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1 Introduction
In RAN1#83 the work item on elevation beamforming and full dimensional MIMO has been completed [1] and several MIMO enhancements were specified for LTE-A. In this contribution we provide our views on the UE capability signalling to support elevation beamforming and FD-MIMO features. 
2 Discussion
CSI feedback enhancements for FD-MIMO
In Rel-13 three types of FD-MIMO schemes were specified for LTE-A:
· FD-MIMO with non-precoded CSI-RS signals
· FD-MIMO with cell-specific beamforming on CSI-RS signals
· FD-MIMO with UE-specific beamforming on CSI-RS signals
The FD-MIMO schemes with non-precoded CSI-RS is facilitated by using CSI-RS transmission from each TXRU of the eNB without beamforming. This scheme in Rel-13 can be supported by using Class A CSI feedback, which relies on the channel measurements on NZP CSI-RS resource with 8, 12 or 16 antenna ports and the PMI report using the configurable 1D/2D codebook. 
The FD-MIMO schemes with cell-specific beamforming on CSI-RS is facilitated by the transmission of the K CSI-RS resources with either vertical or horizontal beamforming on the antenna ports. In Rel-13 such type of the FD-MIMO scheme can be supported by using Class B CSI reporting, which requires at the UE support of the aggregation of up to eight CSI-RS resources with 2, 4 or 8 antenna ports and CRI reporting to indicate the selected CSI-RS resource for CSI feedback. 
The FD-MIMO schemes with UE-specific beamforming on CSI-RS signals is facilitated by the transmission of each CSI-RS resource with vertical and horizontal beamforming, so that each CSI-RS antenna port in the resource is associated with a single beam. In Rel-13 such type of the FD-MIMO scheme can be supported in two ways
· Approach 1: Class B CSI reporting scheme with multiple CSI-RS resources (K>1) with at most 2 antenna ports on each CSI-RS resource and CRI reporting
· Approach 2: Class B CSI reporting with single CSI-RS resource (K=1) and beam selection codebook 
In principle both approaches are performing almost the same functionality, but relies on different CSI reporting procedures. In particular, for the first approach the beam selection for CSI is performed by using CRI reports, while in the second approach the selected beam(s) is indicated to the serving cell via codebook-based PMI report. It should be noted that the first approach requires implementation of the new CRI reporting procedures and doesn’t support CSI feedback for more than two MIMO layers (due to limitation for the number of CSI-RS antenna ports). Therefore, two approaches of supporting FD-MIMO schemes with UE-specific beamforming on CSI-RS signals should be considered as independent features. 
Considering the discussion and the difference between the schemes, it would be beneficial to support four CSI feedback approaches as independent features, where Class B FD-MIMO with single CSI-RS resource (K=1) can be made mandatory due to relatively simple implementation efforts required to support it.. 
Proposal:

· For FD-MIMO CSI feedback schemes introduce four feature groups:
· Class A CSI reporting with NZP CSI-RS resources with 12 and 16 antenna ports
· Class B CSI reporting with K > 1 and with at most 2 CSI-RS antenna ports in each CSI-RS resource

· Class B CSI reporting with K > 1 and with 4 or 8 CSI-RS antenna ports in at least one CSI-RS resource

· Class B CSI reporting with K = 1

· This feature can be made mandatory due relatively simple implementation
The table below summarize the proposal above.
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11/12 features)
	Need for eNB to know whether the
feature is supported by the UE
(what happens if eNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Note
	Responsible WG
	RAN WG recommendation

	4-1
	Class A CSI reporting
	1) 2D class A codebooks (for 8, 12, and 16 ports)
2) P-CSI and A-CSI for 2D codebooks
3) 12- and 16-port CSI-RS
	TM 10 (*)
	Yes
	CSI reporting based on 2D codebooks for CSI-RS with 12 and 16 ports not possible
	　
	RAN1
	　Optional 

	4-2
	Class B CSI reporting with K>1 and with maximum of 2 CSI-RS antenna ports in each CSI-RS resource
	1) K>1 NZP CSI-RS resources configuration with at most two CSI-RS antenna ports in each resource and CRI reporting (for P-CSI and A-CSI)

