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1 Introduction
In EB/FD-MIMO, two basic CSI measurement schemes are discussed, using either beamformed or non-precoded CSI-RS. In our view, both schemes should be supported and in this contribution we discuss CSI-RS in beamforming operation.  

2 Discussion

When the UE is configured to measure beamformed CSI-RS, we propose to use groups of two NZP CSI-RS antenna ports which can be interpreted as belonging to a “beam” (although a “beam” definition will not be visible in the specifications). How the CSI feedback is supposed to work is further elaborated in [1]. 
Proposal: Define groups of 2 CSI-RS ports to be interpreted as a “beam CSI-RS”. 

A Rel.13 UE can be configured with a NZP CSI-RS resource with 1,2,4,8,12 or 16 ports. Note that although the extension to 12 and 16 ports are intended for NP CSI-RS transmission schemes according to the WID, it would be straightforward to use them also for beamformed CSI-RS once they are defined (if option 1 below is adopted). As one beam requires 2 ports, there are two options on how to configure beamformed CSI-RS ports:

· Option 1: A single NZP CSI-RS resource of N={2,4,8,12,16} ports. The resource is interpreted as N/2 different 2 port NZP CSI-RS sub-resources, where each group of two ports corresponds to the two polarizations of a 2D-beam (a 2D beam has an azimuth plus a horizontal pointing direction). 

· Option 2: A multiple M of 2 port NZP CSI-RS resources where each CSI-RS resource corresponds to the two polarizations of a 2D-beam. 
In option 1, a NZP CSI-RS resource can be configured to support up to 8 beams and the NZP CSI-RS is split into port pairs. Each port pair has unique port numbers. In option 2 on the other hand, each port pair use port 15 and 16 since it is a 2 port resource, but with different CSI-RS configurations. In any case, introduction of some identification, such as a “port pair index” is needed to support the selection and beam index feedback. See the table below.
Option 1 has some drawbacks, the number of port pairs (i.e. beams) per CSI process is in Rel.13 limited to 8 since a Rel.13 NZP CSI-RS resource has at most 16 ports. The benefit of option 1 may be slightly less RRC signaling since a group of beams is configured in one configuration message. In option 2 on the other hand, up to 20 beams can be supported per CSI process in FDD. Another benefit of option 2 is the greater flexibility as any 2 port CSI reference signal configurations can be assigned to any arbitrary port pair and an odd number of beams such as 4 or 5 can be supported. 
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Port pair CSI-RS Port  CSI-RS Port

(beam) number number
0 15,16 15,16
1 17,18 15,16
2 19,20 15,16
3 21,22 15,16
4 23,24 15,16
5 25,26 15,16
6 27,28 15,16
7 29,30 15,16
8 N/A 15,16
9 N/A 15,16




We have a preference for Option 2:
Proposal: For a CSI process where the UE is configured for CSI feedback according to beamformed CSI-RS, introduce a number K of CSI-RS antenna port pairs where each port pair is a 2 port CSI-RS configuration. If K>1 is configured the UE then performs port pair selection before computing CSI on the selected ports. If K=1 is configured, then only CSI reporting on the assigned port pair is performed.
The maximum number K of beams a CSI process can be associated with is FFS. Additionally, K=1 should be supported as it provides the lowest overhead and it can be used in scenarios where this is no need for additional robustness. These are the alternatives for enhancements for beamformed CSI-RS, with increasing benefits but also complexity:

1. The UE is RRC configured with K port pairs (i.e beams) per CSI process. Each port pair is a 2-port CSI-RS configuration from Rel.10 definitions. The UE selects a port pair and reports rank (1 or 2), PMI (port co-phasing) and CQI per codeword assuming PDSCH transmission over the selected port pair plus log2(K) bits to indicate the selection. A starting point could be K=8 beams but the value K can be configurable and K=1 should be included in case eNB obtains accurate beam direction information by other means, like DRS or UL measurements. 
2. Same as 1, but the UE jointly selects more than one port pairs so that richer CSI feedback can be obtained at eNB. This also allows for RI>2 and can be seen as beam aggregation. For example, the UE takes the four ports associated to two beams and treats that as  four ports and applies the four port codebook to determine PMI, RI and CQI. 
3.  The UE is RRC configured with K’>K port pairs per CSI process. Each port pair is a 2-port CSI-RS configuration from Rel.10 definitions. The eNB signals dynamically in DCI a subset of K out of K’ port pairs. Then, procedure as of 1 or 2 follows for the CSI reporting.

The set of K’ configured port pairs could be significantly larger than the measurement capability of the UE. This speaks in favor of option 2 in configuring beamformed  CSI-RS ports, since the number of 2 port CSI-RS configurations in the set could be large and resources need not necessarily be constrained to the same subframe as they are individual Rel.10 CSI-RS resources.  
3 Conclusion

We have the following proposals:
Proposal: Define groups of 2 CSI-RS ports to be interpreted as a “beam CSI-RS”. 

Proposal: For a CSI process where the UE is configured for CSI feedback according to beamformed CSI-RS, introduce a number K of CSI-RS antenna port pairs where each port pair is a 2 port CSI-RS configuration. If K>1 is configured the UE then performs port pair selection before computing CSI on the selected ports. If K=1 is configured, then only CSI reporting on the assigned port pair is performed.
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