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1. Introduction
Both standard-transparent and standardized schemes are available to reap the benefits of 2-D active antenna systems (AAS) deployed at eNB. In the last meeting, system level simulation has shown that standard-transparent schemes (e.g. virtual sectorization with single cell ID) is able to achieve up to 100% cell-edge performance gain over the current Phase I scheme, with only a small number of beamforming CSI-RS resources (e.g. N = 4), without any changes in the specification and UE implementation (c.f. [3]).

For standardized enhancement, the first issue to resolve is the need of extended CSI-RS resource with more than 8 antenna ports. This issue is discussed in a companion contribution (c.f. [5]). Assuming extended CSI-RS is to be introduced in Rel.13, FD-MIMO codebooks (i.e. 16/32/64Tx) need to be standardized correspondingly. As past experience suggested that codebook design is typically a very time-consuming process, in this contribution we attempt to provide a few high-level design principles, to make it possible to complete the codebook design in Rel.13. 
2. High-level principle of codebook design
The following high-level principles are beneficial for FD-MIMO codebook design, for 
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N

 = 16, 32 and 64.
Limited codebook size

PMI payload and codebook search complexity are two issues inherent in codebook design. On the one hand, the FD-MIMO codebooks have to be sufficiently large to meet the CSI quantization accuracy requirement, especially as the number of antennas increases. Note that the current LTE codebook size is 4 for 2Tx, 16 for 4Tx, and 256 for 8Tx per rank. Following this trend, it is expected that FD-MIMO codebook likely will have to consist of at least 1,000 precoders for 16Tx, and possibly tens of thousands precoders for 32/64Tx. If the codebook is not sufficiently large, it is questionable if FD-MIMO can provide any performance gain over the much simpler, standard-transparent alternatives (c.f. [3]).
On the other hand, larger codebook incurs more UE baseband processing, power consumption, and tighter uplink timing budget. Complicated UE implementation may discourage UE vendor to support this feature and could hinder the timely rollout of 3D-MIMO in the network, even if eNB vendors have heavily invested on the infrastructure side. From this perspective, FD-MIMO codebook size needs be small.
These two design targets, although contradictory to each other, have to be jointly considered. As a matter of fact, codebook size needs to taken into account when RAN1 decides on the need of extended CSI-RS in the first place. That is, the benefits of FD-MIMO (over standard-transparent solutions) need to be demonstrated with a reasonably small codebook. 
Proposal: FD-MIMO codebook size needs to be sufficiently small to allow reasonable UE implementation, while still providing sufficient gain over standard-transparent scheme.

Constant modulus property
All existing LTE codebooks satisfy the constant modulus property. This property is important to achieve full power consumption, maximize cell coverage and ensure full utilization of eNB vendor’s hardware investment. Unless significant performance gain can be achieved by non-CM codebook under realistic PA modelling, it is desirable for FD-MIMO codebook to satisfy the CM property.
Proposal: Constant modulus property should be satisfied by FD-MIMO codebook.

Nested property

Nested property is satisfied by Rel.8 2Tx codebook and 4Tx codebook, where all lower rank precoders are sub-matrices of at least one higher-rank precoder. Nested property is beneficial to allow UE to reuse certain matrix computation in the codebook search processing to reduce implementation complexity. However, Rel.12 4Tx codebook and 8Tx codebook do not satisfy nested property.
For FD-MIMO, nested property is beneficial for the purpose of UE complexity reduction, especially since FD-MIMO codebook is expected to be significantly larger than 2/4/8Tx. This may impose certain restrictions on the codebook structure and can be further discussed dependent on its impact to system-level performance.
Proposal: Nested property is beneficial for UE complexity reduction in supporting FD-MIMO.

Commonality and scalability
Unlike 2/4/8Tx where the antenna shape is pre-fixed, FD-MIMO codebook needs to accommodate a wide range of deployment scenarios and antenna configurations. For example, for 32Tx, the codebook has to offer robust performance for at least 2x16, 4x8, and 8x4 antenna configurations. Although the optimal precoders targeting different antenna configurations can be different, a common codebook framework is desirable to accommodate all scenarios, TX dimension and antenna shape configurations to reduce the specification efforts. Under the same codebook structure, different precoders optimized for different antenna configurations may be determined with a set of parameterized configurations. Such a property is also beneficial for future extendibility of LTE system, if FD-MIMO is considered a viable evolution path for future massive MIMO rollout with even more antennas (e.g. 128/256Tx).
Proposal: A common codebook structure is desirable, where scalability to different deployment scenarios and antenna configurations can be supported with different codebook parameterization.

Decoupling of azimuth/elevation CSI components
As discussed previously, FD-MIMO codebook is expected to be significantly larger in size and challenging for UE implementation. It is desirable for FD-MIMO codebook structure to allow the UE to implement, and to allow the network to configure, operations that can effectively reduce the UE complexity and uplink feedback overhead. For instance, most codebook proposals in the last meeting resort to a Kronecker product (KP) design based on two lower-dimension codebooks for horizontal/vertical components. Since the vertical PMI has a much longer coherence time than the horizontal PMI (c.f. [6]), such a structure allows the network to configure coarse/infrequent feedback for the vertical PMI to achieve UE complexity reduction. The exact codebook structure does not necessarily have to be KP-based and should be further discussed; however, some decoupling of azimuth/elevation CSI components is beneficial.
It may be also considered to have a codebook structure that allows the eNB to control the reporting granularity in time/frequency domain, including completely turning OFF certain CSI report, to allow different level of implementation-based CSI acquisition. For instance, long-term channel reciprocity holds for the vertical AOA/AOD information (which might be valid in both FDD/TDD), it should be made possible for the eNB to turn OFF or overwrite the vertical CSI report completely to reduce UE complexity.
Proposal: Codebook structure should allow decoupled, and eNB-controlled, feedback of information of the vertical/horizontal channel.
3. Conclusions
In this contribution we discussed several high-level design principles of FD-MIMO codebook (e.g. 16/32,64Tx). It should be noted that the contribution is written in the understanding that FD-MIMO codebook (and extended CSI-RS with more than 8 ports) is still under discussion and should be confirmed by thorough performance comparison with standard-transparent schemes in a fair comparison setup.
Assuming FD-MIMO codebook and extended CSI-RS is to be introduced, we believe the FD-MIMO codebook should, or is desirable to, satisfy the following properties.

Proposal:
· FD-MIMO codebook size needs to be sufficiently small to allow reasonable UE implementation, while still providing sufficient gain over standard-transparent scheme.
· Constant modulus property should be satisfied.

· Nested property is beneficial.
· A common codebook structure is desirable, where scalability to different deployment scenarios and antenna configurations can be supported with different codebook parameterization.

· Codebook structure should allow decoupled, and eNB-controlled, feedback of information of the vertical/horizontal channel separately.
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