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1 Introduction
In 3GPP RAN#71, the WID of Enhancements on Full-Dimension MIMO for LTE (eFD-MIMO) was approved with the following objectives for reference signal enhancements [1]:

· 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

· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 

· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 

In this contribution, we discuss the non-precoded {20, 24, 28, 32} ports NZP CSI-RS design for eFD-MIMO.
2 Discussion
For CSI-RS design, there are two things to be considered. The first is the mapping of CSI-RS port to physical antenna elements. Generally, it is implicitly determined by the associated codebook. For example, for Rel-13 12/16-ports CSI-RS, the mapping order is firstly on the 2nd dimension indicated by the codebook parameter N2, then on the first dimension indicated by N1, then polarization. Therefore, it is possible that for same physical element array, different (N1, N2) configuration may result in different CSI-RS port mapping to elements as shown below for 12-ports CSI-RS. For {20, 24, 28, 32} NZP CSI-RS, the same principle can be applied and there is no need for additional specification on CSI-RS port mapping to physical antenna elements. Also following the legacy, the port numbers for Rel-14 CSI-RS are given by 15, 16 …, 14+N with N = {20, 24, 28, 32}.
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Figure 1. Example of CSI-RS port indexing and mapping to physical antenna elements for 16-ports CSI-RS 

Proposal 1: For {20, 24, 28, 32} CSI-RS ports, the port numbers are given by 15, 16 … 14+N with N = {20, 24, 28, 32}. 

The second design consideration is the configuration of resource elements (REs) to CSI-RS ports and the associated mapping. In Rel-13, a 12 or 16-ports CSI-RS resource is composed as an aggregation of K Rel-12 CSI-RS resource configurations of the same antenna ports as shown in Table 1 below. The benefit is to reduce the specification effort to define a new CSI-RS pattern, and provide a flexibility for eNB to configure the REs for CSI-RS transmission.
Table 1: Configuration of 12 and 16-ports CSI-RS

	Total number of 
CSI-RS ports
	Number of antenna ports per resources (N)
	Number of CSI-RS resources (K)

	12
	4
	3

	16
	8
	2


For the design of Rel-14 {20, 24, 28, 32} CSI-RS ports, the same resource aggregation approach can be adopted. As a result, a Rel-14 CSI-RS is an aggregation of multiple 4-ports or 8-ports CSI-RS configurations. An example of aggregation of CSI-RS resources with Nk=4/8 for 20 and 32 CSI-RS ports is shown in Table 2 below.
Table 2: Aggregation of CSI-RS resources for 20 and 32-ports CSI-RS with Nk=4/8
	Total number of 
CSI-RS ports
	Number of antenna ports per resources (Nk)
	Number of CSI-RS resources (K)

	20
	4
	5

	32
	8
	4


As specified in the WID, one of the design targets for Rel-14 non-precoded CSI-RS ports is to reduce the overhead for CSI-RS transmission. Therefore, for a cell with different types of UE supporting different number of CSI-RS ports, it is preferable to share the REs among multiple CSI-RS resources of different number of ports. In other words, for a cell configuring with 8, 12, 16 and 32 CSI-RS ports for different types of UEs, the total CSI-RS overhead is not necessarily a sum of CSI-RS ports of all the configured CSI-RS resources. RE sharing among Rel-12, Rel-13 and Rel-14 CSI-RS ports is an efficient solution to reduce the total CSI-RS overhead in a cell. However, if a 20-ports CSI-RS is based on resource aggregation as defined in Table 2, the RE sharing with a Rel-13 CSI-RS may not fully supported since some physical antenna are mapped to different REs according to the 16 and 20-ports CSI-RS resource configurations. For example, as shown in Figure 2, the full array (2, 5, 2) is configured as a 20-ports CSI-RS for Rel-14 UE and a subarray with antenna indices 0-7 and 10-17 is configured as a 16-ports CSI-RS for Rel-13 UE. Following the same port numbering method as in Rel-13, each column of 4 cross polarized antennas is mapped to a 4-port CSI-RS resource configuration for 20-ports CSI-RS. For 16-ports CSI-RS, the first two columns of 8 cross polarized antennas are mapped to one 8-ports CSI-RS resource, and the next two columns of 8 cross polarized antennas are mapped to another 8-ports CSI-RS resource. Assuming the two 8-ports CSI-RS configurations are assigned with same REs as the four 4-ports CSI-RS configurations used for 20-ports CSI-RS, it can be seen from Figure 2 that antenna {2, 3, 6, 7, 10, 11, 14, 15} are mapped to different REs according to the 16-ports and 20-ports CSI-RS resource configurations.
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Figure 2. Example of RE mapping for 16-ports and 20-ports CSI-RS 
To support RE sharing between Rel-14 and Rel-13 CSI-RS ports, we propose that a CSI-RS resource for {20, 24, 28, 32} ports is composted as an aggregation of multiple Rel-12 and Rel-13 CSI-RS configurations with Nk ∈ {4, 8, 12, 16}. For the above example, if a 20-ports CSI-RS resource consists of a 16-ports CSI-RS configuration and a 4-ports CSI-RS configuration, the RE sharing between 20-ports and 16-ports CSI-RS is straightforward.
Proposal 2: To support RE sharing with Rel-13 12/16-ports CSI-RS, a CSI-RS resource of {20, 24, 28, 32} ports is composed as an aggregation of multiple Rel-12 and Rel-13 CSI-RS configurations with Nk ∈ {4, 8, 12, 16}. 

