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1 Introduction
In the RAN#71 meeting a Rel-14 work item on Enhancements on Full-Dimension MIMO for LTE was approved [1]. One of the objectives defined in the work item is to specify enhancements for the NZP CSI-RS reference signals to support up to 32 antenna ports. In the RAN # 85, it was concluded to further study the benefits of OCC8 for Rel-14 CSI-RS.
	Conclusion:

· Further discussion till RAN1#86, especially regarding evaluating different alternatives, e.g., using OCC 2/4/8, high reuse of CSI-RS, etc.


In this contribution we provide comparison of CSI-RS with OCC-4 and OCC-8 and provide views on the possible support of OCC-8 in DL subframes.
2 Discussion
2.1 Support of higher order OCC
In Rel-13 the OCC-4 was introduced to support full power utilization for CSI-RS transmission. The OCC-4 spreading is applied to 4 CSI-RS antenna ports within the same CSI-RS resource. For Rel-14 NZP CSI-RS resource the issue of the full power utilization should be also considered by extending the existing OCC-4 spreading to OCC-8. Comparing to Rel-13 NZP CSI-RS design, to avoid the power boosting above 6dB, the OCC-8 spreading should be applied across the two or more aggregated CSI-RS resources to provide CSI-RS antenna port transmission at least across 4 OFDM symbols. Figure 1 shows an example of the OCC mapping within a sub-frame, where one colour corresponds to the 8 multiplexed CSI-RS antenna ports using OCC-8 codes. In Figure 1a, the OCC spreading is applied across 4 OFDM symbols and 2 adjacent subcarriers, while in Figure 1b across 8 OFDM symbols. Note that the CSI-RS resources used in the Figure-1 are not compatible with the legacy UE’s CSI-RS resources. 
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Figure 1: Examples of OCC-8 mapping across 2 or 4 CSI-RS resources
In Figure-2, we show another example of multiplexing 8 ports using OCC-8, where the OCC spreading is applied across 4 OFDM symbols and 2 adjacent subcarriers. One colour corresponds to the 8 multiplexed CSI-RS antenna ports using OCC-8 codes. The resources used in the Figure-2 are compatible with the legacy UE’s CSI-RS resources.
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Figure 2: Example of OCC-8 mapping across 2 sub-carriers and 4 OFDM symbols, that is compatible with the Rel-13 CSI-RS resource elements.
To evaluate the performance benefits of OCC-8 the link-level evaluations were carried out for PDSCH throughput. The realistic channel measurement on NZP CSI-RS with 32 antenna ports, using the CSI-RS configuration of Figure-2, was used for CSI feedback. The maximum power boosting for NZP CSI-RS was set to 6dB which gives 3dB power advantage for CSI-RS with OCC-8 comparing to OCC-4. The PDSCH throughput performance vs SNR is provided in Figure 2. It can be seen the performance advantage of OCC-8 can be observed for MCS corresponding to 16QAM R = 1/2 and below, while limited gains has been observed for the higher MCS value (16QAM R=3/4). The higher performance gains for low MCS can be explained by the limited channel accuracy provided by OCC-4 processing.
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Figure 2: Performance comparison of PDSCH throughput relying on CSI feedback calculated on NZP CSI-RS with OCC-8 and OCC-4

Summarizing the discussion above the following proposal can be made:

Proposal:

· To achieve full power utilization consider OCC-8 for Rel-14 NZP CSI-RS resource with up to 32 antenna ports. The OCC-8 spreading can be applied in the time domain only or in both time and frequency domains.
· The legacy UE’s CSI-RS resources can be used to support OCC-8 for up to 32 ports, where the OCC spreading is applied across 4 OFDM symbols and 2 adjacent subcarriers.
2.4 Additional CSI-RS resource elements

In Rel-10 CSI-RS signals were designed in such way to avoid possible collision with other reference signals such as CRS. More specifically the OFDM symbols used for CSI-RS are different from the OFDM symbols used for CRS transmission. Such design assumption for CSI-RS perfectly avoids the collision with CRS for any CRS shift. For Rel-14 timeframe, it is expected that most of the devices would be already capable of DM-RS support for at least TM9. Therefore, the CRS transmission in every downlink subframe would not be critical from the system perspective. Under given assumption and to reduce the overhead associated with simultaneous CRS and DM-RS transmission, the CRS-free subframes (e.g. MBSFN subframes) should be also considered as realistic assumption for the networks supporting Rel-14 FD-MIMO. For such subframes, the additional resource elements of the downlink subframe can be released for CSI-RS transmission to increase the number of CSI-RS configurations. More specifically, the OFDM symbol 3,4 and 7,8 may be considered as possible candidate symbols for Rel-14 NZP CSI-RS transmission (see Figure 5). Introduction of the additional REs for NZP CSI-RS would provide easier way to support OCC-8 and therefore should be considered for specification.
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Figure 5: Candidate CSI-RS resource elements for Rel-14 specification  

Proposal:

For Rel-14 NZP CSI-RS, consider additional resource elements for CSI-RS transmission assuming CRS-less subframes (e.g. MBSFN subframes)
Summary

In this contribution we have provided comparison of CSI-RS with OCC-4 and OCC-8 and provide views on the possible support of OCC-8 in the DL subframes. The following proposals were made:

Proposals:
· To achieve power utilization consider OCC-8 for Rel-14 NZP CSI-RS resource with up to 32 antenna ports. The OCC-8 spreading can be applied in the time domain only or in both time and frequency domains.

· The legacy UE’s CSI-RS resources can be used to support OCC-8 for up to 32 ports, where the OCC spreading is applied across 4 OFDM symbols and 2 adjacent subcarriers.
· For Rel-14 NZP CSI-RS, consider additional resource elements for CSI-RS transmission assuming CRS-less subframes (e.g. MBSFN subframes)
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