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1. Introduction
In FD-MIMO, the progresses on CSI-RS design are achieved as follows [1]: 
· 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 document, we share our views on CSI-RS design for eFD-MIMO.

2. CSI-RS design
1.1 {24, 32} ports CSI-RS
For {24, 32} ports, the same Mk = M is used for all k. There are two options as listed in the following table:
Table 1 Aggregation of CSI-RS configurations for{24, 32} ports
	Total number of antenna ports 
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	Number of antenna ports per resources 
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	Number of CSI-RS resources 
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	24 
	8 
	3 

	
	4 
	6 

	32 
	4 
	8 

	
	8 
	4 


Both 4 ports and 8 ports can constitute {24, 32} antenna ports. Aggregating the fewer number of CSI-RS configurations can reduce UE complexity. Signalling overhead also can be decreased. From this perspective, Mk=8 is preferred.

Proposal 1: For {24, 32}: Mk=8 is supported.

1.2 {20, 28} ports CSI-RS 
For {20, 28} ports, there are two options as listed in Table 2. For option 1 the {20, 28} constitution is from the same antenna ports Mk, while option 2 is from different Mk. Similar to the above design, Option2 has the fewer number of configurations. Moreover, the combination of 8 or 4 ports shows more flexibility than Option 1. Thus option 2 is preferred slightly.
Table 2 Aggregation of CSI-RS configurations for {20, 28} ports
	Total number of antenna ports
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	Number of CSI-RS resources
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	20 
	Alt1 
	4 
	5 

	
	Alt2 
	8+4 
	2+1 

	28 
	Alt1 
	4 
	7 

	
	Alt2 
	8+4 
	3+1 


Proposal 2: For {20, 28} ports CSI-RS, Alt 2 is supported.  

1.3 non-precoded CSI-RS design
For Rel-14 CSI-RS design, some methods can support {20, 24, 28, 32} CSI-RS ports. The advantages and disadvantages are listed in the following table. 
Table 3 Pros. and Cons. for different CSI-RS design
	
	Pros.
	Cons.

	FDM: 


	CSI-RS overhead is reduced. (0.5 RE/PRB/Port).
	It is sensitive to frequency selective channel. Can’t be shared by legacy UE. The OCC-8 is required for full power transmission.

	TDM: 

	Can be shared by legacy UE. 


	It is sensitive to time varying channel. No overhead reduction from a CSI-RS transmission period perspective. 

	Partial port: 

	The codebook dimension is reduced.
	Only partial CSI information can be obtained by eNB.

	Partial port overlapping: 

	CSI-RS overhead is reduced. 


	Can’t be shared by legacy UE, Singling design is complicated. 

	MR: 

	CSI-RS overhead is reduced. Higher flexibility can be obtained.
	Can’t be shared by legacy UE. Singling overhead is increased.


From above analysis, we think FDM is natural CSI-RS ports extension manner. For performance loss due to less CSI-RS density, some improvement method can be considered. Taking 24 ports as an example, 8 ports can be transmitted in all PRB, which maintain 1 RE/PRB/Port. Other 16 ports can be transmitted in odd or even PRB with 0.5 RE/PRB/Port density. 
Proposal 3: FDMed CSI-RS ports are preferred. Performance improvement method can be considered. For example, different CSI-RS ports density is configured.
3. Conclusions

In this document, we discussed CSI-RS design for eFD-MIMO. We suggest:

Proposal 1: For {24, 32}: Mk=8 is supported.
Proposal 2: For {20, 28} ports CSI-RS, Alt 2 is supported.
Proposal 3: FDMed CSI-RS ports are preferred. Performance improvement method can be considered. For example, different CSI-RS ports density is configured.
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