For {20, 24, 28, 32} CSI-RS, it needs to determine whether all the ports are mapped to the same subframe as legacy or not. To reduce CSI-RS overhead in one subframe, it was proposed to spread some CSI-RS ports of a CSI-RS resource into multiple subframes. However, the phase drifting between two CSI-RS ports could be large if they are mapped to REs that are widely separated on time domain. Assuming a residual frequency error is about ±20Hz, the potential phase drifting can be up to 15° for CSI-RS ports mapped to two consecutive subframes, which would degrade CSI-RS channel estimation performance. Other drawbacks are also observed for time domain spreading of CSI-RS ports. For example, it has an impact on PDSCH/EPDCCH rate matching if a legacy UE is configured with only one ZP CSI-RS. Measuring CSI-RS ports in different subframes also has an impact on DRX mode since it increases the wakeup duty cycle requirement and reduces the UE battery life. Therefore, all CSI-RS ports of a CSI-RS resource shall be mapped to the same subframe same as in Rel-13. 
Proposal 3: For {20, 24, 28, 32} CSI-RS ports, all the CSI-RS ports of a CSI-RS resource shall be transmitted in the same subframe. 

Currently the CSI-RS density is 1 RE/RB/port. There are up to 40 REs in one RB available for CSI-RS. Therefore it shall be possible to transmit {20, 24, 28, 32} CSI-RS ports in one subframe with a density of 1RE/RB/port. A lower density such as 0.5 RE/RE/port can be achieved via frequency or spatial domain subsampling so that the overall CSI-RS overhead is not increased as compared to Rel-13. However, the reduced CSI-RS density will degrade CSI-RS channel estimation accuracy, especially for cell edge UEs. A low density is thus not preferable for Rel-14 CSI-RS.

Proposal 4: CSI-RS density of 1RE/RB/port is used for {20, 24, 28, 32} CSI-RS ports. 

For 12 and 16 ports CSI-RS, the CDM length is configurable between 2 and 4. The CDM length 4 is targeted for full power utilization to improve the CSI-RS coverage. The use of CDM length 2 and 4 shall be maintained for Rel-14 CSI-RS. However, it shall be noted that full power utilization is not achieved for {20, 24, 28, 32} CSI-RS ports even configured with a CDM length 4. For example, there is a 3dB coverage loss for 32 ports compared to 16-ports CSI-RS. Therefore, for 24 and 32-ports CSI-RS which can be composted of multiple 8-ports CSI-RS configurations, it shall be determined also whether to use a CDM length 8 to achieve full power utilization.
Proposal 5: It should be determined whether the CDM length 8 is needed for 24 and 32 ports CSI-RS to achieve full power utilization. 

3 Conclusions
In summary, we discuss the non-precoded CSI-RS design aspects for {20, 24, 28, 32} ports CSI-RS for eFD-MIMO. We make the following proposals: 
Proposal 1: For {20, 24, 28, 32} CSI-RS ports, the port numbers are given by 15, 16 … 14+N with N = {20, 24, 28, 32}. 

Proposal 2: To support RE sharing with Rel-13 12/16-ports CSI-RS, a CSI-RS resource of {20, 24, 28, 32} ports is composed as an aggregation of multiple Rel-12 and Rel-13 CSI-RS configurations with Nk ∈ {4, 8, 12, 16}. 

Proposal 3: For {20, 24, 28, 32} CSI-RS ports, all the CSI-RS ports of a CSI-RS resource shall be transmitted in the same subframe. 

Proposal 4: CSI-RS density of 1RE/RB/port is used for {20, 24, 28, 32} CSI-RS ports. 

Proposal 5: It should be determined whether the CDM length 8 is needed for 24 and 32 ports CSI-RS to achieve full power utilization. 
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