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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 this contribution we provide our views about the structure of NZP CSI-RS with up to 32 antenna ports including signalling aspects, density of CSI-RS, additional resources, antenna port indexing and interference handling from CSI-RS.
2 Discussion
CSI-RS resource signalling

In Rel-13 support of NZP CSI-RS resource with 12 and 16 antenna ports was introduced for Class A FD-MIMO [2]. The Rel-13 NZP CSI-RS reference signals are reusing the existing Rel-10 CSI-RS resources within the same downlink sub frame. The extension to a larger number of antenna ports was provided by aggregation of multiple CSI-RS resources with smaller number of antenna ports. More specifically, the resource elements for NZP CSI-RS resource with 16 antenna ports is supported by aggregation of 2 CSI-RS resource configurations with 8 antenna ports and NZP CSI-RS resource with 12 antenna ports is supported by aggregation of 3 CSI-RS resource configurations with 4 antenna ports.
According to Rel-14 work item objectives [1], support of 20, 24, 28 and 32 antenna ports should be considered as potential candidates for the specification. The benefits of such number of antenna ports and the corresponding port layouts for codebook design should be established by RAN1 as part of the work item, however the existing Rel-13 framework of supporting NZP CSI-RS resource with up to 32 antenna ports may be considered as a starting point for the possible Rel-14 specification. More specifically, similar to Rel-13 design, NZP CSI-RS resource elements (for the all considered candidate number of antenna ports) can be obtained by aggregation of the CSI-RS resources with 4 antenna ports. In some cases, e.g. for 24 and 32 antenna ports, the aggregation of the CSI-RS resources with 8 antenna ports could be also possible to provide support of Rel-14 NZP CSI-RS resource. Based on the discussion above we propose to consider the existing CSI-RS aggregation framework to support up to 32 antenna ports for CSI-RS in Rel-14:

Proposal:

· Support of Rel-14 NZP CSI-RS resource with 20, 24, 28 and 32 candidate antenna ports should be based on the existing framework of aggregating multiple CSI-RS resources with 4 or 8 antenna ports.
Density of CSI-RS for class A FD-MIMO

As a part of the work objective the mechanism to reduce the Class A overhead was proposed. One of the solution to reduce the overhead could be the reduction of the CSI-RS density in the frequency domain. On the other hand, the Rel-10 study shows that the existing density of 1 RE per antenna port per PRB is already a low bound to support the reliable channel measurement for CSI in the rich scattering environment (e.g. ETU channels). Therefore, we propose to keep the existing CSI-RS density for Rel-14 NZP CSI-RS design. 

Proposal:

· For Class A CSI-RS with up to 32 antenna ports, keep the Rel-10 assumption for CSI-RS density in the frequency domain, i.e. 1 RE per PRB per antenna port. 
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 1). 
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Figure 1: 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)
CSI-RS antenna port indexing

In Rel-13 FD-MIMO two approaches of NZP CSI-RS resource antenna port indexing after aggregation of CSI-RS resources were agreed. The antenna ports indexing could be different depending on the OCC length employed for CSI-RS antenna port multiplexing. 
For OCC-2 the antenna port index ’p’ after CSI-RS resource aggregation is given by:
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which allows channel measurement on the subset of the cross-polarized antenna ports by using the legacy CSI-RS configurations with 2, 4 and 8 antenna ports. On the other hand, due to lack of the backward compatibility support for OCC-4, such requirement was not considered for OCC-4. Therefore, the antenna port index ‘p’ after aggregation of CSI-RS resources with OCC-4 follows a simpler approach, i.e.,
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In Rel-14, with introduction of up to 32 antenna ports for NZP CSI-RS resource, the backwards compatibility issue for OCC-4 becomes also valid due to Rel-13 UEs already supporting OCC-4. More specifically, the Rel-14 NZP CSI-RS resource design and antenna port indexing for OCC-4 should also allow channel measurements from the subset of the cross-polarized antennas by the Rel-13 UEs supporting at most 16 antenna ports. For example, Figure 2 shows the 4x4 antenna port layout with 32 antenna ports for NZP CSI-RS resource. It is supported by the aggregation of the 4 CSI-RS resources with 8 antenna ports each. It can be seen that Rel-13 NZP CSI-RS resource can be mapped to the cross polarized antennas and indicated to the Rel-3 UE via aggregation of the 1st and 3rd CSI-RS resources. The same analysis should be carried out for any other antenna port layouts identified for Rel-14 specification.
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Figure 2: Example of antenna port indexing after aggregation 

