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1. Introduction
In RAN#65, the study item of elevation beamforming and FD-MIMO for LTE was approved [1] for Release 13. The study item consists of two phases, and the objectives for phase 2 are captured as follows:
· Evaluate performance benefits of standard enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) using 3D-UMa and 3D-UMi channel models, taking into account the discussion and findings of the 3D channel model SI.
· Performance evaluation for different numbers of TXRUs should be done with the following work plan. 

· Performance evaluation for 8 TXRUs starts at RAN1#79.

· Performance evaluation for {16, 32, 64} TXRUs starts at RAN1#80.

· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including

· Evaluate the need for defining additional measurement antenna ports up to 64 at maximum.

· Evaluate the need for reference signal design enhancements (including SRS, CSI-RS, and DMRS).

· Evaluate the need for enhancement of codebook and feedback mechanism for SU/MU-MIMO (including CQI definition, layer mapping, and precoder/rank indication).

· Evaluate the need for enhancement of channel reciprocity based operation.

· Evaluate the need for enhancement on diversity transmission scheme. 

· Evaluate the need for control signalling enhancement for SU/MU-MIMO (including support of higher dimensional MU-MIMO).

· Evaluate the need for support in the standards for eNB antenna calibration.

· The maximum number of received layers per UE should be unchanged (up to eight).

· Investigate whether additional methods are needed to ensure common channel coverage, cell/point selection and/or RRM measurement reliability.

· Develop design principles for the identified techniques and identify potential specification impact.

In this contribution, we discuss some potential enhancements that can be considered for efficiently supporting EBF/FD-MIMO. 
2. Discussions 
Compared with conventional MIMO schemes, the introduction of 2D-AAS array makes it possible to fully exploit the degrees of freedom in the elevation dimension as well as the azimuth dimension inherent in a MIMO wireless system. In addition, a larger number of TXRUs of up to 64 can be deployed per transmission point, where a TXRU has its own independent amplitude and phase control. With these features, it is possible that an eNB can adapt the beam pattern individually for UE to increase the SINR while spaying less interference by virtue of being able to steer the transmitted energy in the direction of the UE not only in the horizontal direction but also in the vertical direction. However, increasing the number of TXRUs is challenging for channel state information (CSI) acquisition at the eNB. In a frequency-division duplexing (FDD) system, the CSI is obtained via UE feedback based on downlink channel estimation. Introducing more antenna ports may lead to some challenges:

· Pilot overhead and channel estimation complexity – The computational complexity of downlink channel estimation scales linearly with the number of antenna ports.

· CSI quantization and feedback overhead – Usually, CSI codebook size increases exponentially as the number of antenna ports.  As a sequence, more computational effort is needed to select a quantization codeword from the codebook.  Besides, the amount of CSI feedback bits increases with the number of antenna ports.  More resources need to be reserved in uplink for CSI feedback.   

As discussed in [2] the exploit of the elevation dimension can be also achieved by the standard transparent schemes such as vertical sectorization and/or virtual cell partitioning.
· Vertical sectorization – By applying different downtilts one horizontal sector is partitioned into multiple vertical subsectors each with its own physical cell ID. Vertical sectorization can improve average system performance due to cell splitting gain, but due to additional intersector interference and CRS interference there is a tradeoff between cell average and cell edge performance. Also vertical sectorization does not allow adaptively control the beam pattern in elevation dimension since the downtilt for each vertical subsector is usually fixed or semi-static configured. 
· Virtual cell partitioning – In order to exploit the elevation domain, a number of CSI-RS resources targeting different vertical directions can be transmitted. In other words, the CSI-RS antenna ports are differently beamformed in the elevation domain. Each CSI-RS resource is associated with a set of CSI-RS ports precoded with same vertical steering. In each virtual cell or precoded CSI-RS resource, up to 8 horizontal antenna ports can be configured without specification change. UE can be configured with one or multiple elevation beamformed CSI-RS resources for CSI feedback. The selection of CSI-RS virtual cell can be based on RSRP report or UL measurement. In general, this virtual cell operation is similar to vertical sectorization except that multiple virtual cells have a shared physical cell ID and thus CRS interference can be avoided. Considering CSI-RS resource overhead for such operation, the number of total beamformed CSI-RS resources shall be kept at a certain level. In such case, it is preferable to dynamically adapt the CSI-RS beam based on the overall user location in the cell for improving the received signal power and reducing inter-sector interference. The flexible cell partitioning would allow also to create a horizontal virtual cell with CSI-RS beamformed in horizontal domain. Another benefit for virtual cell operation is adaptive power allocation, e.g., power allocation only to virtual cell with active users under the constraint of total TX power. It is different from vertical sectorization, where a fixed power allocation is used for multiple vertical subsectors without consideration of the user distribution in each sector. 
Proposal 1: The standard transparent techniques based on the Release 12 specifications shall be considered as baseline schemes to justify the benefits of any standard change.

2.1. Enhancement on CSI feedback

It is noted that the standard transparent schemes may not fully utilize the benefits of the 2D antenna array and larger number of TXRUs. In the above examples, the elevation beamforming is either fixed or semi-static configured via multiple downtilts. It does not provide full UE specific elevation beamforming and dynamic beam steering in both azimuth and elevation direction. Therefore some enhancements shall be studied.

