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1. Introduction

In RAN#65, the SI on elevation beamforming (EB) and full-dimension (FD) MIMO [1] was approved, where the objectives for Phase 2 includes evaluating the need for enhancement of channel reciprocity based operation and the need for enhancement on diversity transmission scheme. In RAN1#80, the following conclusion on TDD enhancement is reached:

Conclusion:

Companies are encouraged to consider R1-150829 for evaluation of potential TDD enhancements
· Potential TDD enhancements for EBF/FD-MIMO:

· SRS enhancements

· Increase number of combs

· Extend SRS to more resources (e.g. DMRS or PUSCH resources)

· Precoded SRS

· 4Tx antenna switching

· CSI feedback without PMI

· CQI based on beamformed CSI-RS

· RI feedback

· Other enhancements are not precluded. 
In this contribution, firstly, we take a look at the need of LD-CDD enhancement to utilize a large number of 2D-AAS antennas and then discuss potential enhancements by taking an example. Then, we share our view on channel reciprocity based operations in TDD system and one way to report TxD CQI based on beamformed CSI-RS. 

2. Discussions
In order to fully exploit a large number of antenna elements and ports for FD-MIMO, UE needs to report spatial domain information of DL channel, and a few potential methods to do that is described in our accompanying contributions [2,3,4,5]. However, depending on channel conditions, an expected performance gain by applying such closed-loop schemes may be limited. For example, it is hardly expected to achieve closed-loop beamforming gain from high speed UE due to channel aging. 

To address this situation, it may need to utilize some open-loop based transmission schemes, e.g., LD-CDD precoding enhancement for a large number of 2D-AAS antennas. However, since conventional LD-CDD is operated on the CRS basis, it would be difficult to apply it directly to a large-scale antenna array, so that LD-CDD scheme enhancement with CSI-RS and DMRS needs to be considered. As a result, more than 4 layers transmission based on LD-CDD is possible and a high geometry and high speed UE can benefit from it. 
When it comes to DMRS based LD CDD, another point worth considering is OCC length. According to the current spec, DMRS OCC length is 4 in case of high rank but, given that LD CDD targets high speed UE, length 2 needs to be discussed carefully.
Proposal 1: LD-CDD enhancements for a large scale 2D-AAS can be considered to reduce the burden of RS and feedback overhead in FD-MIMO operations.
Beyond the idea of just extending open loop LD-CDD based on DMRS, another approach to exploit a large number of antennas would be a hybrid use of closed-loop and open-loop LD-CDD scheme, where PMI feedback is conducted on only partial RS ports, and other RS ports to be measured are utilized for LD-CDD precoding. In other words, the total RS ports to be measured can be divided into a couple of antenna port groups, then an inter-group precoding is based on closed-loop, and inner-group precoding is based on open-loop LD-CDD, or vice versa, so as to mitigate such feedback overhead and complexity burden in FD-MIMO operations.

For example of the hybrid transmission scheme, closed-loop precoding is used to determine vertical beams and LD-CDD precoding is to determine horizontal beams. For this scheme, UE reports vertical PMI based on CSI-RS ports corresponding to a column of 2D antenna array and eNB applies this vertical PMI and pre-determined horizontal precoders for data transmission. With DMRS to which vertical PMI is applied and the known horizontal precoders, UE is able to calculate the effective channel that data is transmitted through. This hybrid scheme is expected to achieve closed loop beamforming gain as much as possible when UE velocity is high. That is because Doppler effect in vertical direction is probably lower than that in horizontal direction considering, in most case, UE moves slower in vertical direction than in horizontal direction.
Proposal 2: OL and CL hybrid transmission scheme should be considered as a potential enhancement.
In TDD system, channel reciprocity simply addresses the issues on RS and feedback overhead for closed-loop FD-MIMO operations. In other words, UE needs just a part of whole RS ports over 2D antenna array and needs to report only TxD based CQI based on it, without rank and PMI. And then eNB calculates channel quality of the whole DL channel based on the estimated channel from SRS and the reported TxD CQI, which provides the ratio of DL channel power and DL interference power. In [6,7,8], the accuracy of this CQI compensation is questioned due to the larger gap between reported CQI and actual CQI that can be achieved after 3D beamforming in FD-MIMO. However, it is not clear to us that, with proper CQI compensation methods, how much inaccuracy is additionally generated in FD-MIMO and system performance impact if it exists. Additionally, to help CQI compensation without spec change, eNB can transmit beamformed CSI-RS and UE reports beamformed CSI-RS based TxD CQI. In other words, each CSI-RS port is precoded based on one of strong channel directions to the UE in long term so that the CQI is unlikely to be too low to compensate accurately.
Meanwhile, if channel reciprocity is desired to be employed even in FDD systems considering the large number of antenna elements, the study on whether configuring the SRS transmissions on the FDD downlink band is beneficial is needed in order to address a significant mismatch between uplink and downlink channels in FDD systems.
3. Conclusion
In this contribution, we discussed a few issues on OL MIMO. As to LD-CDD transmission scheme, DMRS instead of CRS can be used for high rank transmission, a hybrid scheme with CL MIMO can also be considered and length 2 OCC in high rank needs to be discussed. The proposals based on the discussion are given as follow:
Proposal 1: LD-CDD scheme enhancements for a large scale 2D-AAS can be considered to reduce the burden of RS and feedback overhead in FD-MIMO operations.
Proposal 2: OL and CL hybrid transmission scheme should be considered as a potential enhancement.
______________________________________________________________________
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