Summarizing discussion above the following proposal can be made:
Proposal:

· For each identified antenna port layouts to be supported in Rel-14 with more than 16 antenna ports discuss further whether the existing antenna port indexing scheme is sufficient to support channel measurements from the subset of antenna ports corresponding to cross polarized antennas by Rel-13 UEs. 
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 3 shows the example of the OCC mapping within the subframe, where one colour corresponds to the 8 multiplexed CSI-RS antenna ports using OCC-8 codes. In Figure 3a, the OCC spreading is applied across 4 OFDM symbols and 2 adjacent subcarriers, while in Figure 3b across 8 OFDM symbols.
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Figure 3: Examples of OCC-8 mapping across 2 or 4 CSI-RS resources
Proposal:

· 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.
Interference from CSI-RS

In Rel-10 NZP CSI-RS were considered as low density signals due to relatively large periodicity and the limited number of the used REs in the subframe. As a result, the inter-cell interference issue from Rel-10 NZP CSI-RS signals was not usually considered. In Rel-14, with possible introduction of the larger number of CSI-RS antenna ports, such low density signal assumption may not be valid and interference impact from CSI-RS transmission for the UEs served by the neighbouring TP should be considered (especially in TDD system).
For example, the existing CSI-RS signal on a given PRB and in a given OFDM symbol uses the same signal for modulation of the all antenna ports. In the highly correlated interfering channels (e.g. corresponding to LOS propagation), the interference from such NZP CSI-RS transmission may be correlated in a given PRB. Therefore, the impact of CSI-RS transmission with 32 antenna ports on PDSCH performance (and possibly colliding CSI-RS) of the neighbouring TP should be investigated in RAN1 taking into account the practical MMSE-IRC receivers. The possible approaches to improve the receiver performance such as CSI-RS IC should be also considered.
Proposal:

· RAN1 to investigate the interference impact from CSI-RS transmission with up to 32 antenna ports on the PDSCH (and possibly CSI-RS) performance of the neighbouring TP
Summary
In this contribution we provide our views about the structure of NZP CSI-RS with up to 32 antenna ports including signalling aspects, density of CSI-RS, additional resources, antenna port indexing and interference handling from CSI-RS. The following proposals were made:

· Support of Rel-14 NZP CSI-RS resource with 20, 24, 28 and 32 candidate antenna ports should be based on the existing framework of aggregating multiple CSI-RS resources with 4 or 8 antenna ports.

· For Class A CSI-RS with up to 32 antenna ports, keep the Rel-10 assumption for CSI-RS density in the frequency domain, i.e. 1 RE per PRB per antenna port. 
· For Rel-14 NZP CSI-RS, consider additional resource elements for CSI-RS transmission assuming CRS-less subframes (e.g. MBSFN subframes)
· For each identified antenna port layouts to be supported in Rel-14 with more than 16 antenna ports discuss further whether the existing antenna port indexing scheme is sufficient to support channel measurements from the subset of antenna ports corresponding to cross polarized antennas by Rel-13 UEs. 

· For each identified antenna port layouts to be supported in Rel-14 with more than 16 antenna ports discuss further whether the existing antenna port indexing scheme is sufficient to support channel measurements from the subset of antenna ports corresponding to cross polarized antennas by Rel-13 UEs. 
· RAN1 to investigate the interference impact from CSI-RS transmission with up to 32 antenna ports on the PDSCH (and possibly CSI-RS) performance of the neighbouring TP
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