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1. Introduction

At the RAN#68 meeting, the work item on elevation beamforming/full-dimension MIMO(EB/FD-MIMO) was approved and one of objectives in EB/FD-MIMO is related to CSI-RS enhancements as below [1]:
- Specify enhancements on reference signal in the following areas [RAN1]

▪ Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
At the RAN1#82 meeting, potential CSI-RS enhancements for EB/FD-MIMO has been discussed and the following agreements are agreed for NZP CSI-RS resource configuration [2]:
- Design principle for 12- and 16-port NZP CSI-RS resources in Rel-13: 
▪ CSI-RS density of 1RE/RB/port is maintained
▫ FFS on lower density

▪ Only existing 40 CSI-RS REs per PRB pair are reused for 12- and 16-port NZP CSI-RS resources

▪ 12- or 16-port NZP CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe

▫  FFS on configuration details

▫  FFS on CDM length

▪ FFS on improvement of 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs

▪ FFS on CSI-RS transmission in DwPTS
In this contribution, we will discuss details on 12- and 16-port NZP CSI-RS resource configuration for FD-MIMO based on above agreements and provide our view.

2. 12- and 16-port NZP CSI-RS resource configuration
Legacy NZP CSI-RS configuration within a subframe is indicated by 5 bits RRC signalling(=resouceConfig). One NZP CSI-RS RE position within a subframe is indicated by the resouceConfig, and the other NZP CSI-RS RE positions within a subframe are determined by an equation in section 6.10.5.2 of [3] for a given number of antenna ports. The NZP CSI-RS REs within a subframe and PRB pair can be expressed as Figure 1.
As agreed in RAN1#82 meeting, 12- or 16-port NZP CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe. But, configuration details are FFS, i.e., how to aggregate and signal NZP CSI-RS REs from multiple legacy CSI-RS configurations. For this, following 4 alternatives could be considered.
Alt. 1: Two legacy CSI-RS configurations are aggregated with signaling of two resourceConfig
- For 12-port NZP CSI-RS resource configuration
▪ 8REs indicated by 1st resourceConfig (corresponds to legacy 8-port NZP CSI-RS configuration)
▪ 4REs indicated by 2nd resourceConfig (corresponds to legacy 4-port NZP CSI-RS configuration)
- For 16-port NZP CSI-RS resource configuration

▪ 8REs indicated by 1st resourceConfig (corresponds to legacy 8-port NZP CSI-RS configuration)
▪ 8REs indicated by 2nd resourceConfig (corresponds to legacy 8-port NZP CSI-RS configuration)
Alt. 2: Two legacy CSI-RS configurations are aggregated with signaling of one resourceConfig
- For 12-port NZP CSI-RS resource configuration

▪ 8REs indicated by resourceConfig (corresponds to legacy 8-port NZP CSI-RS configuration)
▪ 4REs linked with the signaled resourceConfig (corresponds to legacy 4-port NZP CSI-RS configuration)
▫ e.g. Table 1: one of examples for linkage between legacy 8-port and 4-port NZP CSI-RS configurations
- For 16-port NZP CSI-RS resource configuration

▪ 8REs indicated by resourceConfig (corresponds to legacy 8-port NZP CSI-RS configuration)
▪ 8REs linked with the signaled resourceConfig (corresponds to legacy 8-port NZP CSI-RS configuration)
▫ e.g. Table 2: one of examples for linkage between two legacy 8-port NZP CSI-RS configurations
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Note: number→CSI-RS configuration number,  a→AP 15/16, b→AP 17/18, c→AP 19/20, d→AP 21/22
Figure 1: legacy NZP CSI-RS REs 
Table 1: one of examples for linkage between legacy 8-port and 4-port NZP CSI-RS configurations
	CSI reference signal configuration
for 8 AP CSI-RS (normal CP)
	CSI reference signal configuration

for 4 AP CSI-RS (normal CP)

