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1. Introduction
The work item on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE was approved in the 3GPP RAN#68 meeting [1].  One of the objectives of the WI is, 
· 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
        …

This contribution gives our views on the potential CSI-RS enhancements schemes for non-precoded CSI-RS.
2. Numbering of 16-port CSI-RS
For non-precoded CSI-RS, as captured in WID, 12 or 16 CSI-RS ports using full-port mapping need to be specified in Rel-13. As agreed in RAN1 #82 meeting, 12- or 16-port NZP CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe. For instance, a 16 port CSI-RS can be constructed by combining two 8-port CSI-RSs, and a 12 port CSI-RS can be consisted of three 4-port CSI-RSs or six 2-port CSI-RSs. 
The antenna numbering principle is numbering the same polarization first then the other polarization. Fig.1 and Fig.2 show the numbering of the traditional 8-path cross-polarized antenna and the new 16--path cross-polarized antenna, respectively. The antenna numbering in Fig. 1 and 2, although not explicitly specified, are according to the codebook design in [2][3]. 
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Fig.1 Antenna numbering of 8-path cross-polarized antenna
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Fig.2 Antenna numbering of 16-path cross-polarized antenna
For 16-port CSI-RS pattern consisted by two 8-port CSI-RSs, it looks attractive to configure one set of 8-port CSI-RS with number 0~7 (corresponding to antenna number 0~7) and the other set of 8-port CSI-RS with number 8~15 (corresponding to antenna number 8~15), as illustrated in Fig.3. However, such numbering would cause much performance degradation for legacy UEs.
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Fig.3.  Illustration of one possible aggregated 16-port CSI-RS design
From Fig.2 and Fig.3, we can see that each set of 8-port CSI-RS in the aggregated 16-port CSI-RS pattern represents CSI-RSs transmitted from antennas with the same polarization. Since legacy UEs only know the traditional 8-port CSI-RS configuration (e.g. numbered 0~7), they can only obtain CSI-RSs from the same polarized antennas (e.g. also numbered 0~7) as illustrated in Fig.4, which will mismatch the traditional 8Tx codebook design. 
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Fig. 4.  Antennas for legacy UE’s CSI-RS transmission
In order to improve legacy UEs’ CSI-RS channel estimation accuracy, the following approach can be considered:
Renumbering the aggregated 16-port CSI-RS as illustrated in Fig.5, in order to make sure that the legacy UE can obtain CSI-RSs from the 8 cross-polarized antennas. The first set of 8-port CSI-RS (numbered 0~3 and 8~11) of the aggregated 16-port CSI-RS represents the 8 cross-polarized antennas (also numbered 0~3 and 8~11) as shown in Fig.6, which is more aligned with legacy 8Tx codebook design compared with the CSI-RS port numbering in Fig. 3.
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Fig. 5.  Illustration of 16-port CSI-RS renumbering
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Fig. 6.  Antennas for legacy UE’s CSI-RS with port renumbering
Another possible solution is to configure a separate 8 port CSI-RS for legacy UEs, however such solution is not very preferred due to unnecessary CSI-RS overhead. Moreover, nested property of CSI-RS is well supported since Rel-10, and the nested property should be supported as well in Rel-13. Therefore we propose:
Proposal 1. In order to ensure proper operation for legacy UEs, the aggregated 16-port CSI-RS numbering should follow the principle that each 8-port CSI-RS represents the 8 cross-polarized antennas. One example is shown in Fig.5.
3. Conclusion
This contribution discusses potential CSI-RS enhancements schemes for non-precoded CSI-RS and following proposal is made.
Proposal 1. In order to ensure proper operation for legacy UEs, the aggregated 16-port CSI-RS numbering should follow the principle that each 8-port CSI-RS represents the 8 cross-polarized antennas. One example is shown in Fig.5.
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