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1. Introduction

In RAN#65, the SI on elevation beamforming (EB) and full-dimension (FD) MIMO [1] was approved, where the objectives for Phase 2 are captured as follows:
	Phase 2 (Start at RAN1#79):

· 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 the topics focused on enhancements of codebook and feedback mechanism for supporting EB and FD-MIMO operations.
2. Discussions
Based on the discussion on potential RS enhancements for supporting EB and FD-MIMO [2] especially for CSI-RS enhancements, codebook and CSI feedback mechanism related issues are further discussed in this contribution. For convenience, we consider the following antenna configuration in this document as an example case, and more discussions on the considered scenarios and evaluation methodology are found in another contribution [3]. In Figure 1, we consider the total 32 antenna elements for 2D-AAS, and assume at least 4 TXRUs are implemented for horizontal(H)-domain, where each TXRU is mapped to one CSI-RS port as an example so that 4-port H-CSI-RS for H-domain CSI feedback is to be configured to UE. In the vertical(V)-domain, how many additional TXRUs can be employed is depending on what is a considered transmission scheme such as EB or FD-MIMO by the network implementation, and would be different in the following sub-sections.
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Figure 1. An illustration of 2D-AAS antenna configuration.
2.1. Relying on H-domain CSI feedback
One of simple ways of exploiting the elevation domain for the assumed antenna configuration in Figure 1 would be relying on only H-domain CSI feedback with reasonable complexity. In order to exploit the V-domain in this case, an additional V-CSI-RS can be configured and measured by the UE to report per-port received power level or best N antenna ports selection result, for determining a long-term best vertical direction for the UE. More specifically, we consider an example deployment as shown in Figure 2, where a cell is divided by an inner-ring area (cell-center) associated with 4-port H-CSI-RS1 across 4 TXRUs, and an outer-ring area (cell-edge) associated with another 4-port H-CSI-RS2 across the other 4 TXRUs. Existing horizontal sectorization is omitted in this figure for simplicity.
[image: image2.emf]D

i

r

e

c

t

i

o

n

 

1

(

V

i

r

t

u

a

l

i

z

e

d

 

H

-

C

S

I

-

R

S

1

)

D

i

r

e

c

t

i

o

n

 

2

(

V

i

r

t

u

a

l

i

z

e

d

 

H

-

C

S

I

-

R

S

2

)

