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1 Introduction

In RAN Plenary Meeting #68, Elevation Beamforming/FD-MIMO for LTE has been approved as a new working item for RAN1, and the main objectives of this WI can be found the WID [1]:
The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. The detailed objectives are as follows. 

· 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
· Beamformed CSI-RS

· SRS capacity improvement

· Support for SRS transmission with 4TX antennas as a second priority

· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

· Specify higher layer support of enhancements listed above [RAN2]

· Specify the necessary UE (if any) core requirements [RAN4]

Impact on UE and eNB complexity should be taken into account. 

eNB core requirements for EBF/FD-MIMO with active antennas will be specified in the AAS WI [AAS_BS_LTE_UTRA]. RAN4 should identify until RAN#69 whether there is a need for additional eNB core requirements that are not addressed in the AAS WI. 

In order to support CSI measurements for non-precoded CSI-RS schemes with more than 8 antenna ports, i.e. 12 and 16 ports, the existing CSI-RS resource configurations should be extended or modified to accommodate more antenna ports. This contribution provides some of our views on how the existing CSI-RS resources can be configured to fulfil such requirements.  
2 Aggregated CSI-RS Resources
There are at maximum 40 resource elements per PRB that are available for CSI-RS allocation. To avoid mutual interference among different antenna ports during channel measurements, orthogonal resources are used for different CSI-RS ports. In particular, FDM and CDM are jointly used to multiplex CSI-RS. For cases with 2, 4, and 8 antenna ports, the number of antenna ports is equivalent to the number of REs required for one CSI-RS resource configuration, as shown in Figure 1. There are 20, 10, and 5 possible resource configurations for cases with 2, 4, and 8 ports respectively. 
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Figure 1: Possible CSI-RS resource configurations for 2 ports (left), 4 ports (middle), and 8 ports (right).
To support CSI measurements for more than 8 ports, this is intuitive to aggregate more than one CSI-RS resources supported by the existing specifications. For instance, a CSI-RS resource consisted of one 8-ports resource and one 4-ports resource can be jointly used for cases with 12 ports (8 + 4 = 12). Similarly, two 8-ports resources can be aggregated for channel measurements with 16 antenna ports. There are two alternatives for aggregated CSI-RS resources configurations:
Alternative 1: Multiple component legacy CSI-RS resources are separately configured, and the UE can autonomously aggregate these configured component configurations upon CSI measurements and derivations for cases with 12 and 16 antenna ports. This is similar to CSI-RS configurations for multiple CSI processes, but the UE should perform CSI measurements by treating these multiple configured CSI-RS resources as a whole.
Alternative 2: Define new CSI-RS resource configurations for 12 and 16 antenna ports that are based on aggregation of legacy CSI-RS resource configurations.
The differences of Alternatives 1 and 2 are illustrated in Figure 2.

Since Alternative 1 can reuse the CSI-RS resource configuration mechanisms for CSI processes in TM10, the only required specification change would be the UE behavior. Moreover, Alternative 1 is probably more flexible for cases where the number of antenna ports changes over time. For example, for hybrid schemes of non-precoded CSI-RS and beamformed CSI-RS, the number of antenna ports can be different in different time instances. Note that in this WI, the number of antenna ports is limited to 8 for beamformed CSI-RS cases, while the number of antenna ports can goes up to 16 for non-precoded CSI-RS. Hence, with two separate CSI-RS resource configurations as in Alternative 1, the aggregated CSI-RS resource is used for non-precoded CSI-RS sessions, and only one of these configured CSI-RS resources is leveraged for CSI-RS transmission in beamformed CSI-RS sessions. This concept is illustrated in Figure 3.
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Figure 2: Examples of aggregated CSI-RS resource configuration for 12 ports: Alt. 1 (left) seperately configures two legacy CSI-RS resource configurations of 8-ports and 4-ports respectively, while Alt. 2 (right) configures a single CSI-RS resource for 12 antenna ports. 
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Figure 3: Hybrid schemes of non-precoded CSI-RS and beamformed CSI-RS may require flexible CSI-RS resource configuration as the number of antenna ports changes over time. Alternative 1 of CSI-RS aggregation (separate configuration) may provide such flexibility.
Proposal: 
To support CSI-RS resource configurations for more than 8 antenna ports (e.g. 12 or 16 ports), the following two alternatives can be considered:

Alternative 1: Multiple component legacy CSI-RS resources are separately configured, and the UE can autonomously aggregate these configured component configurations upon CSI measurements and derivations for cases with 12 and 16 antenna ports. This is similar to CSI-RS configurations for multiple CSI processes, but the UE should perform CSI measurements by treating these multiple configured CSI-RS resources as a whole.
Alternative 2: Define new CSI-RS resource configurations for 12 and 16 antenna ports that are based on aggregation of legacy CSI-RS resource configurations.
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