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1. Introduction

The study item on elevation beamforming and full dimension MIMO was approved in the 3GPP RAN#65 meeting [1]. In RAN1#80 meeting, high level categories of potential CSI-RS and feedback enhancements were identified:
· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS

For non-precoded CSI-RS-based schemes, CSI regarding both azimuth and elevation domain shall be feedback by UE through uplink channel. Following LTE implicit feedback design, CSI consists of CQI, PMI and RI. PMI represents an index of a precoding matrix in the codebook defined in standard. LTE Rel-8 defined codebook for 2 and 4 transmit antennas, and LTE Rel-10 introduced codebook for 8 transmit antennas. With the use of AAS, more than 8 transmit antenna ports is possible and therefore it may be necessary to design a codebook for more than 8 ports. In this paper, scenarios for codebook design are analyzed and it is found that codebook design for FD-MIMO is faced with numerous possible scenarios. Configurable codebook design approach aiming to provide flexibility and scalability is discussed.
2. Discussion
2.1. Scenario analysis
Antenna size and configuration
The target of this study item is 2D antenna arrays. That is, antenna elements are arranged in two dimensions. As agreed in previous meetings, in homogeneous scenarios, antenna size considered includes (1, 8), (2, 8), (4, 8), (8, 4), (16, 2). Here, (N, M) represents an array with N elements in azimuth dimension and M elements in elevation dimension. The number of elements in azimuth dimension could be 1, 2, 4, 8, 16 and number of elements in elevation dimension could be 2, 4, and 8. For small cells in heterogeneous scenario, (4, 4) antenna configuration is assumed. 
Even only consider the listed antenna configurations, there are 6 possible configurations. If for each configuration, a dedicated codebook is desired, we should at least design 6 different codebooks. Furthermore, it is very likely that antenna configuration other than those listed would be deployed by operators considering the size, volume, and cost of antenna array. The actual number of possible antenna configuration in future would be much larger than 6.
TXRU to antenna element mapping
A TXRU is virtualized to a number of antenna elements. Number of TXRU could be 8, 16, 32, and 64 according to previous agreements. The mapping from TXRU to antenna elements has significant impact on codebook design. TR 36.873 currently captures both 1D and 2D virtualization model. For 1D or 2D virtualization model, a TXRU is virtualized to antenna elements with either sub-array mapping or fully-connected mapping. 
The impact of TXRU mapping on codebook design could be illustrated by an example shown in Figure 1. In the left figure, a TXRU is mapped to four adjacent antenna elements in two columns and two rows, and the effective distance between TXRU1 and TXRU2 is 2xdv, where dv is distance of adjacent antenna elements in elevation dimension. In the right figure, a TXRU is mapped to four adjacent antenna elements in the same column, leading to an effective distance of 4xdv. It is known that the distance affects relative phase rotation between two antenna ports, and therefore affects the beamforming weight. If, for example, DFT vector is employed to quantize relative phase rotation between TXRU1 and TXRU2, it is clear that different set of vectors shall be selected. TXRU1 and TXRU3 are mapped to the same columns in the left figure, so their phase differences are impact by angle of departure in elevation domain. But in the right figure, they are mapped to different columns, and their phase differences are affected by angle of departure in azimuth domain. This leads to totally different codebook for accurately describing the channel, for angle of departure in elevation and azimuth domain are different.