UE 1

UE 2


Figure 2. Examples of H-CSI-RS configurations virtualized in the elevation domain.
Here, each H-CSI-RS port is virtualized across 8 vertically spaced antenna elements as in the figure for reflecting each respective target vertical direction. 2-port V-CSI-RS configuration can be given to the UE, where one V-CSI-RS port may be associated with one port of H-CSI-RS1, and the other one V-CSI-RS port may be associated with one port of H-CSI-RS2, so as to be measured by UE for the best antenna port selection feedback. Then, the UE performs the existing H-domain short-term feedback on the H-CSI-RSi virtualized by such target vertical direction i. Considering CSI-RS resource overhead for such operations, an aperiodic CSI-RS transmission relevant only to the UE or a certain UE group needs to be considered, as discussed in [2].
Proposal 1: Consider schemes relying on existing short-term feedback on a CSI-RS virtualized by a desired long-term vertical direction.
2.2. Consideration on vertical codebook
In order to fully exploit an elevation domain of wireless channel, vertical codebooks in addition to the existing codebooks needs to be considered and defined to achieve the highest performance. For the new vertical codebook, it needs to be investigated whether DFT-based codebook structure is sufficient or not. More specifically, the vertical domain may have different characteristics from conventional horizontal domain, in that the target codebook ranges for V-domain feedback may not need to cover the full range of vertical angles but would be sufficient to cover a certain range of angles. For example, it is not needed to target the beam direction toward the sky, e.g., excluding zenith angles lower than 90 degree in 3D-UMa case, and is desired to focus more on a relevant range of angles where UEs are vertically placed. To achieve this, a kind of codebook subset restriction or angle restriction codebook needs to be considered, so that codewords that represent those irrelevant directions can be excluded.
These observations can also be considered in terms of interference management aspects. 3D channel model includes vertical domain in addition to the current azimuth domain, thus different interference behavior may be anticipated for each domain. For example, each transmitter can target UEs in high position of a building and focus the transmit power to the UEs, so that the beams targeting higher direction can have more significant impacts to adjacent cells with higher beam gains. In this situation, utilizing such limitation of certain beam direction can provide performance benefits for the overall system throughput enhancement.
In addition, different characteristics of vertical channel environment need investigations when determining vertical codebooks. For example, vertical channel is expected to have lower angular spread than the horizontal environment, which means less multipath components are likely to appear with smaller chance of high transmit ranks. Therefore, it should be analyzed how many vertical ranks can be exploited in practical scenarios based on the elevation domain channel characteristics, and whether vertical ranks need to be restricted to some values. 
Proposal 2: Consider a new vertical-domain codebook based on relevant ranges of vertical directions for UEs to be placed.
2.3. Closed-loop based scheme
Considering the network overhead–performance tradeoff, CSI-RS to be measured by UE may be limited to a certain number of ports across the total transmit antenna elements by antenna virtualization. A simple closed-loop scheme can be achieved by using Kronecker precoding based on an additional V-domain feedback as well as the existing H-domain feedback. In the method of Kronecker precoding, the whole channel precoding matrix 
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To obtain such precoding matrixes 
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 and 
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, CSI measurements on both V-domain and H-domain channels can be performed by UE, based on respectively 8-port V-CSI-RS configuration and 4-port H-CSI-RS configuration as an example, which is shown in Figure 3.
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Figure 3. Dual CSI-RS configurations for Kronecker precoding.
With this scheme, codebook designing for large scale AASs can be divided into vertical and horizontal codebook separately. As a result, this can simplify codebook designing issues in that we can re-use or extend the legacy codebooks for the horizontal one in a straightforward manner, and design the vertical one with linear phase increment for instance. Also, this can reduce RS overhead and CSI feedback overhead, since the total 12 antenna ports are required to be measured and CSI feedback chains can be separately designed per each CSI-RS configuration, compared with the other extreme case of the total 32-port CSI-RS configuration given to the UE for improving the channel measurement quality in exchange of the increased overhead and complexity.
Further investigation is required on CSI process configuration and CQI definition for such dual feedback structure. As a straightforward way, 2 CSI processes corresponding vertical and horizontal feedback, respectively, can be configured and the UE determines CSI of each process independently.  However, it is probably difficult for the eNB to re-calculate proper CQI based on the reported CQI, and the reported RI could also be far away from an optimal rank because the reported CSI is not derived from assuming the whole channel.
Proposal 3: Kronecker precoding can be considered as a simple precoding mechanism for supporting a large number of 2D-AAS transmit antennas.
Another potential approach would be relying only on a limited number of CSI-RS ports N (e.g., N=4 in Figure 4) to be configured and measured by UE at each measurement time instance, even in the case of larger number of antenna elements. Here, every time instance when the CSI-RS is transmitted, the N CSI-RS ports may be mapped to different antenna elements as shown in the figure. There can be two types of CSI feedback based on this configuration. One is CSI reporting only on a partial channel measured by N CSI-RS ports in a particular subframe ti as in Figure 4, and the other can be CSI reporting on a composite channel, e.g., the whole estimated channel reconstructed by combining partial channels in multiple time instances. For the operations, the UE can be informed of such N port mapping patterns as in the figure for combining partial channels, and there can be an UE assumption that the UE should not average the measurement results across multiple time instances unless indicated otherwise. It is expected that, effectively, CSI for a large number of antenna ports (e.g., 16 in the figure) can be obtained at the eNB side with much small number of N CSI-RS ports (e.g., N=4) transmitted per measurement time instance.
Proposal 4: Consider schemes relying on a limited number of CSI-RS ports with different port mapping per measurement instance which can be used for obtaining CSI for a large scale 2D-AAS.
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Figure 4. Virtualization-varying CSI-RS pattern for 16 cross-pole antenna elements.
2.4. Open-loop based scheme 
In order to fully exploit a large number of antenna elements and ports for FD-MIMO requires extended RS configurations and feedback mechanism as discussed in the previous subsection. Depending on channel conditions, an expected performance gain by applying such closed-loop scheme may be limited, considering the overhead and complexity. To address this situation, it may need to utilize some open-loop based transmission schemes, e.g., SFBC or LD-CDD precoding enhancement for a large number of 2D-AAS antennas. It can reduce the feedback burden since it takes advantage of diversity gain without precoding information. However, since conventional open-loop scheme is operated on the CRS basis, it would be difficult to apply it directly to a large-scale antenna array, so that an open-loop scheme enhancement with additional RSs needs to be considered.
Another approach would be a hybrid use of closed-loop and open-loop scheme, where a CSI feedback is conducted on only partial RS ports, and other RS ports to be measured are utilized for open-loop precoding. More specifically, the total RS ports to be measured can be divided into a couple of antenna port group, then an inter-group precoding is based on closed-loop, and inner-group precoding is based on open-loop, or vice versa, so as to mitigate such overhead and complexity burden in FD-MIMO operations.
Proposal 5: Open-loop based scheme enhancements for a large scale 2D-AAS can be considered to reduce the burden of RS and feedback overhead in FD-MIMO operations.
3. Conclusion
In this contribution, we discussed enhancements on codebook and feedback mechanism for supporting EB and FD-MIMO. The proposals based on the discussion are given as follow:
Proposal 1: Consider schemes relying on existing short-term feedback on a CSI-RS virtualized by a desired long-term vertical direction.
Proposal 2: Consider a new vertical-domain codebook based on relevant ranges of vertical directions for UEs to be placed.
Proposal 3: Kronecker precoding can be considered as a simple precoding mechanism for supporting a large number of 2D-AAS transmit antennas.
Proposal 4: Consider schemes relying on a limited number of CSI-RS ports with different port mapping per measurement instance which can be used for obtaining CSI for a large scale 2D-AAS.
Proposal 5: Open-loop based scheme enhancements for a large scale 2D-AAS can be considered to reduce the burden of RS and feedback overhead in FD-MIMO operations.
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