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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 includes potential RS enhancements and codebook/feedback enhancements. One of important issues for this SI is which RS and how many RS ports would need to be measured by UE, when a large number of transmit antennas are implemented at the eNB side for EB or FD-MIMO operations. Based on the discussion on potential RS enhancements for supporting EB and FD-MIMO especially for CSI-RS enhancements [2], codebook issues for vertical PMI feedback are further discussed in this contribution.
2. Discussions
We consider the following antenna configuration in this document for convenience as an example case of FD-MIMO. In Figure 1, we consider the total 32 antenna elements for 2D-AAS, and assume one to one mapping between TXRUs and antenna elements.
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Figure 1. An illustration of 2D-AAS antenna configuration.
· Elevation Beamforming without Vertical PMI 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. More specifically, we consider an example deployment as shown in Figure 2, where a cell is divided into an inner-ring area (cell-center) associated with 4-port H-CSI-RS1, and an outer-ring area (cell-edge) associated with another 4-port H-CSI-RS2. Semi-static electrical tilting with different angle is applied to these two H-CSI-RS, respectively. In other words, each H-CSI-RS port is virtualized across 8 vertical antenna elements for reflecting each respective target vertical direction. The UE 1 and UE 2 perform the existing H-domain short-term feedback on the H-CSI-RS1 and H-CSI-RS2, respectively. Considering CSI-RS resource overhead for such operations, an instantaneous CSI-RS transmission relevant only to the UE or a certain UE group needs to be considered, as discussed in [2].
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Figure 2. An example of H-CSI-RS configurations virtualized in the elevation domain.
In order to exploit the V-domain antennas in this way, 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. For example, 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. Instead of reporting CSI with this V-CSI-RS, the UE reports the best V-CSI-RS port to feedback preferred vertical direction and corresponding H-CSI-RS.

Proposal 1: Consider schemes relying on existing short-term feedback on a CSI-RS virtualized by a desired long-term vertical direction.
· FD-MIMO with Vertical PMI feedback and Horizontal PMI feedback
In order to fully exploit an elevation domain of wireless channel, vertical codebook in addition to the existing horizontal codebook needs to be introduced and defined to achieve the highest performance. There are a few ways to report PMI for the extended 3D channel and one is to use Kronecker product operation between a vertical precoder and a horizontal precoder. In the method of Kronecker precoding, the whole channel precoding matrix 
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 can be derived from the V-precoding 
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with the Kronecker product operator.
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represent different partial channels, respective. For example, 
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represent the channel from 1st column Co-pol antenna elements and the channel from the 1st row X-pol antenna elements in Figure 1, respectively. The UE determines
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maximizes CQI based on estimated 3D channel.
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 because it is not necessary to configure all CSI-RS ports, e.g., 32 ports in this case. Since it requires two codebooks, each of which has probably even smaller size than a single codebook representing whole channel at once. Such CSI-RS and feedback overhead issues are further discussed in the companion contribution in [2].
As a good starting point for discussing a new vertical codebook, it seems natural to consider DFT-based codebook fitted for ULA antenna structure and study V-domain channel characteristics. We evaluate the performance of FD-MIMO with Kronecker product precoding described above for 3D-UMi, assuming antenna configuration in Figure 1. Rel-8 LTE 4-Tx codebook and 8-Tx DFT codebook are used for horizontal and vertical PMI feedback, respectively, which is denoted by “DFT vertical codebook” in Table 1 where the codewords are uniformly distributed over zenith angle within 0° to 180°. Note that a vertical rank is limited to one in the simulation and detailed evaluation assumptions are found in Appendix. For comparison, “Baseline” as in Table 1 is the Phase 1 baseline scheme with fixed tilt 100°.
< Table 1 >
	Config
	Average UE throughput [kbps]
	5% UE throughput [kbps]

	Baseline
	2534(100%)
	472(100%)

	DFT vertical codebook
	3160(125%)
	747(158%)


In Table 1, vertical 8 antenna ports with DFT vertical codebook shows significantly higher performance compared to baseline, especially for 5% UE throughput. As observed from the simulation, extending the codebook dimension to the vertical domain with vertical codebook significantly increases system throughput. Further study of another form of vertical codebook may need to be investigated.
In addition, different characteristics of vertical channel environment need to be investigated 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 vertical channel properties.
· Open-loop based scheme 
In order to fully exploit a large number of antenna elements and ports for FD-MIMO, it requires extended RS configurations and feedback mechanism as discussed above. 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. These aspects are more elaborated in our companion contribution [3].
Proposal 3: 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 vertical channel properties.
Proposal 3: 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.
______________________________________________________________________
References
[1] RP-141644, New SID Proposal: Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE, Samsung, Nokia Networks.
[2] R1-150223, Discussion on CSI-RS design enhancements, LG Electronics.

[3] R1-150226, Discussion on OL-MIMO and channel reciprocity based operations, LG Electronics.
 Appendix A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: 8 x 2 x 2 (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	Number of UEs per cell
	10

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	Full buffer

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first TXRU

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-8 4tx horizontal codebook, 8tx DFT vertical codebook with 4 feedback bits

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.
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