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1. Introduction
In RAN#65, a new MIMO SID [1] is approved. Elevation Beamforming (E-BF) and Full Dimension (FD) MIMO are two promising technologies for meeting the future spectrum efficiency demands.  In our companion contribution [2], we show our high level views on schemes for E-BF and FD-MIMO. In this contribution we further discuss the challenges and limiting factors of E-BF/FD-MIMO and give some considerations on potential enhancements.
2. Challenges  and limiting factors 
The main challenge of FD-MIMO and E-BF in both FDD and TDD system is on how to obtain reasonable CSI accuracy and beamforming performance with acceptable cost, where the cost includes RS overhead, feedback overhead, DL signaling overhead, UE/eNB complexity, energy, etc.  There are some limiting factors of EBF/FD MIMO which can be identified for more relevant research: 

(i) CSI-RS/SRS overhead  and channel estimation accuracy 
(ii) CSI-RS interference between TPs and DL DMRS/SRS/UL DMRS interference between UEs
(iii) CSI Feedback overhead, PMI selection complexity and quantization accuracy
(iv) TDD channel reciprocity accuracy
(v) Hardware cost and energy efficient 
(vi) Signaling overhead and flexibility
Rel-13 E-BF/FD-MIMO should focus on the schemes considering the above aspects.  According to our 
3. Potential Enhancements for EBF/FD-MIMO
Enhanced CSI-RS: 
Although UE specific CSI-RS configuration signaling is supported in LTE-A specification, CSI-RS resource is often considered to be cell/TP-specific.  For shared CSI-RS, the power, frequency density/location, port number and period should satisfy the maximum requirement of a large number of UEs which share the CSI-RS resource.  Since it is semi-statically configured and periodically transmitted, it may potentially cause resource waste if the current CSI-RS resource is used in UE or UE-group specific manner.  Moreover, shared CSI-RS means the same port virtualization method should be adopted for each UE, it strongly limits the CSI measurement flexibility and hence eNodeB cannot support adaptive transmission very well.
Aperiodic CSI-RS (un-precoded or precoded) can be studied in Rel-13 for overhead reduction and flexible transmission scheme choice which is UE-specific/UE group specific.   Since it is generated only when it is needed, overhead can be reduced.  The time/Frequency density/location, port number, transmission power of aperiodic CSI-RS can be configured more flexibly than current CSI-RS.  As shown in figure 1, eNB can allocate RS resource in terms of port, RB and TTI which can be different for different UE.   This means the density of CSI-RS seen by different UE can be different.  Therefore, the eNB can configure proper CSI-RS for each UE according to its  requirements e.g. CSI accuracy and overhead.
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                                           Figure 1 Configuration of aperiodic CSI-RS in different domains
Number of ports can be flexibly configured for aperiodic CSI-RS.  Therefore, virtualization mapping to the CSI-RS ports can also be done more dynamically and more specifically for one UE or a group of UEs.  Multiple CSI processes framework can be used so that the UE can measure multiple aperiodic CSI-RS resources and legacy periodic CSI-RS resources at the same time.   
Precoding on CSI-RS is another potential enhancement should be studied.  Precoded RS is an important method for reducing CSI-RS port number and feedback dimension as we point out in [2]. Separate elevation/azimuth CSI-RS/feedback can also be easily supported if precoded CSI-RS is introduced.  In addition we can utilize precoded RS for higher CQI accuracy especially for TDD system.
Aperiod CSI-RS/Precoded CSI-RS can work together well with current CSI-RS well:

· Aperiodic CSI-RS can be used to extend the current 8-port CSI-RS to more than 8 ports.
· The current periodic CSI-RS can be used to decide how precoding is done on aperiodic CSI-RS.
Enhanced CSI Feedback:
In [2], we briefly describe several methods to obtain CSI for FD-MIMO/Elevation-BF, in this section, more details about these schemes are provided:

