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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 agreed that the support for {20, 24, 28, 32} ports would be provided using aggregation of multiple CSI-RS configurations [i.e. RE patterns]. It was also discussed that the new enhancements would consider providing support of CSI-RS port sharing with Rel-13 and Rel-12 UEs. 
In this contribution we provide our views on enhancement of NZP CSI-RS to support up to 32 antenna ports including antenna port indexing and density of CSI-RS.
2. Background and agreement to provide CSI-RS support for up to 32 antenna ports
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 Rel-10 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. In RAN #85, it was agreed that similar to Rel-13 design, NZP CSI-RS resource supporting 20, 24, 28 and 32 antenna ports would be obtained by aggregation of multiple CSI-RS resources with smaller number of antenna ports. Specifically, it was agreed that 
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is aggregated as follows (where Mk is the # of CSI-RS ports in a CSI-RS configuration) 
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk is either 4 or 8, where the same Mk = M used for all k

· For {20, 28} ports, FFS till RAN1#86 (including possible down-selection)

· Alt 1: ∑k Mk ∈ {20, 28}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8. 

· If Mk=8 is supported, FFS the details

· Alt 2: ∑k Mk ∈ {20, 28}, Mk ∈ {4, 8}, where Mk may be different for different k

It was also discussed that the new enhancements would consider providing support of CSI-RS port sharing with Rel-13 and Rel-12 UEs.
3. Discussion on CSI-RS resource aggregation and antenna port indexing
In Rel-13, support of NZP CSI-RS resource with 12 and 16 antenna ports was provided by aggregation of multiple Rel-10 CSI-RS resources with three 4 and two 8 antenna ports respectively. Additionally, the antenna port indexing after aggregation depended on the OCC length employed for CSI-RS antenna port multiplexing. In Rel-14, with introduction of up to 32 antenna ports for NZP CSI-RS resource, backwards compatibility for OCC-4, along with OCC-2, is an important consideration 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. 
Another aspect discussed in RAN#85, is whether or not to support the aggregation of different values of Mk ∈ {4, 8}, specifically to support {20, 28} ports, where Mk is the # of Rel-10 CSI-RS ports in the kth aggregated CSI-RS configuration. However, we note that aggregating “2N” carefully chosen 4-port Rel-10 CSI-RS resources, using Rel-13 CDM-4 port indexing, is equivalent to aggregating “N”, 8-port Rel-10 CSI-RS resources. For example, in Figure-1, we show an aggregation of six Rel-10 4-port CSI-RS resources {A, F, B, G, E, J}. Note, that the same aggregation configuration can be thought as aggregating three Rel-10 8-port CSI-RS resources {{A, F}, {B, G}, {E, J}}. This observation does not hold for CDM-2 port indexing used in Rel-13.
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Figure-1:- Example of Rel-14 CSI-RS support for 24 antenna ports for OCC-4, that can be signalled using either Mk = 4, k = 0, 1, 2, 3, 4, 5 or Mk = 8 for k =0, 1, 2. This configuration is also compatible with Rel-13 CSI-RS for 16 antenna ports using Mk = 8, k = 0, 1.
Observation:
1. Aggregating “2N” carefully chosen 4-port Rel-10 CSI-RS resources, using Rel-13 CDM-4 port indexing, is equivalent to aggregating “N”, 8-port Rel-10 CSI-RS resources. This observation does not hold for CDM-2 port indexing used in Rel-13
    Proposal: 
1. Full power utilization is not achieved for {20, 24, 28, 32} CSI-RS ports even with OCC-4. Hence, support of OCC-2 for CSI-RS ports greater than 20 need not be considered.
3.1 Support {20, 24, 28, 32} CSI-RS antenna ports using Mk = M, where M ∈ {4, 8}, and OCC-4 for port multiplexing.
In this section, we provide design details of aggregating Rel-10 CSI-RS resources with Mk = M, where M ∈ {4, 8}, to support Rel-14 {20, 24, 28, 32} CSI-RS antenna ports. All the designs are for OCC-4 and use Rel-13 CDM-4 port indexing given by, 

p = k Mk + p’

where p is the port index after aggregation and p’ ∈ {15, 16, …, 15 + Mk-1}. We also show that all the designs in this section allow channel measurements from the subset of the cross-polarized antennas by the Rel-13 UEs supporting at most 16 antenna ports.
3.1.1 Support of 20 CSI-RS ports

In Figure-2, we show a design to support Rel-14 CSI-RS for 20 antenna ports using aggregation of five Rel-10 CSI-RS resources {A, F, E, B, G} with Mk = 4 antenna ports each for k = 0, 1, 2, 3, 4. A subset consisting of Rel-10 CSI-RS resources {A,F}  and {B,G} allows Rel-13 UEs to perform channel measurements 16 cross-polarized antenna ports using Mk = 8, k =0,1.
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Figure-2:- Example of Rel-14 CSI-RS support for 20 antenna ports using Mk = 4, k = 0, 1, 2, 3, 4. This configuration is also compatible with Rel-13 CSI-RS for 16 antenna ports using Mk = 8, k = 0, 1.
3.1.2 Support of 24 CSI-RS ports 
In Figure-3, we show a design to support Rel-14 CSI-RS for 24 antenna ports using aggregation of three Rel-10 CSI-RS resources { {A, F}, {B, G}, {E, J} } with Mk = 8 antenna ports each for k = 0, 1, 2. A subset consisting of Rel-10 CSI-RS resources {A, F}  and {E, J} allows Rel-13 UEs to perform channel measurements 16 cross-polarized antenna ports using Mk = 8, k =0,1.
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Figure-3:- Example of Rel-14 CSI-RS support for 24 antenna ports using Mk = 8, k = 0, 1, 2, which is also compatible with Rel-13 CSI-RS for 16 antenna ports using Mk = 8, k = 0, 1.
3.1.3 Support of 28 CSI-RS ports