It is desired that the CSI enhancement shall not increase UE processing complexity drastically. The overhead increase for both DL and UL shall be also acceptable. It is also preferable that the enhancement shall be extendable to different number of TXRUs of 16, 32 or 64 and thus a scalable design framework shall be considered. The CSI enhancement shall target for improving the standard transparent solutions, for example, enabling short-term/subband feedback for both elevation and azimuth CSI. Finally, the benefits of CSI enhancement shall be justified by the evaluation with obvious performance gain.
One potential solution for CSI enhancement is to define separate CSI resources for elevation and azimuth directions. For example, UE can be configured with two CSI processes for separate feedback of elevation and azimuth CSI. In each CSI process the CSI-RS ports are with 1D structure and the UE determines precoding vectors for each process independently. The reported elevation and azimuth precoding vectors can be combined at the eNB to get the precoding vector for the full 2D antenna array. In such case, the 2-dimensional CSI feedback is decomposed into two 1D CSI feedback each with less antenna ports. This can greatly reduce CSI feedback overhead and UE processing complexity, and the existing CSI feedback mechanism for multiple CSI processes can be reused also. Further investigation on the CQI reporting for this CSI feedback method may be required. Since the UE determines the CSI of each process independently, the reported CQI would only reflect one dimension channel state information. If the CQI mismatch cannot be correctly compensated by the eNB then possible modifications to the CQI reporting would need to be studied. Similarly, a joint selection of PMI and RI reflecting the whole channel may be also considered for CSI improvement. 
Another potential approach is to extend the CSI-RS antenna ports for CSI measurement and reporting. Considering the overhead of CSI-RS and CSI feedback, a limited number of CSI-RS ports N, e.g. no more than 16 ports per CSI process can be configured and measured by UE. Antenna virtualization can be used to associate the small number of CSI-RS ports to a larger number of TXRUs. The N CSI-RS ports can have a two-dimensional port structure with antenna ports on both horizontal and vertical directions. Therefore UE can get a full dimension channel at each CSI measurement instance and jointly feedback elevation and azimuth CSI. Different from the above separate CSI feedback scheme, where the whole channel of the 2D antenna array is reconstructed by combining the partial channels estimated from each CSI process, the CSI measurement and reporting based on 2-dimensional CSI-RS port structure can provide more accurate channel status information for advanced 3D precoding. This CSI feedback method can also be combined with virtual cell partitioning as shown in Figure 1, e.g., multiple CSI processes each with 2-diementional CSI-RS port structure can be configured for UE capable of multiple CSI processes feedback. And each CSI process uses a distinct CSI-RS port virtualization for the association with TXRUs, e.g., with different vertical steering. UE provides the joint elevation and azimuth CSI feedback for each process and the further application of virtual cell selection can provide higher flexibility in terms of beam steering in the elevation dimension and supporting different antenna configuration. 
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Figure 1: Illustration of the concept of CSI-RS port extension

Proposal 2: Consider the CSI enhancement schemes enabling UE-specific precoding in both elevation and azimuth domains without increasing UE processing complexity and overhead drastically.
2.2. Codebook design

A new codebook may be needed in order to fully exploit elevation dimension and support large number of TXRUs. Two alternatives can be considered for new codebook design. The first method is to design new codebooks for different number of antenna ports of 16, 32 or 64, which would require lots of specification work. Considering there is no change on azimuth dimension if the number of horizontal antenna ports is not increased to more than 8, the existing Rel-12 codebook can be reused for azimuth dimension and only vertical codebook needs to be defined. The vertical precoder and horizontal precoder can be combined by using Kronecker product, e.g. the precoding vector for the rth layer can be constructed as follows:
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For the new vertical codebook it shall be investigated whether the existing codebook can be reused. If enhancement is needed one possibility is to consider the DFT-based codebook. Since the channel characteristics is different in the vertical and horizontal domains different quantization methods may be considered also. The impact of antenna virtualization needs to be studied. The total codebook size shall not increase too much so that it is still possible to feedback CSI via PUCCH.
Proposal 3: Consideration for new PMI codebook design can leverage the existing codebook by using Kronecker precoding.
2.3. MU Enhancement

With a two-dimensional antenna array and a larger number of TXRUs, the base station can support a large number of UEs using the same time/frequency resource simultaneously. In other words, spatial multiplexing multiple UEs is more feasible with 2D array and additional elevation beamforming. Therefore, efficiently supporting high order MU-MIMO is one important requirement for EBF/FD-MIMO.
In current specification, only two UEs (each with rank 1) can be co-scheduled with orthogonal DMRS ports. It is in principle possible to multiplex more users for MU-MIMO transmission beyond rank 2 by using quasi-orthogonal DMRS ports having different virtual cell ID (VCID) and nSCID. However, in this case, the channel estimation performance will be degraded by the interference between DMRS of different layers. For efficiently supporting high order MU-MIMO the DMRS enhancement needs to be investigated. Moreover, it needs to be investigated whether the current transparent MU-MIMO operation is sufficient for high order MU-MIMO in terms of performance and overhead. The benefits of the non-transparent MU-MIMO with dynamic indication of interfering scheduling information could be further evaluated. Another possible enhancement is the specification support of MU CSI feedback. Although there is no agreement before Rel-13, for EBF/FD-MIMO with a larger number of TXRUs it is still worthwhile to reassess it in this study item. 
Proposal 4: MU enhancement including DMRS enhancement and MU CSI need to be studied for efficiently supporting high order MU-MIMO
3. Conclusion
In this contribution, the potential standard enhancements for supporting EBF/FD-MIMO are discussed, and we propose
Proposal 1: The standard transparent techniques based on the Release 12 specifications shall be considered as baseline schemes to justify the benefits of any standard change.

Proposal 2: Consider the CSI enhancement schemes enabling UE-specific precoding in both elevation and azimuth domains without increasing UE processing complexity and overhead drastically.

Proposal 3: Consideration for new PMI codebook design can leverage the existing codebook by using Kronecker precoding.
Proposal 4: MU enhancement including DMRS enhancement and MU CSI need to be studied for efficiently supporting high order MU-MIMO
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