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1. Introduction
In the RAN#70 meeting, a work item on Enhancements on Full-Dimension (FD) MIMO for LTE was approved [1]. The detailed objectives are as follows. 
· Specify enhancements on reference signal in the following areas 
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
· Extend specification support for CSI reporting in the following areas 
· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D
For the design of codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, many companies proposed Rel. 13 Class A codebook as a basis of codebook extension. However, there is a potential problem of the Rel. 13 Class A codebook especially for a large number of ports due to narrower beam width. As discussed in [2]-[3], as number of antenna port increases, the DFT beams gets narrower. However in some scenarios narrower beam width is not always desirable. In this contribution we propose enhancement to Class A codebook to support configurable beam width for PMI code-words.
2. Beam Broadening
Codebook with beam broadening function 
In this section, we introduce solution to widen the angular coverage without overhead increase.  The need for antennas having wide beam patterns, as opposed to narrow beam ones, arises in the scenarios with higher rank transmission (e.g. 3-4 layers), where the potential loss in the gain due to beam widening may not be critical. At the same time usage of the widen beam may offer the increased probability of the higher transmission rank selection. The use of widen beam is also preferable in high mobility scenario for more robust selection of the precoding at the eNB which will be less sensitive to fast change of the UE position.
The proposed beam broadening function applied to the set of DFT-based PMI vectors W can be illustrated as follows:

, 




where Wb is PMI corresponding to broaden beam, N1 or N2 is number of CSI-RS antenna ports in horizontal and vertical domain, respectively, {p,c} parameters of beam broadening function that can be configured by the eNB depending on the required beam width. Note that larger c provides broader beam for a given p while smaller p provides broader beam for a given c. The basic principle of beam broadening function is supplying additional phase to reduce the possibility of constructive addition of all the contributions of the array elements. The examples of PMI patterns for different values of {p,c} is illustrated in Figure 1 and Figure 2.
 [image: ] [image: ]
[bookmark: _Ref458412312]Figure 1 Example of beam broadening for different c values
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[bookmark: _Ref458412322]Figure 2 Example of beam broadening for different p values
Different number of antenna ports for PUCCH and PUSCH 
Alternative approach to achieve beam broadening is to use subset of CSI-RS antenna ports for beamforming. To assist such precoding on the subset of antenna ports, the periodic CSI reporting can be configured with subset of CSI-RS antenna ports comparing to CSI-RS resource configuration for aperiodic CSI reporting. The concept is illustrated in Figure 3, where aperiodic CSI is configured with (4,4) antenna port layout with 32 CSI-RS antenna ports, while periodic CSI is configured with (4,1) antenna port layout with 8 antenna ports. With this approach the PMI received from periodic CSI can be used for assist wide beam beamforming, while the PMI received aperiodic CSI can be used to assist narrow beam beamforming. With this approach the number of reported PMI information on PUCCH can be also reduced, which is in line with the design principles of periodic CSI feedback. 

[image: ]
Figure 3 Configuration of different number of antenna ports for periodic and aperiodic CSI reporting
Proposal:
· Class A FD-MIMO should support beam broadening function in Rel-14 to improve the performance in high mobility scenarios and scenarios with higher transmission ranks. 
· Two options for beam broadening can be considered:
· Beam broadening  function in the codebook
· Periodic CSI reporting using subset of CSI-RS antenna port 
Conclusions
In this contribution we have proposed enhancement to Class A codebook to support configurable beam width for PMI codewords. Based on the discussion and evaluation results the following proposal was made:
· Class A FD-MIMO should support beam broadening function in Rel-14 to improve the performance in high mobility scenarios and scenarios with higher transmission ranks. 
· Two options for beam broadening can be considered:
· Beam broadening  function in the codebook
· Periodic CSI reporting using subset of CSI-RS antenna port 
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Appendix
To demonstrate the performance benefits of proposed beam broadening function the system-level evaluations were carried out using non-full buffer traffic model with a packet size of 0.5Mbytes. For evaluation 4 receive antennas at the UE with maximum 4 transmission layers was assumed. It was assumed that half of the original DFT-based beams in rank-3/4 PMIs were replaced with beam broadened PMI so that the CSI reporting overhead is not increased. The results are presented in Figure 3 and Figure 4 for low resource utilization, which corresponds to the scenario when higher rank selection is possible.
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[bookmark: _Ref458412285]Figure 4 Packet throughput results with Rel-13 and Rel-14 codebook with beam broadening function applied to some rank 3/4 PMIs (3D-UMi)
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Figure 5 Packet throughput results with Rel-13 and Rel-14 codebook with beam broadening function applied to some rank 3/4 PMIs (Indoor Hotspot)

	Parameter
	Value

	Scenario
	3D-UMi, ISD = 200 m (homogeneous), Indoor Hotspot
Geographical distance based wrapping

	eNB antenna configuration
	URA X-pol, slants -45/+45 degree, 
16 TXRUs, 1x8x2 port layout
8x1 subarray per TXRU for 3D-UMi
1x1 subarray per TXRU for Indoor Hotspot
0.5-wavelength horizontal spacing
0.8-wavelength vertical spacing

	UE antenna configuration
	4 Rx X-pol, slant 0/90 degrees 

	Traffic model
	FTP model 1, S=0.5 Mbyte packet size

	Cell association
	CRS antenna port 0, mapped to the two vertical TXRUs
Handover margin = 3dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel estimation 
	Ideal 

	Interference covariance estimation
	Ideal

	CSI feedback
	Mode 3-2 with 5 ms periodicity

	CRS configuration
	Colliding across all modelled cells

	Transmission mode
	TM9

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4
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