decided to provide a trade-off between system performance and CSI-RS overhead. Figure 1 shows an example for 32-port CSI-RS with a density of 0.75 RE/port/PRB. In this example, there are three complete 32-port CSI-RS in every four PRBs.
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Figure 1
Proposal 2：If a density less than 1 RE/port/PRB needs to be supported for {20,24,28,32}-port CSI-RS, it should be considered to accommodate X {20,24,28,32}-port CSI-RS in adjacent Y PRBs, where X<Y, which means the density is X/Y. X and Y could be carefully decided to provide a trade-off between system performance and CSI-RS overhead.
3 Conclusion

In this contribution, some considerations on non-precoded CSI-RS in R14 FD-MIMO are present. It is proposed that:

Observation 1: NP CSI-RS overhead is not a problem if non-precoded {20,24,28,32}-port CSI-RS is mainly used in schemes based on hybrid NP and BF CSI-RS.
Proposal 1: 1 RE/port/PRB for {20, 24, 28, 32}-port CSI-RS should be supported in R14 FD-MIMO in order to guarantee the channel measurement accuracy at least for hybrid RS operation.
Proposal 2：If a density less than 1 RE/port/PRB needs to be supported for {20,24,28,32}-port CSI-RS, it should be considered to accommodate X {20,24,28,32}-port CSI-RS in adjacent Y PRBs, where X<Y, which means the density is X/Y. X and Y could be carefully decided to provide a trade-off between system performance and CSI-RS overhead.
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