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3
Justification *

As various applications of smart phones and multimedia wireless communications become increasingly popular, drastic increase of wireless data traffic is being observed. In LTE and LTE-Advanced, MIMO was identified as one of the key technologies to address these capacity demands, and the current state of art MIMO technologies in LTE-Advanced supports  eight transmit antenna ports at the base station side. On the other hand, it was recently discovered that significant capacity improvement can potentially be achieved by introducing more than eight, e.g., 16, 32, or 64, transmit antenna ports at an eNode B site in the form of a two-dimensional array thanks to the development of active antenna system (AAS) technologies. 

In the two-dimensional antenna array with AAS technologies, each antenna port has its own power amplifier and hence it is possible to have independent control of the amplitude and phase of the signal transmitted by each transmit antenna port. This enables various 3D MIMO technologies to improve system capacity by using a large number of transmit antenna ports at an eNodeB site whereas the number of UE receive antennas doesn’t need to be increased beyond what is defined in LTE/LTE-Advanced. Some example MIMO technologies are 3D beamforming, 3D SU-MIMO, and 3D MU-MIMO. 
In order to develop technologies accommodating drastic increase of wireless data traffic, it is necessary to understand the performance benefit that can be achieved by MIMO technologies using a two-dimensional antenna array with large number of antenna ports. 

4
Objective *

The study aims to understand performance benefit of MIMO schemes with two-dimensional antenna arrays with more than eight antenna ports. The numbers of antenna ports considered in the study can be {16, 32, 64}, where even higher number of antenna ports can also be considered.
Detailed objectives are as follows:
· Identify antenna configurations to be considered for feasibility study.
· Decide whether other numbers of antenna ports than {16, 32, 64} will be considered.
· Identify target operating frequency range considering practical antenna size limitations.
· Evaluate performance benefits of possible transmission schemes with two-dimensional antenna array at the eNodeB transmitter, such as 3D beamforming, 3D SU-MIMO, and 3D MU-MIMO, taking into account the discussion on three-dimensional channel model.
· Consider realistic simulation assumptions as follows:

· Full buffer as well as finite-buffer
· Both indoor-centric and outdoor-centric UE distribution

· UE distribution in three dimensions
· Feedback mechanisms for two-dimensional antenna array, e.g., codebook based and/or channel reciprocity based, etc. 
· Realistic parameter estimation by the UE

· DL reference signal overhead

· UL feedback overhead
· Evaluate the performance impact of:

· eNB antenna calibration errors (time and phase)

· Evaluate the need for UE assisted antenna calibration methods

· eNB antenna coupling and correlation
· Decide the set of numbers of antenna ports to be supported taking into account the performance evaluation results. 
· Recommend design principles for MIMO schemes with two-dimensional antenna arrays targeting support of a scalable number of antenna ports, taking into account:

· High data-consumptive applications such as video streaming, for both macro and small-cell situations
· Means to ensure the coverage of common control channels
· Means to ensure matching uplink coverage
· RRM measurements and procedures with large number of antenna ports
· Cell edge improvement and interference reduction
· Overheads for reference signals and feedback
· Impact on legacy UEs
· UE complexity
· Identify potential specification impact required for implementing the MIMO schemes that would provide the identified performance benefits for the following areas.
· Reference signal design

· Codebook and feedback mechanism
· TDD reciprocity based operation
· Control signalling
· RF requirements

Initial work plan is as follows:
· Start discussion in RAN WG1 after RAN#59.

· Until RAN#61:

· Identify two-dimensional antenna array configurations to be considered for feasibility study.

· The numbers of antenna ports to be considered for feasibility study are {16, 32, 64}. 

· Decide whether other numbers of antenna ports will be considered. 

· Decide other antenna-related parameters such as beamwidth, antenna spacing, polarization, etc. for the purpose of evaluation.
· Decide the target operating frequency range. 
· Agree on a performance evaluation scenario(s) and methodology.

· Discuss an initial set of performance evaluation results. 

· Until RAN#62:

· Discuss possible MIMO schemes with the identified antenna configurations.
· Continue performance evaluation taking into account the agreed scenario(s) and methodology. 

· Until RAN#63:
· Develop detailed understanding of overall system operation with a large number of antennas including reference signals, codebook and feedback mechanism, control signalling, coverage of common control channels, RRM measurement, etc. 
· Present the technical report of feasibility study for information at RAN#63.

· Until RAN#64:

· Conclude on the performance evaluation results. 

· Decide the set of numbers of antenna ports to be supported by specifications taking into account the performance evaluation results.

· Recommend design principles for MIMO schemes with two-dimensional antenna array targeting support of scalable number of antenna ports.

· Identify potential specification impact required for implementing the MIMO schemes that would provide the identified performance benefits.

· Approve the technical report of feasibility study and decide whether a work item will start at RAN#64.
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