	configuration 0
	configuration 4

	configuration 1
	configuration 2

	configuration 2
	configuration 3

	configuration 3
	configuration 1

	configuration 4
	configuration 0

	configuration 20
	configuration 21

	configuration 21
	configuration 22

	configuration 22
	configuration 20


Table 2: one of examples for linkage between two legacy 8-port NZP CSI-RS configurations
	CSI reference signal configuration
for 8 AP CSI-RS (normal CP)
	CSI reference signal configuration

for 8 AP CSI-RS (normal CP)

	configuration 0
	configuration 4

	configuration 1
	configuration 2

	configuration 2
	configuration 3

	configuration 3
	configuration 1

	configuration 4
	configuration 0

	configuration 20
	configuration 21

	configuration 21
	configuration 22

	configuration 22
	configuration 20


Alt. 3: 32-bit bit-map configuration
- Instead of resourceConfig, 32-bit bit-map is signaled to indicate 12- or 16-port NZP CSI-RS REs
▪ each bit corresponds to legacy 2-port NZP CSI-RS configuration
Alt. 4: 16-bit bit-map configuration
- Instead of resourceConfig,16-bit bit-map is signaled to indicate 12- or 16-port NZP CSI-RS REs
▪ each bit corresponds to legacy 4-port NZP CSI-RS configuration
Among 4 alternatives, Alt. 2 could be preferred if no RRC impact is considered. On the other hand, Alt. 3 or Alt. 4 could be preferred if more flexibility on NZP CSI-RS RE configuration is considered
Proposal 1: 

For configuration details on 12- or 16-port NZP CSI-RS REs obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe, one of following 4 alternatives could be considered.
 - Alt 1. Two legacy CSI-RS configurations are aggregated with signalling of two resourceConfig
 - Alt 2. Two legacy CSI-RS configurations are aggregated with signalling of one resourceConfig
 - Alt 3. 32-bit bit-map configuration
 - Alt 4. 16-bit bit-map configuration
The other remaining issue on 12- or 16-port NZP CSI-RS configuration is a CDM length. legacy NZP CSI-RS uses lenth-2 OCC to distinguish AP 15/16 or 17/18 or 19/20 or 21/22. On the other hand, time-domain length-4 OCC could be applied for 16-port NZP CSI-RS configuration or 2D(time/frequency-domain) length-4 OCC could be applied for 12- or 16-port NZP CSI-RS configuration. However, some restrictions on NZP CSI-RS configuration could be considered because 4 consecutive symbols are needed to apply time-domain lengh-4 OCC or two adjacent subcarrier are needed to apply 2D(time/frequency-domain) length-4 OCC. Furthermore, if we consider additional specification impacts, it is better to use lenth-2 OCC for 12- or 16-port NZP CSI-RS configuration.
Improvement of 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs is also one of remaining issues. If we consider increased overhead by 12- or 16-port NZP CSI-RS configuration, the additional CSI-RS resources could be needed. However, if we consider the additional impacts with the other existing signals within a subframe, it is better to allow CSI-RS transmission in DwPTS.
Proposal 2: 

To improve available REs for CSI-RS, CSI-RS transmission in DwPTS could be considered.
3. Conclusion

In this contribution, we discussed details on 12- and 16-port NZP CSI-RS resource configuration for FD-MIMO and provided our view with following our proposal:

Proposal 1: 

For configuration details on 12- or 16-port NZP CSI-RS REs obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe, one of following 4 alternatives could be considered.

 - Alt 1. Two legacy CSI-RS configurations are aggregated with signalling of two resourceConfig
 - Alt 2. Two legacy CSI-RS configurations are aggregated with signalling of one resourceConfig
 - Alt 3. 32-bit bit-map configuration

 - Alt 4. 16-bit bit-map configuration

Proposal 2: 

To improve available REs for CSI-RS, CSI-RS transmission in DwPTS could be considered.
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