[image: image1.emf]TXRU4

TXRU3

TXRU2

TXRU1

                         
[image: image2.emf]TXRU2

TXRU1

TXRU4

TXRU3


Figure 1: TXRU mapping illustration
Deployment scenario
A number of deployment scenarios are considered in evaluation: 3D-UMi, 3D-UMa, 3D-UMa with ISD 200m, and 3D-UMi with 3.5G frequency. ISD, height of base station antennas, and carrier frequency are different in these scenarios. A direct consequence is that elevation angle of UE with respect to base station in these scenarios has different distribution. 
Figure 2 plots CDF of UE elevation angle in 3D-UMi and 3D-UMa scenarios collected from simulation platform. It can be observed that in 3D-UMa scenario, the angle distributes mostly in [90, 120] degree. In 3D-UMi scenario, the range is [70, 110] degree. If a codebook covering elevation domain were to be designed, it is reasonable to choose codewords targeting the corresponding range of elevation angle in each scenario. Designing a codebook covering [0, 180] degree is clearly not promising considering the feedback overhead and UE computational complexity. It could be expected that the practical application scenario would be much more complicated than the assumed scenarios in evaluation. Any distribution range is possible. Then it is desirable to have a codebook providing sufficient flexibility while maintaining a reasonable feedback overhead and computational complexity.
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Figure 2: Elevation angle distribution
Based on the above analysis, lots of factors would affect the design of codebook, including antenna size and configuration, TXRU number and mapping, deployment scenario, etc. The combination of these factors renders a huge number of scenarios we should consider in designing codebook for FD-MIMO. It is then almost impossible to design a common codebook suitable for all these scenarios unless an enormous codebook is allowed.
Observations: It is impossible to design a common codebook suitable for all scenarios unless the codebook size is enormous.
2.2. Configurable codebook design
As discussed in previous section, designing a codebook for all scenarios seems to be a forbidding task. An alternative approach to design codebook is to make the codebook downloadable or configurable. The base station decides a proper codebook according to antenna configuration, deployment scenario etc, and indicates UE the codebook through higher layer signaling. Basically, the codebook could be configured in three different ways.
· Alt-1: Explicit configuration
By explicit configuration, the exact codebook is conveyed to UE by signaling. That is, every element of every precoder in the codebook is explicitly signaled. In this way, actually no codebook needs to be standardized at all. It is simply an implementation issue. Great flexibility is achieved as the base station could construct and signal any codebook. On the other hand, it leaves the problem to implementation and might delay the deployment of FD-MIMO in future, as development of base station is now being made complex. It also has negative impact on UE implementation, for it is impossible for UE venders to optimize codebook search algorithm as in previous releases. Furthermore, explicit signaling incurs high system overhead for carrying the signaling. 
· Pros:
· Little or no standardization work
· Flexible to use any codebook and can be easily extended to any future scenarios
· Cons:
· Complicated eNodeB and UE implementation
· High signaling overhead
· Alt-2: Codebook selection
A number of codebooks are designed for important scenarios and specified in standard. The base station selects one from these codebooks and indicates UE which codebook is selected. This option resolves most of the problems faced by Alt-1. But designing a codebook for each scenario is still an arduous task, for the possible scenarios is numerous. Besides, this design lacks scalability. That is, the system designed might not work efficiently in a new scenario which is not considered during the standardization.
· Pros:
· Simple eNodeB and UE implementation
· Low signaling overhead
· Cons:
· Much standardization work is needed
· Lacks scalability
· Alt-3: Parameterized codebook
A codebook is designed to be decided by several parameters. The base station decides the codebook and the corresponding parameters. The parameters are signaled to UE. The UE infers the corresponding codebook based on received parameters and then proceeds to calculate CSI. A pre-defined procedure is needed, mapping the set of parameters to a codebook. The procedure needs to be known to eNodeB and UE in advance. The parameters could include total antenna port number, number of antenna port in azimuth and elevation dimension, antenna spacing, etc. The parameters could also include vectors to use in generating the codebook. If the number of parameters is limited to a reasonable level, the complexity for base station could be kept acceptable. The UE vendors could still optimize their codebook search algorithm to certain extent. 
· Pros:
· Moderate signaling overhead
· Flexible and easy to extend for future scenarios
· Cons:
· Slightly complex eNodeB and UE implementation
· Effort in standardizing the codebook generating procedure is needed
Configurable codebook is a promising way to circumvent the problem arising from the enormous application scenarios. We propose to further study configurable codebook for FD MIMO to flexibly support possible scenarios.
Proposal: RAN1 should study configurable codebook design approach to support potential scenarios.
3. Conclusion
In this contribution, possible application scenarios for FD-MIMO were analyzed. It was pointed out that it is almost impossible to design a common codebook suitable for all possible scenarios while keeping a reasonable codebook size. Based on the analysis, configurable codebook design was discussed. It can be seen that configurable codebook is a promising way to solve the problem with not too much standardization effort.
Observations: It is impossible to design a common codebook suitable for all scenarios unless the codebook size is enormous.
Proposal: RAN1 should study configurable codebook design approach to support potential scenarios.
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