	TM 10 (*)
	Yes
	CSI reporting to support beamformed CSI-RS operation not possible 
	
	RAN1
	　Optional 

	4-3
	Class B CSI reporting with K>1 and with more than 2 CSI-RS antenna ports in at least one CSI-RS resource
	1) K>1 NZP CSI-RS resources configuration with more than 2 antenna ports in each resource and CRI reporting (for P-CSI and A-CSI)

	TM 10 (*)
	Yes
	CSI reporting to support beamformed CSI-RS operation not possible 
	The max total number of CSI-RS ports (summed across K resources) Nmax is a candidate for UE capability. 8, 16, 32, and 64
	RAN1
	　Optional

	4-4
	Class B CSI reporting with K = 1
	K=1 NZP CSI-RS resource, PMI.Config (=1 or 2), codebooks for PMI.Config = 1, and associated P-CSI and A-CSI modes
	TM 10 (*)
	Yes
	CSI reporting to support beamformed CSI-RS operation not possible 
	
	RAN1
	　Mandatory


Regarding UE capability signalling for the Class B CSI reporting with K > 1. According to RAN1#84 meeting agreement the total number of CSI-RS ports across K CSI-RS resources should be considered as candidate for UE capability signalling. However, depending on the way the total number antenna ports is partitioned across K CSI-RS resources, the UE complexity may be sufficiently different. More specifically, the total number of CSI-RS ports across K resources seems to be sufficient to estimate the UE complexity wrt to channel estimation and memory requirements to store the estimated channel samples. However, it is not sufficient to characterize the other aspects of CSI calculation complexity of Class B CSI reporting such as 

· complexity of the matrix multiplications of the measured channels and the precoders
· complexity of the PMI search, i.e. the total number of CWs in the codebooks associated with the CSI-RS resources
More specifically 2 CSI-RS resources with 8 ports would be equivalent to 4 CSI-RS resources with 4 ports wrt to channel estimation complexity and memory requirement at the UE. However it would not be equivalent wrt to PMI search complexity and matrix multiplication. Therefore, other approaches to characterize UE capability for Class B FD-MIMO with K > 1 should be further discussed in RAN1.
Proposal:

· Discuss further UE capability signalling for Class B FD-MIMO with K>1 as the total number of ports may not be sufficient to fully characterize UE complexity
Measurement restrictions

The measurement restrictions were specified in Rel-13 FD-MIMO to minimize the CSI reference signal overhead and to provide more ‘predictable’ interference measurements for CSI. The restrictions can be used in conjunction with FD-MIMO CSI feedback schemes discussed above and can be configured independently for channel and interference measurements. In principle the measurement restriction only simplifies UE implementation and, therefore, can be supported as a single measurement restriction feature. Summarizing the discussion above the following proposal can be made:

 Proposal:

· Consider channel and interference measurements as single measurement restriction feature
CSI-RS in DwPTS
In Rel-13 FD-MIMO CSI-RS in DwPTS was introduced. In addition to support of the new CSI-RS patterns in the special subframes, support of the second ZP CSI-RS for E-PDCCH should be consider as a component of the feature. 
Proposal:

· Consider 2nd ZP CSI-RS resource for E-PDCCH as component of the CSI-RS in DwPTS feature
3 Summary

In this contribution we provide our views on the required UE capability signalling to support elevation beamforming and FD-MIMO. The following proposals were made:
Proposal:
· For FD-MIMO CSI feedback schemes introduce four feature groups:

· Class A CSI reporting with NZP CSI-RS resources with 12 and 16 antenna ports

· Class B CSI reporting with K > 1 and with at most 2 CSI-RS antenna ports in each CSI-RS resource

· Class B CSI reporting with K > 1 and with 4 or 8 CSI-RS antenna ports in at least one CSI-RS resource

· Class B CSI reporting with K = 1

· This feature can be made mandatory due relatively simple implementation
· Discuss further UE capability signalling for Class B FD-MIMO with K>1 as the total number of ports may not be sufficient to fully characterize UE complexity
· Consider channel and interference measurements as single measurement restriction feature
· Consider 2nd ZP CSI-RS resource for E-PDCCH as component of the CSI-RS in DwPTS feature
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