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1. Introduction & Background
In RAN#65 meeting, a new SI ‘Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE’ was approved. This SI aims to understand the benefit of 3D-MIMO technique, where a two-dimensional antenna array (and with more than 8 transceiver units) is mounted at eNB. In this paper, high level views on potential standard enhancements for 3D-MIMO is discussed.
2. Views on potential spec enhancement
There are a number of technical areas that is worthwhile to be discussed in 3D-MIMO. From our point of view, we see the following three areas are especially important for 3D-MIMO and may need spec enhancement.
2.1 Higher Order MU-MIMO
In current specification, MU-MIMO operation can support up to 2 UEs with orthogonal DMRS. Such design is aligned with convential 2D-MIMO, where UEs  can be spatially seperated in azimuth domain only. With 3D-MIMO, where eNB can separate UE in elevation domain as well, it would be beneficial to support higher order MU-MIMO, such as MU-MIMO with up to 8 UEs. Our initial evaluation results also support this proposal.
2.1.1 DM-RS

Current spec allows MU-MIMO of 2 UE with orthogonal DMRS and up to 4 UE with quasi-orthogonal DMRS. In our field trial, MU-MIMO performance with quasi-orthogonal DMRS is not satisfactory, while performance with orthogonal DMRS is much better. Moreover, our initial evaluation results show that up to 8 UE MU-MIMO can achieve a significant gain in UMa/UMi scenarios. Hence, it seems reasonable to enhance DMRS design to support up to 8 UE MU-MIMO, where the DMRS of 8 UE are orthogonal.
A relevant topic is that number of UE in a cell is important for MU-MIMO performance. Consequently, it seems beneficial to consider MU-MIMO between 3D-MIMO UE and legacy UE. The DMRS design may need to consider this aspect to maximize MU-MIMO gain.

2.1.2 CQI for MU-MIMO
When higher order MU-MIMO is supported, MU interference becomes more dominant. To better reflect the impact of MU interference in the MCS selection and scheduling, a CQI that incorporating hypothesis of MU interference can be studied and designed. 
2.1.3 Network assisted interference cancellation

MU-MIMO performance can be improved greatly if UE has better IC ability which allows more flexible UE pairing, especially considering higher order MU-MIMO. Such study has been proposed in the R13 enhanced NAICS SI. 3D-MIMO SI can follow and monitor the relevant progress.
Proposal 1: Higher order MU-MIMO transmission, e.g., 5-8 UEs, is suggested to be supported. To support higher order MU-MIMO, DM-RS, MU-CQI, and advanced receiver may be enhanced in Rel-13.
2.2 Channel Reciprocity based Operation
When  3D-MIMO antenna structure is applied, the following enhancements for better exploiting channel reciprocity can be studied and designed.
1) Non-PMI based CQI

In current specification, if the UE is configured without PMI/RI reporting, TxD CQI is reported, and then eNB compensate the CQI mismatch between reported TxD CQI and actual CQI for transmission. In current system such method works well. With the increased number of antenna in 3D-MIMO, the mismatch is larger and it is not clear if eNB compensation is still sufficient. Hence it is worthwhile to study if non-PMI based CQI scheme needs to be enhanced from current TxD CQI.
2) SRS

3D-MIMO may consider more UEs in a cell, consequently more UEs are required to send SRS for acquiring downlink channel state information for beamforming. Whether the SRS design in current specification can satisfy such increase of UE SRS transmission needs to be studied. If the SRS capacity needs to be enlarged, increase of uplink resources, e.g., in time/frequency/sequences domain, may be considered for SRS transmission. 
3) Antenna Calibration
The channel reciprocity relies largely on the accuracy of antenna calibration. Currently self-calibration supporting 8 antenna ports has been used in real network. When the number of antenna ports at eNB increases, e.g., 16/32/64 ports, new antenna calibration methods may need to be studied to both save cost and improve calibration accuracy. 
Over the air (OTA) based calibration is one promising solution, which helps avoid the complexity and cost of self-calibration module design for larger antenna ports. The basic idea is to let the calibrating antenna array transmit some RS to a calibrated source, then the calibrated source estimates and feedback the channel information for the calibration of the calibrating antenna array. From specification perspective, both the RS transmission and channel feedback mechanisms need to be designed. For RS design, the LRS designed and specified for RIBS may be enhanced to support the OTA calibration. Regarding to channel feedback, the tradeoff between channel information accuracy and overhead should be considered.
Proposal 2: Enhancement for channel reciprocity based operation is suggested, including Non-PMI based CQI, SRS and OTA based antenna calibration.
2.3 CSI-RS transmission and CSI feedback 
With the increase of number of TXRU, the CSI-RS for channel measurement also needs to be enhanced. If each TXRU corresponds to a CSI-RS port, the ports of CSI-RS increase with the increase of TXRU at eNB. When the number of TXRU is 16, the CSI-RS designed for TM10 can be applied. If considering 64 ports, specification enhancement would be needed. 
Meanwhile, the CSI feedback that can reflect vertical domain spatial information would needed for a proper 3D-MIMO operation. Current specification already supports such operation by implementation, and RAN1 need to carefully analyze if any spec enhancement is necessary. More details can be found in our companion paper for TXRU virtualization.
Proposal 3: CSI-RS and CSI feedback for 3D-MIMO should be studied, with acceptable overhead and UE complexity.
3. Conclusion
In this paper, the high level view on 3D-MIMO schemes are discussed. The potential specification enhancement are proposed as below :
Proposal 1: Higher order MU-MIMO transmission, e.g., 5-8 UEs, is suggested to be supported. To support higher order MU-MIMO, DM-RS, MU-CQI, and advanced receiver may be enhanced in Rel-13.
Proposal 2: Enhancement for channel reciprocity based operation is suggested, including Non-PMI based CQI, SRS and OTA based antenna calibration.
Proposal 3: CSI-RS and CSI feedback for 3D-MIMO should be studied, with acceptable overhead and UE complexity.[image: image1.png]
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