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Introduction
This contribution discusses UE capabilities for the FD-MIMO feature.  There was an agreement last meeting that TM9 supports Rel.13 FD-MIMO but that the set of features is to be concluded in UE capability discussions. This is in contrast to TM10, where it was decided that all features are to be supported. 
TM9 and TM10 capability of FD-MIMO feature groups
A primary reason given to support FD-MIMO for TM9 rather than for only TM10 was that networks could take advantage of FD-MIMO to improve their performance until TM10 could be deployed, rather than waiting for the full benefit of FD-MIMO + TM10 to come all at once.  Then since FD-MIMO can be configured with TM9 or TM10, the most straightforward solution is to have separate capability bits for TM9 and TM10 for each FD-MIMO feature.
One exception is SRS enhancements.  Since SRS transmission is independent of downlink reception / transmission mode, and since SRS enhancements are relatively simple for the UEs to implement compared to other FD-MIMO feature groups, a separate capability for TM9 and TM10 does not seem necessary.
Observation:
· Networks may deploy FD-MIMO for TM9 prior to deploying TM10 
· SRS transmission is independent of downlink reception, and SRS enhancements are relatively simpler to implement for UEs.
Proposal:
· Support for FD-MIMO features is indicated independently for TM9 and TM10 with two bits per feature group, except for SRS enhancements.
FD-MIMO feature groups
We briefly summarize the feature groups a UE may indicate to support FD-MIMO. These are all optional capabilities for a Rel.13 UE and thus RRC capability signaling to the network is needed.  
Class A and B CSI reporting
Class A CSI reporting
This capability includes measurements of 8, 12, and 16 CSI-RS ports and CSI feedback using the Rel.13 codebook for 1D and 2D port layouts. 
Class B CSI reporting - basic
Class B reporting includes where the UE calculates CSI on each of K>1 beamformed CSI-RS resources, or where the UE provides CSI feedback using a Rel-13 codebook with K=1 beamformed CSI-RS resources.  This capability includes basic support of beamformed CSI-RS with both the new K=1 codebook and multiple CSI-RS resource CSI processing. The total number of antenna ports measured per CSI process is not extended beyond Rel.12, hence Nmax=8 ports across all CSI-RS resources is required for this capability, enabling up to K=4 two port CSI-RS resources. 
Class B CSI reporting - advanced
This capability includes advanced support of beamformed CSI-RS with both K=1 and K>1 operation where the total number of antenna ports measured per CSI process is extended to the Rel.13 capability (i.e. similar to Class A), hence Nmax=16 ports is required for this capability, and up to K=8 two port CSI-RS resources are supported.
Proposals:
Feature groups defined for Class A and B CSI reporting are:
· Class A reporting with 8, 12, and 16 ports using the Rel-13 codebook
· Class B reporting with Nmax = 8 ports using K>1 CSI-RS resources and using the Rel-13 K=1 codebook
· Class B reporting with extended Nmax = 16 ports using K>1 CSI-RS resources and using the Rel-13 K=1 codebook
Measurement restriction
Channel measurement restriction
A UE can indicate capability for channel measurement restriction which applies in case of TM9 or TM10. If the UE is configured with Class B, K=1 reporting and legacy codebook, this corresponds more or less exactly to legacy operation. Hence, channel MR is supported in legacy type of operation and can be used to significantly enhance network coordination. Therefore, a UE implemented with channel MR can use this also for non-FD-MIMO operation to benefit to the system performance. Hence, channel MR is supported also outside FD-MIMO for Rel.13 terminals that indicate this capability. 
Interference measurement restriction
A UE can indicate capability for interference measurement restriction which applies in case of TM9 and TM10. Interference MR is supported also outside FD-MIMO for Rel.13 terminals that indicate this capability for the same reasons as for channel MR. This would greatly reduce the IMR overhead and planning headache for TM10 operation with coordination clusters larger than three nodes.  
Proposals:
Feature groups defined for measurement restriction are:
· Channel measurement restriction, independent of if the UE is configured for Class A or Class B codebooks.
· Interference measurement restriction, independent of if the UE is configured for Class A or Class B codebooks.
Reference Signals
Enhanced SRS 
A UE can indicate capability for enhanced SRS with an extension to RPF=4 and 12 CS. This applies independently of the configured downlink or uplink transmission mode and can provide extra resource for both TDD and FDD. SRS enhancements apply when UE is configured in TM 3, 8, 9 or 10.
Enhanced SRS for TDD
A UE can indicate capability for enhanced SRS for TDD with an extension to additional SRS symbols in upPTS. This applies independent of the configured downlink or uplink transmission mode but only in cells using Frame structure 2. SRS enhancements apply when UE is configured in TM 3, 8, 9, or 10.
Enhanced DMRS
A UE can indicate capability for enhanced DRMS with a 4 bit table in DCI format 2C or 2D, hence when configured in TM9 or TM10 for FDD or for TDD.
Enhanced CSI-RS
A UE can indicate capability for measuring on CSI-RS in DwPTS when the cell uses Frame structure 2 and when the UE is configured in TM9 or TM10. 
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Feature groups defined for measurement restriction are:
· SRS with RPF=4 and 12 cyclic shifts.
· SRS for TDD with additional SRS symbols in upPTS.
· DMRS using 4 bit DCI table
· CSI-RS in DwPTS for TDD 
 
Conclusion
This contribution considered UE capabilities for the FD-MIMO feature, including dependence on TM9 and TM10, leading to the following proposals:

Proposals:
· Support for FD-MIMO features is indicated independently for TM9 and TM10 with two bits per feature group.
· The following feature groups are defined for FD-MIMO
· Class A reporting with 8, 12, and 16 ports using the Rel-13 codebook
· Class B reporting with Nmax = 8 ports using K>1 CSI-RS resources and using the Rel-13 K=1 codebook
· Class B reporting with extended Nmax = 16 ports using K>1 CSI-RS resources and using the Rel-13 K=1 codebook
· Channel measurement restriction, independent of if the UE is configured for Class A or Class B codebooks.
· Interference measurement restriction, independent of if the UE is configured for Class A or Class B codebooks.
· SRS with RPF=4 and 12 cyclic shifts.
· SRS for TDD with additional SRS symbols in upPTS.
· DMRS using 4 bit DCI table
· CSI-RS in DwPTS for TDD 
 