In Figure-4, we show a design to support Rel-14 CSI-RS for 28 antenna ports using aggregation of seven Rel-10 CSI-RS resources {A, F, B, G, E, J, H} with Mk = 4 antenna ports each for k = 0, … , 6. Note, that for Rel-14 UE, it is also possible to signal aggregation of four (instead of seven) Rel-10 CSI-RS resources as {{A, F}, {B, G}, {E, J}, H} consisting of Mk = 8, k = 0, 1, 2 and M3 = 4, if mixed size Rel-10 CSI-RS resources are permitted to be aggregated. Thus reducing the signaling overhead. A subset consisting of Rel-10 CSI-RS resources {A, F}  and {E, J} allows Rel-13 UEs to perform channel measurements 16 cross-polarized antenna ports using Mk = 8, k =0,1. 
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Figure-4:- Example of Rel-14 CSI-RS support for 28 antenna ports using Mk = 4, k = 0, … , 6, which is also compatible with Rel-13 CSI-RS for 16 antenna ports using Mk = 8, k = 0, 1.
3.1.4 Support of 32 CSI-RS ports 
In Figure-5, we show a design to support Rel-14 CSI-RS for 32 antenna ports using aggregation of four Rel-10 CSI-RS resources { {A, F}, {B, G}, {C,H}, {E, J} } with Mk = 8 antenna ports each for k = 0, 1, 2, 3. A subset consisting of Rel-10 CSI-RS resources {{A, F}, {C, H}} or {{B, G}, {E, J}} allows Rel-13 UEs to perform channel measurements 16 cross-polarized antenna ports using Mk = 8, k =0, 1.
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Figure-5:- Example of Rel-14 CSI-RS support for 32 antenna ports using Mk = 8, k = 0, 1, 2, 3, which is also compatible with Rel-13 CSI-RS for 16 antenna ports using Mk = 8, k = 0, 1.
Summarizing discussion above the following proposal can be made:
Proposal:

1. Antenna port layouts to be supported in Rel-14 with more than 16 antenna ports can be obtained by using aggregation of equal sized Rel-10 CSI-RS resources. Further, this aggregation allows Rel-13 UEs to perform channel measurements on 16 cross-polarized antenna ports. 

    Observation: 

1. For CSI-RS ports 20 and 28, since the chosen 4-port CSI-RS Rel-10 configurations are part of 8-port Rel-10 CSI-RS configurations, there is a flexibility in the proposed design to be considered as aggregation of both 4-ports and 8-ports Rel-10 CSI-RS configurations. This can alleviate some of the UE complexity or signalling overhead issues.

Reduced density CSI-RS for class A FD-MIMO: 
In Rel-14 Class A FD-MIMO, support of 32 CSI-RS antenna ports is considered. This increases the potential overhead due to CSI-RS transmission, which can partially offset the spectrum efficiency gain of 32 antenna ports class A eFD-MIMO operation. Overhead reduction mechanisms were discussed in the RAN # 84bis meeting. Here, we evaluate a mechanism to reduce overhead using reduced density CSI-RS transmission. Specifically, we compare the PDSCH throughput performance of CSI-RS transmission, with density of 0.5 RE/PRB/port with that of 1 RE/PRB/port, for 32 port CSI-RS transmission with reuse factor of 1. The performance comparison is provided in Figure-4, where LP stands for lower payload or TBS size and HP stands for high payload or TBS size.
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Figure 4: PDSCH throughput comparison of reduced density CSI-RS for various channel models.
Observation:

1. For Class A CSI-RS with up to 32 antenna ports with reuse factor of 1, CSI-RS density of 0.5 RE/PRB/port provides a through put gain of about 2-3%, over a density of 1 RE/PRB/port, due to reduced overhead. 
Summary

In this contribution we provide our views about the structure of NZP CSI-RS with up to 32 antenna ports including antenna port indexing, signalling aspects, density of CSI-RS. The following proposals and observations were made:

Observations:
1.    Aggregating “2N” carefully chosen 4-port Rel-10 CSI-RS resources, using Rel-13 CDM-4 port indexing, is equivalent to aggregating “N”, 8-port Rel-10 CSI-RS resources. This observation does not hold for CDM-2 port indexing used in Rel-13
2.    For CSI-RS ports 20 and 28, since the chosen 4-port CSI-RS Rel-10 configurations are part of 8-port Rel-10 CSI-RS configurations, there is a flexibility in the proposed design to be considered as aggregation of both 4-ports and 8-ports Rel-10 CSI-RS configurations. This can alleviate some of the UE complexity or signalling overhead issues.

3.    For Class A CSI-RS with up to 32 antenna ports with reuse factor of 1, CSI-RS density of 0.5 RE/PRB/port provides a through put gain of about 2-3%, over a density of 1 RE/PRB/port, due to reduced overhead.

    Proposals: 
1. Full power utilization is not achieved for {20, 24, 28, 32} CSI-RS ports even with OCC-4. Hence, support of OCC-2 for CSI-RS ports greater than 20 need not be considered.

2. Antenna port layouts to be supported in Rel-14 with more than 16 antenna ports can be obtained by using aggregation of equal sized Rel-10 CSI-RS resources. Further, this aggregation allows Rel-13 UEs to perform channel measurements on 16 cross-polarized antenna ports.     
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