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1. Introduction
In [1], RAN1 agreed to study the performance benefits of standards enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) with 8 or more transceiver units (TXRUs) per transmission point, where a TXRU has its own independent amplitude and phase control. The study item consists of two phases: phase 1 for performance evaluation and phase 2 for enhancement study.
This contribution provides a high level view on potential 3D MIMO solutions based on the channel modelling discussion in [2] and our 3D MIMO simulation results presented in [3]. 

2. General View
The performance gains of 3D MIMO solutions vary significantly with the antenna array configurations. It is important to find reasonable baselines for comparison. 
With the increasing of the number of TXRUs and the number of antenna ports, the complexity and cost of the transmitters and receivers may increase significantly. It is necessary to find a good balance between the performance gain, the implementation cost and the standards impact. Solutions achieving major performance gain with minimum specification effort should be prioritized. 
It should be assumed that 3D MIMO enhancements are applicable to both PDSCH and EPDCCH, and this will be important due to the significant change in the UE dropping model in the 3D channel model. Considering that the 3D MIMO systems equipped with 2D planar array may co-exist with 2D MIMO systems equipped with linear array, it is necessary to consider the impact of 3D beam on 2D systems. 

3. View on Enhancement Schemes
3.1. Precoding Scheme 
A unified scheme applicable for both UMi and UMa is preferred. For the UMi scenario, the array size constraint should be considered and for UMa, the coverage requirement should be considered. The scheme should be applicable for different numbers of TX ports and port mapping patterns. It should also be extendable to multi-user and multi-rank at least in the horizontal domain. The complexity of the scheme should be acceptable, e.g., not exponentially grow with the number of TX ports. 3D precoding schemes up to Rel 12 should be considered as the performance baseline for justifying more advanced 3D precoding approaches. 

3.2. Codebook and Feedback 
A new codebook may be needed depending on how the precoding scheme is designed. The correlations between different parameters revealed in the channel modeling stage should be considered. The nested property for different ranks should be used for better scalability. Constant modular codebook is preferred. The codebook size should be limited. New quantization methods for reducing the overhead and codebook size may be considered. It is likely that the optimal angular granularities of the codebook will be different in the vertical and horizontal domains.  
The CSI feedback such as PMI, RI and CQI need to be enhanced upon the requirement of CSI-RS and precoder design. The uplink resources required for these feedbacks need to be examined, together with any corresponding enhancements to the mechanisms and channels for carrying the UCI. 

3.3. Reference Signaling  and Network Assistance Information 
With the increasing of the number of TXRUs, more radio resources may be needed for reference signal transmission and channel measurement. Two alternative solutions exist for CSI-RS port enhancement: 1) reusing the existing CSI-RS ports by enabling multiple CSI processes for horizontal and vertical domain measurements; 2) defining new CSI-RS ports for joint vertical and horizontal CSI measurement. New puncturing patterns should be designed if new CSI-RS ports are introduced. 3D MIMO solutions based on reusing existing CSI-RS ports should be considered as the performance baseline.  
It has been observed that multi-user MIMO can benefit more from 3D MIMO. For enabling higher order multi-user MIMO, the DMRS ports may need to be enhanced.  Moreover, network assisted IC should be considered for MU transmission, for example dynamic assistance information or providing interfering scheduling information. With network assisted IC, the network is less constrained by the spatial orthogonality of UE pairing, which can increase the likelihood of high order MU scheduling.   

3.4. Channel Reciprocities and Over-the-Air Calibration
For TDD operation, the impact of non-ideal reciprocity should be evaluated. Over-the-air reciprocity calibration may be a feasible solution for reducing the TXRU complexity and cost of TDD systems. With the increasing of the number of TXRUs, such a complexity and cost reduction may justify the small extra feedback and standardization effort. 

4.  Conclusion
In this contribution, we propose:
1) 3D MIMO solutions with up to Rel. 12 features should be used as the performance baseline for justifying further specification changes. 
2) Careful consideration should be given to new PMI codebook design, especially identifying the optimal angular granularity of the codebook in the vertical and horizontal domains. 
3) DMRS enhancements and NAIC should be included in the evaluations for supporting higher order multi-user MIMO efficiently;
4) Enhancements should be applicable to both PDSCH and EPDCCH to avoid 3D coverage hole;
5) The impact of 3D MIMO solutions on legacy 2D MIMO systems with linear array needs to be evaluated.
6) For TDD systems, over-the-air reciprocity calibration for 2D antenna array should be studied.
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