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1. Introduction
Rel-13 3D-MIMO WI is about to be completed in RAN1 #83. This paper intends to discuss 3D-MIMO UE capability in Rel-13, since the major pieces of specifications are ready, despite that many physical layer details still needs to be decided. 
2. Capabilities targeting new MIMO operations
It is well understood that there are three MIMO operations specified in Rel-13 FD-MIMO WI, namely non-precoded CSI-RS, cell specific beamformed CSI-RS, and UE-specific beamforme CSI-RS, as shown in Figure 1. It is natural to allocate separate UE capabilities to the three different MIMO operations, so operators can choose their preferred operations.
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Figure 1. 3D-MIMO Operations

Therefore, there could be three UE capabilities for new MIMO operations:
· A-1: This capability intends to support reporting class A. The componets include 12/16 port CSI-RS, new 8/12/16 port codebook, and the related reporting modes
· A-2: This capability intends to support reporting class B with K >1. The components include BI feedback and related reporting types/modes.
· A-3 : This capability intends to support reporting class B with K = 1 with additional beamselection codebook. It should be noted that UE-specific beamformed CSI-RS can be implemented with legacy 2Tx codebook. The additional beamselection codebook is a further enhancement to legacy 2Tx codebook, but UE-specific beamformed CSI-RS can be implemented with only measurement restriction (capability A-6) but without this beamselection codebook. Therefore measurement restriction (A-6) is more essential for UE-specific beamformed CSI-RS than beamselection codebook (A-3).
3. Capabilities targeting general MIMO enhancements
Beside new MIMO operations, there are certain enhancements that are potentially beneficial not only for new R13 MIMO operations, but also beneficial for general MIMO enhancements. Those enhancements show performance gains in 3D-MIMO scenarios, but they could be applied to other scenarios as well.

Those enhancements may correspond to the following capabilities:

· A-4: This capability intends to support SRS enhancements. Essentially there are two enhancements : increasing UpPTS and increasing comb. There is some possibility to further split this capability to two, but further discussion may be needed.
· A-5: This capability intends to support DMRS enhancements, i.e., OCC=4 and new DCI table.

· A-6: This capability intends to support measurement restriction. It is likely that channel MR and interference MR would be split, because it was agreed that channel MR applies to TM9, but interference MR does not apply to TM9.
4. Discussion on Prerequisite Feature Groups

In RAN1 #82b, applicable TM for 3D-MIMO was discussed. It was concluded that no new TM is introduced in R13. There is no constraint of applicable TM in RRC spec, since TM was not mentioned in the RRC parameter LS to RAN2. In prerequisite of each UE capabilities, applicable TM for 3D-MIMO may be discussed.
Generally, it is expected that each UE capability may be applied to TMs as much as possible. Particularly it is preferred to allow 3D-MIMO operation based on TM8/9. An initial proposal may be like the following:
· A-1: Prerequisite of class A reporting are TM8/9/10

· A-2: Prerequisite of cell-specific beamformed CSI-RS are TM8/9/10. One discussion point is that the following features can not be supported for TM8/9: multiple IMR for one CSI process.
· A-3: Prerequisite of additional beam selection codebook for UE specific beamformed CSI-RS are TM8/9/10. 
· A-4: There seems no need of prerequisite feature group of SRS enhancements
· A-5: The prerequisite of DMRS enhancements are TM8/9/10.
· A-6: There seems no need of prerequisite for channel MR. The prerequisite of interference MR could be TM10. 
5. Conclusions

The following table may be considered for 3D-MIMO UE capabilities.

	#
	Feature group
	components
	Prerequisite

	A-1
	Non-precoded CSI-RS operation
	1) 12/16 port CSI-RS 

2) 12/16 port codebook

3) [FFS] new 8 port codebook

4) Reporting modes with [8]/12/16 codebook
Further spliting to 8/12/16 port is possible
	TM 8/9/10

	A-2
	Cell-specific beamformed CSI-RS operation
	1) BI reporting

2) Multiple IMR for one CSI process (FFS if this is applicable to A-3)
	TM 8/9/10 for BI, TM 10 for multiple IMR

	A-3
	Additional codebook for UE-specific beamformed CSI-RS operation
	1) Beam selection codebook and related reporting modes
	TM 8/9/10

	A-4
	SRS enhancements
	1) Increasing UpPTS

2) Increasing Comb

It is FFS if this capability should be split to two
	None

	A-5
	DMRS enhancements
	1) OCC=4 and new DCI table


	TM 8/9/10

	A-6a
	Channel measurement restriction
	1) Channel MR for K=1

2) Channel MR for K>1

It is FFS if this capability should be split to two
	none

	A-6b
	Interference measurment restriction
	1) Interference MR
	TM10


It should be noted that the above table is preliminary. More details can be nailed down with further RAN1 progress. 

Mandatory/Optional is not discussed in this contribution. Input from more operators would be helpful. Some initial view from our side is briefly described in annex.
Annex : Intended MIMO Operation

The following procedure seems natural for at least TDD MIMO operations. The related spec enhancements are listed in the right side.
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