More efficient feedback model for implicit feedback：
With Rel-10/Rel-12 dual PMI feedback model,   CSI feedback can match with the properties of correlated channel pretty well for cross-polarized or ULA antennas.    However,  if non-ideal correlated or polarized channel (e.g. leakage) are considered, the inaccurate quantization on channel may result in some loss.  The performance loss for 8Tx may not be significant but it can be a concern for larger number of antenna ports for FD-MIMO since its requirement on CSI accuracy is expected to be higher.     Therefore it may not be good enough to just re-use the same codebook structure for higher number of ports.  Here we provide an example of rank 1 and rank 2 precoder model based on the basic multipath information based on the XPOL antenna configuration:  
Rank1 Model:
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Rank2 Model:
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Here 
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are the vectors include the multipath information.  The vectors depend on the antenna topology.   
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 are the amplitude and phase related parameters.  We define N which is the number of paths. Models in (1) and (2) give a typical 2-path (N=2) precoder model.  With different channels and requirements on CSI accuracy, N can be different.  This model can be extended to larger number of N which means more accurate channel matching which suits all types of channel i.e. including correlated/uncorrelated channels.   However, the feedback overhead can be a concern if N is large.  Study can be done based on this model or similar model to investigate the number of paths and frequency-time granularity of feeding back the related parameters.   
Explicit path information feedback
In Rel-10, explicit CSI feedback has been studied as a feedback candidate along with the current implicit feedback. For FD-MIMO, at the present stage, explicit channel information feedback should not be excluded, especially if up to 64 ports are supported.  Note that the various correlation features are caused by the same sparse channel multipath.  Consequently, an important direction is to study how to decompose the channel and obtain more essential channel information (e.g. path information) in feedback design.  The challenging part of explicit feedback is the feedback overhead for each path which can be very large because of the high precision requirement and lots of various path parameters.  To reduce overhead, we can utilize the channel characteristics.  In most cases, only wideband and long term feedback signaling is needed for most of the parameters, e.g. amplitude, delay, direction. Therefore, the overall overhead may not be too large.  
Feedback for reduced dimension H

CSI-RS is precoded based on the M eigenvectors considering the NtxNt channel covariance matrix.  CSI feedback is based on this type of precoded CSI-RS with reduced dimension to achieve reduced overhead.  A promising direction is to combine with beam selection scheme and other feedback schemes (RI/PMI or explicit low dimension H feedback). Restructuring the virtual channel by selected beams can reduce the dimension. After reducing the dimension,  other feedback schemes can be used for the low dimension virtual channel.  
Non-coherent trellis-coded quantization (NTCQ) proposed in [3] can be one of a good candidates for CSI feedback of the low dimension H. The approach exploits the duality between source encoding in a Grassmannian manifold for finding a vector in the codebook and non-coherent sequence detection for maximum likelihood decoding.   It is mentioned that low-complexity implementation of NTCQ encoding can be done.  If so, this can be a good candidate since this can provide scalable solution and avoid codebook design of different dimension.

Enhanced Sounding RS:
SRS would be used not only for UL channel state estimation but also for DL CSI estimation when channel reciprocity is applied.  It is expected more users will be scheduled by eNodeB under the deployment of FD-MIMO.   Requirement on SRS capacity would become higher.  SRS capacity shortage could be alleviated by some solutions, such as increasing the code sequence and comb, or sounding based on non-precoded DMRS. 
Cell coverage will be extended by applying FD-MIMO. In such situation, more accurate channel state estimation will be required. So it is necessary to study SRS enhancements toward to improve the precision of channel state estimation. In order to support the narrow band sounding to guarantee the reliable channel information, frequency hopping for aperiodic SRS may be considered. In addition, another aspect of SRS enhancement is power control of SRS. In heterogeneous network, the serving TP of UE between DL and UL may be different, for the SRS to target the DL data serving TP, the power control can be decoupled from the PUSCH. 
Enhanced DL/UL DMRS

Although transmit/receive beam can be narrow, multiplexing many MU layers in FD-MIMO system may bring more interference between layers.  DL/UL DMRS performance should be studied to see enhancement is needed.  If it is needed, the potential enhancements include better support of orthogonal or quasi-orthogonal DMRS with possible additional signalling.  
4. Conclusion
In this contribution,  the challenges and limiting factors are discussed.   Our initial consideration on enhancements for E-BF and FD-MIMO is discussed.   The potential enhancement areas are CSI-RS, CSI feedback, sounding RS and DL/UL DMRS.
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