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1 Introduction
In this contribution we will discuss the target transmission mode for FD-MIMO and the details of FD-MIMO configuration at the UE including configuration of CSI process, NZP CSI-RS resource, codebook and measurement restrictions.
2 Discussion
CSI process configuration
In Rel-11 a CSI process was defined as a combination of NZP CSI-RS resource for channel measurements and CSI-IM resource for interference measurements. The configuration of CSI process also includes indication of the power offset parameter Pc (that should be used by the UE to scale the channel measurements on CSI-RS before CSI calculation), CSI reporting parameters and the codebook type, if multiple codebook candidates are possible for a given number of the CSI-RS antenna ports.
In principle, the definition of a CSI process may be extended to include more than one NZP CSI-RS resource configuration with up to 8 antenna ports each to support class B CSI reporting schemes relying on NZP CSI-RS resource selection for CSI reporting. On the other hand, as discussed in our accompanying paper [2], support of such schemes can be provided by using conventional DRS based RSRP measurements and it seems there is no strong motivation to introduce an additional beam index report indicating the selected NZP CSI-RS resource. Moreover, support of more than one NZP CSI-RS resource per CSI process would require discussion on many other aspects related to CSI process support. For example, it would be necessary to clarify how CSI reporting complexity should be handled considering that a UE in the current specification is not required to update more than 5 CSI processes in a single DL subframe. With the introduction of multiple NZP CSI-RS resources per CSI process, a UE would need to evaluate the CSI for each of the configured NZP CSI-RS resource of one CSI process, which from UE implementation viewpoint would result into complexity increase much higher than the Rel-12 assumptions. Essentially, support of more than one NZP CSI-RS resource configuration with up to 8 antenna ports per one CSI processes has a lot of other consequences that are not yet understood in RAN1. Therefore, our preference is to keep the CSI process definition per Rel-11 as the combination of one NZP CSI-RS resource for channel measurements and one CSI-IM resource for interference measurements without modifications.
Proposal: 

· Keep the existing definition of a CSI process as the combination of one NZP CSI-RS resource and one CSI-IM resource.
Codebook configuration

In Rel-10 LTE-A the codebook is determined by the number of CSI-RS or CRS ports. FD-MIMO would require support of additional codebooks with 16, 12 and possibly 8 antenna ports. Given that FD-MIMO implies 2D port layout, the same amount of antenna ports may result into different codebook candidates for CSI. More specifically, considering 16 antenna ports, possible 2D port layouts are {4,2,2} or {2,4,2}, where each layout may be supported by a different codebook design. The ambiguity between multiple variants of the codebook with the same number of ports may be handled by configuration of the specific codebook index in the CSI process configuration. This is similar to the 4Tx codebook, where two codebook options for the same number of antenna ports is supported by configuration of 4Tx codebook in the CSI process. 
From the discussion above it seems also unnecessary to indicate a CSI-RS port layout to the UE as the codebook configuration is already sufficient for the UE to start CSI calculation and reporting. We also note that class A and class B CSI reporting can be also distinguished by the configuration of the codebook type (for the class B codebook based approach for CSI). Therefore, no new RRC parameters may be required for the indication of CSI reporting classes.
Proposal: 

· The codebook type should be configured for the CSI process to distinguish different port layouts.
NZP CSI-RS configuration

Rel-11 NZP CSI-RS configuration is defined as combination of the number of CSI-RS antenna ports, CSI-RS resource configuration, subframe configuration, scrambling identity and quasi co-location information. With the introduction of 12 and 16 antenna ports for class A CSI reporting and potentially new CSI-RS structure for class B CSI reporting, configuration of CSI-RS resources should be modified. More specifically as proposed in [2], the CSI-RS resource configuration should be replaced by the ordered signalling of one or more CSI-RS resource configurations (resourceConfig) with fixed number of antenna ports (e.g., 2). In this case, the total number of ports per NZP CSI-RS resource can be determined from the number of the configured CSI-RS resource configurations and signalling of the total number of antenna port parameter in NZP CSI-RS resource is not required. It should be noted that NZP CSI-RS resource may also require configuration of the channel measurement restriction, e.g., duration and offset of the measurement window. The other parameters of NZP CSI-RS may remain unchanged.
Proposal: 

· NZP CSI-RS configuration should include one or more ordered CSI-RS resource configurations corresponding to a fixed number of antenna ports (e.g., 2). The total number of configured antenna ports per NZP CSI-RS resource can be determined from the number of configured CSI-RS resource configurations:
· Measurement restriction such as duration and offset of the measurement window may be optionally configured for NZP CSI-RS resource
· No changes are required for the other NZP CSI-RS resource parameters

Supported TMs
Typically, the introduction of a new transmission mode is required when substantial changes in DCI or UE behaviour is introduced. For FD-MIMO the main enhancement areas are new codebook design supporting 2D port layouts and support of the enhanced CSI-RS structure with up to 16 antenna ports. Support of these enhancements in our view does not require the introduction of a new TM. Moreover, considering the simultaneous support of the FD-MIMO enhancements with other existing features such as CoMP and CA, it seems preferable to handle all FD-MIMO enhancements within the existing transmission modes using higher layer configuration. Similar to previous MIMO enhancements, the candidate transmission modes for FD-MIMO could be TM9 and TM10.
A potential DCI format change due to DM-RS support (that could also motivate introduction of a new TM) should be also avoided. More specifically, DM-RS enhancements are more preferable to handle using the existing DCI Formats 2C and 2D by configuring the alterative MIMO layer indication table of the same size [3].
Proposal: 

· RAN1 should strive to introduce FD-MIMO enhancement in the existing TM9 and TM10 without changing DCI formats
· DM-RS enhancements should be handled by higher layer configuration of the alternative MIMO layer indication table of the same size
3 Summary

In this contribution we discuss the target transmission mode for the FD-MIMO and the details of FD-MIMO configuration at the UE including configuration of CSI process, NZP CSI-RS resource, codebook and the measurement restrictions. Based on the discussion it is proposed:
Proposal: 
· Keep the existing definition of a CSI process as the combination of one NZP CSI-RS resource and one CSI-IM resource.
· The codebook type should be configured for the CSI process to distinguish different port layouts.
· NZP CSI-RS configuration should include one or more ordered CSI-RS resource configurations corresponding to a fixed number of antenna ports (e.g., 2). The total number of configured antenna ports per NZP CSI-RS resource can be determined from the number of configured CSI-RS resource configurations:

· Measurement restriction such as duration and offset of the measurement window may be optionally configured for NZP CSI-RS resource

· No changes are required for the other NZP CSI-RS resource parameters

· RAN1 should strive to introduce FD-MIMO enhancement in the existing TM9 and TM10 without changing DCI formats

· DM-RS enhancements should be handled by higher layer configuration of the alternative MIMO layer indication table of the same size
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