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1 Introduction
The study item on elevation beamforming and full dimension MIMO was approved in RAN#65. EBF/FD-MIMO can be implemented in both standard-transparent and standardized manners. A list of possible standard-transparent EBF/FD-MIMO schemes using Rel.12 MIMO is provided in a companion contribution [9]. Meanwhile, scheme requiring standardized enhancements in Rel.13 are certainly possible, which are likely to offer better performance at the expense of extra specification and implementation efforts. Factors including system performance, specification complexity, CSI pilot and feedback overhead, complexity at UE as well as the network side should be taken into account to reach a thorough and fair comparison. In this contribution we discuss several possible standard-non-transparent schemes target AAS deployment in Rel.13. 
2 Discussion

The following performance criterion should be considered in the comparison of different EBF/FD-MIMO schemes.
· System level performance 
· Standardization complexity
· Both RAN1 and RAN4 impact could be considered in the SI phase.

· UE implementation 
· E.g. CSI measurement complexity, power consumption, codebook size, codebook structure, reference signal mechanism.
· eNB implementation cost
· CSI-RS and feedback overhead

· Including total CSI-RS overhead for each eNB
· CSI accuracy
· All other things being equal, scheme with higher CSI accuracy is given higher priority 
· eNB link adaptation accuracy/simplicity 
· Simpler eNB link adaptation without complicated CSI processing is preferable
2.1 CSI measurement and feedback
CSI-RS design and CSI feedback are two coupled aspects that should be discussed together. It is possible that different CSI-RS pilot mechanism can be used for the same feedback scheme, while using different CSI feedback schemes for the same pilot design is also feasible.  It is preferable to identify the best possible combinations considering a wide variety of aspects of the AAS deployment. In the following we focus on several possible CSI-RS enhancement options for the support of AAS, together with their associated CSI feedback frameworks.
2.1.1 Full CSI-RS 

The most straightforward solution for exploiting AAS with more than 8 TXRU is to extend the current CSI-RS resource to more than N>8 antenna ports (e.g. 16, 32, 64 ports).  Rel.12 TM10 based mechanism with a single CSI-process per point is then extended to N>8 port AAS eNB.
· Advantage:

· Legacy CSI-RS resource, CSI-process definition can be reused.

· A single CSI-process is sufficient to reflect the composite CQI after FD-MIMO beamforming, allowing straightforward eNB link adaptation.

· Disadvantage:

· New CSI-RS design: 
New zero-power CSI-RS and PDSCH muting mechanism may also be needed.
· CSI-RS overhead: For very large scale MIMO (e.g. 64TX), whether CSI-RS overhead per subframe still allows efficient PDSCH transmission should be studied. Higher CSI-RS overhead also implies increased impact to legacy UE not supporting PDSCH muting. 
· New PMI codebook: Based on past experience, codebook design is typically a long and controversial experience.
· PMI search complexity: With increase spatial dimension, it is expected that the codebook for N>8 MIMO needs to be substantially larger than 8Tx codebook ensure satisfactory CSI accuracy. A larger codebook implies increased PMI search complexity and power consumption.
· PUCCH enhancement may need to be studied to accommodate the increased PMI overhead.
2.1.2 Separate CSI-RS 

Multiple CSI-RS resources for beamformed CSI-RS

Multiple beamformed CSI-RS resources may be transmitted from eNB toward different elevation directions. For instance, beamformed CSI-RS can be implemented under the TM9/10 framework where each CSI-RS is precoded in the elevation domain with a different tilting angle. A UE may be configured with one or multiple beamformed CSI-RS resources. Configuration of UE-specific beamformed CSI-RS resources may be based on existing LTE measurement mechanism, e.g. CSI-RS based RSRP or uplink long/short-term measurement.
· Advantage: 

· May reuse Rel.12 TM10 mechanism for simple EBF-MIMO. Very limited specification impact, if any.

· CQI accuracy: The reported CQI from each beamformed CSI-RS resource is the composite CQI after EBF-MIMO beamforming, allowing simpler eNB link adaptation.
· Disadvantage: 

· Total CSI-RS overhead at one eNB to cover a cell needs to be studied.
Two CSI-RS for separate CSI in two dimensions
Given that the SI assumes a 2D planar array, it is also possible to configure two CSI-RS resources and two separate CSI processes to separately measure the channel of horizontal/vertical dimension. The pros and cons are analyzed below:

· Advantage
· Legacy CSI-RS with {2,4,8} ports may be sufficient for feedback in each dimension. It is noted that even though the number of antenna elements per dimension may exceed 8, the number of CSI-RS ports per dimension does not necessarily have to.
· Lower CSI-RS overhead than full CSI-RS design.

· Possible to reuse legacy feedback channel (e.g. PUCCH) for each dimension separately.
· Disadvantage
· CSI accuracy:  Two separate CSI processes may not directly reflect the post-3D-beamforming CQI, and some addition CQI estimation/prediction may be needed at the eNB. 
2.2 Other enhancement
With UE-specific elevation beamforming, spatial multiplexing of UEs with different elevation angles becomes possible, similar to legacy MU-MIMO techniques in the azimuth domain. Legacy Rel.12 MU-MIMO allows a maximum of four layers multiplexed through the combination of orthogonal DMRS and non-orthogonal scrambling sequences. When MU-MIMO in both elevation and azimuth domains is considered, it could be studied if the number of layers/UEs in MU-MIMO needs to be increased accordingly. This however should be investigated with realistic non-full-buffer traffic model in system-level simulation. Potential specification enhancement toward high-order MU-MIMO may include the following aspects
· DMRS design

· Control channel for high-order MIMO

3 Conclusion
In this contribution we discussed several potential standardized enhancements for EBF/FD-MIMO in Rel.13, with an analysis on their pros/cons in terms of specification effort, CSI-RS and CSI feedback overhead, UE complexity, CSI accuracy, and link adaptation simplicity. Based on the discussion our views are summarized below:
Proposal: 

· The following criterion could be considered to compare different EBF/FD-MIMO schemes

· System level performance  

· standardization efforts and complexity 

· CSI-RS and CSI feedback overhead

· CSI accuracy 

· UE complexity  

· eNB implementation cost  

· eNB link adaptation accuracy/simplicity 

· Consider the  following standardized enhancements 

· Full CSI-RS with N>8 CSI-RS ports and single CSI-process feedback per point

· Separate CSI-RS resources with multiple CSI-processes feedback per point with (possibly) Rel.12 CSI-RS design, e.g.

·  beamformed CSI-RS

· Separate CSI-RS and CSI feedback for horizontal/vertical dimensions
· If performance gain of high-order MU-MIMO can be justified with realistic non-full-buffer traffic, the following can enhancement can be considered

· DMRS enhancement

· Control channel enhancement
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