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1 Introduction

In RAN#68 meeting, the WID of elevation beamforming and FD-MIMO for LTE was approved with the following objectives [1]:

· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping

· Beamformed CSI-RS

· SRS capacity improvement

· Support for SRS transmission with 4TX antennas as a second priority

· Support of additional ports for DMRS targeting higher dimensional MU-MIMO

· The maximum number of DMRS ports that a UE may be able to receive is kept as 8

· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 

· Necessary channel state information for beamformed CSI-RS

· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

· Specify higher layer support of enhancements listed above [RAN2]

· Specify the necessary UE (if any) core requirements [RAN4]
In this contribution, we present our views on transmission mode configuration for FD-MIMO and also UE capability to support FD-MIMO. 
2 Transmission mode
The FD-MIMO WID introduces a set of feature components and specification enhancements on CSI-RS, DMRS, SRS and CSI feedback. Considering the big spec impact it is preferable to define a new transmission mode for FD-MIMO. However, in last RAN1 meeting there was no consensus to introduce a new TM for FD-MIMO [2]. Therefore, the possible solution is to support FD-MIMO with the legacy TM. Two alternatives are listed below:

· Alt. 1: Use TM10 for FD-MIMO with full feature sets

· Alt. 2: Use both TM 9 and 10 for FD-MIMO, but only a subset of features for TM 9

It can be seen that both alternatives support to use TM 10 for FD-MIMO and the divergence is whether to support FD-MIMO with TM 9 and with what feature components. According to the current spec, the major difference between TM 9 and TM 10 single CSI process are on two points. The first is interference measurement reference, e.g., CRS or CSI-IM. Secondly, QCL-TypeB is mandatory for TM 10 but not required for TM 9. For FD-MIMO, supporting QCL-TypeB is not necessary since FD-MIMO is typically used for single cell. Therefore, if TM 10 is used for FD-MIMO then QCL-TypeB shall be optional. 

If QCL-TypeB is optional for FD-MIMO then it is not necessary to support FD-MIMO with TM 9. The CSI-IM based interference measurement is beneficial for FD-MIMO operation compared to CRS based interference measurement. However, for some features introduced in FD-MIMO WID, such as SRS enhancements, additional DMRS ports and CSI-RS transmission in DwPTS, it seems they can be beneficial also for non FD-MIMO operation. Therefore it can be discussed whether FD-MIMO can be decomposed into several less dependent feature components. 
Proposal 1: QCL-TypeB shall be optional for FD-MIMO if TM 10 is used.

3 UE capability for FD-MIMO

For FD-MIMO, there is significant increase on CSI estimation complexity for both class A and B CSI reporting. For class A, up to 16 NZP CSI-RS ports can be configured. Compared to Rel-10 8Tx the rank 1-2 codebook size is increased by 32 times corresponding to 8192 CWs (e.g. 9 bits 1st PMI and 4 bits 2nd PMI). For class B, multiple NZP CSI-RS and multiple CSI-IM can be associated with a CSI process. The complexity increase is determined by the number CSI-RS resources and also by the number of CSI-RS ports per CSI-RS resources. It shall be noted that even the total number of CSI-RS ports is same the CSI estimation complexity is different for class B due to the use of multiple CSI-IM resources. Interference whitening per resource requires more computation efforts due to matrix inversion operation especially for 4RX UE. Therefore, the overall CSI estimation complexity for class B with K>1 CSI-RS resources is similar to CoMP with K CSI processes. 
If the legacy UE capability parameters are reused for FD-MIMO, one possibility is to use the parameter “SupportedCSI-Proc” to control the UE complexity for CSI reporting. Therefore, it can be defined that class B with K>1 can only be supported by multiple CSI process capable UE, e.g., SupportedCSI-Proc > 1. Furthermore, the configuration of class B with K > 1 and multiple CSI processes is not supported simultaneously. At least the joint operation of FD-MIMO and CoMP has not been discussed and evaluated during the FD-MIMO study phase. If there is a need, it is also possible to use BI feedback with class B for supporting CoMP DPS. The merit of this approach is that CSI processing relaxation principle for multiple CSI processes can be reused for class B with K>1. The specification efforts on CSI processing complexity can be minimized.  

Proposal 2: In Rel-13 the support of class B with K> 1 can be based on the parameter “SupportedCSI-Proc”. The joint operation of class B with K>1 and multiple CSI processes is not required.

In the last meeting, it was proposed that the number of configured CSI-RS resources can be defined across multiple CCs and multiple CSI processes. The assumption is that if UE is capable of DL CA and CoMP then the extra baseband processing capability from the non-active CCs can be reused to the active CCs to support more channel measurement and CSI estimation. However, this may require to define new UE capability parameters across all the CCs. In addition, the current principle for CSI processing relaxation based on the number of unrefreshed CSI processes per CC needs to be changed also. Additional specification efforts should be considered. 
Proposal 3: New UE capability parameters for CSI reporting defined across all the CCs should be studied.

For class A, new UE capability parameter is needed. It shall be discussed whether a single capability parameter is sufficient, such as tm10-With-16Tx, or using multiple parameters for different antenna and codebook configurations. Considering UE implementation efforts it is preferable to have multiple capability parameters for different antenna and codebook configurations. 

Proposal 4: Multiple UE capability parameters for class A CSI reporting can be defined for supporting different antenna and codebook configurations.

4 Conclusion

In this contribution, we discuss the configuration of transmission mode and UE capability parameter for FD-MIMO. We have the following proposals:

Proposal 1: QCL-TypeB shall be optional for FD-MIMO if TM 10 is used.

Proposal 2: In Rel-13 the support of class B with K> 1 can be based on the parameter “SupportedCSI-Proc”. The joint operation of class B with K>1 and multiple CSI processes is not required.

Proposal 3: New UE capability parameters for CSI reporting defined across all the CCs should be studied.

Proposal 4: Multiple UE capability parameters for class A CSI reporting can be defined for supporting different antenna and codebook configurations.
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