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1. Introduction

In RAN1#87 meeting, following several agreements and conclusion are captured in the chairman’s note as:
	Agreement:

· No additional CDM-4 pattern is supported in Rel-14.
Agreement:

· CDM-8 patterns for {24, 32} ports can be configured by aggregation of CDM-2/4 patterns from different CSI-RS configurations
· For each CSI-RS resource (i.e. RE configuration), at least one aggregated pattern that supports full power utilization is supported
· FFS until RAN1#88:

· Whether more than one aggregated pattern supporting full power utilization per CSI-RS resource (i.e. RE configuration) is supported

· Whether any patterns which do not support full power utilization are supported (subject to performance benefit being shown)
· How to specify which aggregated patterns are not supported (if any)
· Working assumption: No additional RRC parameters will be specified for indication of the CDM-8 patterns 
· Can be revisited if benefit from additional RRC parameter is shown

· RRC signaling details are FFS 

· A CDM-8 pattern is contained within 1 PRB
Conclusion:

· Companies are encouraged to study the port indexing of CDM-4 considering CSI-RS port sharing including examples R1-1611752 and R1-1611600 until RAN1#88.  
· Other examples are not precluded.



In this contribution, we further discuss the remaining issues on NP CSI-RS designs. 

2. Discussion on remaining issues on CDM-8 pattern
To ensure the coverage, CDM-8 is agreed to be supported in Rel-14 eFD-MIMO for 24- and 32-port CSI-RS. To fully exploit the benefit from CDM-8, CDM-8 pattern needs to be configured by aggregation of CDM-2/4 patterns with the full power utilization constraint. First, consider the case of 32-port CSI-RS. In this case, as shown in the Figure 1, the legacy 8-port CSI-RS can be divided into 4 CDM-2 patterns marked with alphabet {A, B, C, D}. To construct 32-port CSI-RS, 4 legacy 8-port can be configured (i.e., N=8, K=4), and then CDM-8 is comprised by the aggregation of CDM-2 patterns marked with the same alphabet within the configured 4 8-port CSI-RSs. For instance, if 32-port CSI-RS is comprised with aggregation of {0,1,2,3}-th 8-port CSI-RS configurations, CDM-8 is applied to 8-REs in {0A, 1A, 2A, 3A}, {0B, 1B, 2B, 3B}, {0C, 1C, 2C, 3C}, and {0D, 1D, 2D, 3D}. In that way, we can have 5 different CDM-8 patterns which can provide the full power utilization. 
Proposal 1: For 32-port CSI-RS in eFD-MIMO, CDM-8 patterns are configured by the aggregation of CDM-2 patterns across the same alphabet within the configured legacy 8-port CSI-RSs as shown in Figure 1.
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Figure 1. Examples of CDM-8 for 32-port CSI-RS
On the other hand, for 24-port CSI-RS, the number pattern of CDM-8 with full power utilization is limited to 1 when eNB configures 3 legacy 8-port CSI-RS configurations. That pattern is depicted in Figure 2.  This CDM-8 pattern can be considered as the aggregation of two CDM-4 patterns marked with the same alphabet. Another solution is configuring 4 legacy 8-port CSI-RS as same as 32-port cases, and selecting only 6-port (not 8-port) from the CDM-8 patterns. With this method, we can have more CDM-8 patterns with full power utilization at the expense of increased CSI-RS overhead. In our view, reducing overall CSI-RS overhead is one goal of CSI-RS design in eFD-MIMO. Thus, for 24-port CSI-RS, we prefer to have only one CDM-8 pattern depicted in Figure 2 in order to satisfy the full power utilization and maintain the same CSI-RS density as 32-port CSI-RS. 
Proposal 2: For 24-port CSI-RS in eFD-MIMO, one CDM-8 pattern is configured by the aggregation of CDM-4 patterns across the same alphabet within the configured legacy 8-port CSI-RSs as shown in Figure 2.
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Figure 2. Examples of CDM-8 for 24-port CSI-RS
3. Discussion on  port numbering
1) CDM-4
In the case of CDM-4, CSI-RS ports in Rel-13 are sequentially numbered according to the aggregated CSI-RS resources, and thus this port numbering cannot be adopted in Rel-14 if the CSI-RS resource sharing is supported. Also, port numbering rule may be diverged according to the supported Rel-14 antenna port layout. To solve this, one simple solution is to make the port numbering rule which can be adopted as many antenna configurations as it can. Then, it is up to eNB implementation whether to allow CSI-RS resource sharing or not. In this sense, we propose following port numbering rules as 
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Here, J denotes the number of N-port CSI-RS resource to be shared by legacy UE, for example, J=3 for 12-port legacy UE and J=2 for 16-port legacy UE. Figure 3 exhibits examples of port numbering rules in (1) for 20-, 24-port and Table 1 lists the applicable port combination. 
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Figure 3. Examples of CSI-RS port numbering for 20- and 24-port
Table 1. Applicable port combination with port numbering rule in (1)

	X=2N1N2
	Applicable port combination (N1,N2)

	20-port
	(5,2)

	24-port
	(3,4), (6,2), (12,1)

	28-port
	(7,2)

	32-port
	(4,4), (8,2), (16,1)


Proposal 3: Adopt port numbering rule in (1) for CSI-RS resource sharing with legacy UE.
2) CDM-8
For port numbering for 24- and 32-port CSI-RS with CDM-8, we can simply reuse the CDM-4 port numbering in Rel-13 FD-MIMO. Then, we have equation (2) as
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4. Conclusion
In this contribution, we discussed the remaining issues on 20-, 24-, 28- and 32-port CSI-RS designs for NP CSI-RS. The proposals based on the discussion are given below:
Proposal 1: For 32-port CSI-RS in eFD-MIMO, CDM-8 patterns are configured by the aggregation of CDM-2 patterns across the same alphabet within the configured legacy 8-port CSI-RSs as shown in Figure 1.
Proposal 2: For 24-port CSI-RS in eFD-MIMO, one CDM-8 pattern is configured by the aggregation of CDM-4 patterns across the same alphabet within the configured legacy 8-port CSI-RSs as shown in Figure 2.
Proposal 3: Adopt port numbering rule in (1) for CSI-RS resource sharing with legacy UE.
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