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1. Introduction

In RAN #71 meeting, a new work Item, “Enhancements on Full-Dimension (FD) MIMO for LTE”, was approved [1]. With a two-dimensional active antenna array exploiting the elevation dimension as well as the azimuth dimension in MIMO system, it has been shown by intensive research that further improving system performance is possible to accommodate the increasing capacity demand. In LTE_A REl.13 specification, at most 16-port non-precoded CSI-RS has been supported to utilize two dimensional beamforming. Considering future deployment of LTE-A and beyond systems in high frequency band, it’s possible to further increase the antenna port with more than 16 TXRU’s, for higher multi-user multiplexing order. To this end, the objective of this WI [1] is to:

· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 

· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 

· Extend specification support for CSI reporting in the following areas [RAN1]

· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D

· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS

· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded

· Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas [RAN1]
· Necessary CSI reporting scheme, including with and without PMI; and/or

· Necessary open-loop transmission scheme

· Specify higher layer support of enhancements listed above [RAN2]

In this contribution, non-precoded CSI-RS based schemes with 32 ports are discussed. 
2. Considerations on non-precoded CSI-RS schemes for EBF/FD-MIMO
Starting from REl.10 CSI-RS port mapping, Figure 1 gives an example of CSI-RS mapping in the normal CP case. It’s shown that there are at most 20 2-port CSI-RS, or 10 4-port CSI-RS, or 5 8-port CSI-RS in one subframe. With further cell-specific sequence randomization and subframe period/offset configuration, it’s possible to mitigate easily the inter-cell CSI-RS interference.
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Figure 1 CSI-RS port mapping in REl.10.
In Rel.13, 16-port CSI-RS has been introduced by aggregating two 8-port CSI-RS, as defined in Table 1[2]. An example can be shown in Figure 2.

Table 1: Aggregation of CSI-RS configurations.

	Total number of 
antenna ports
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Figure 2 16 port non-precoded CSI RS by aggregation in Rel.13
Regarding the further extension from 16-port CSI-RS to 32-port CSI-RS, the first issue is whether 1 RE/RB/Port density will be maintained. If simply aggregating two 16-port CSI-RS into one 32-port CSI RS, there will be only one 32-port CSI-RS. Clearly, it’s difficult to mitigate the inter cell interference. One way to solve this issue is to aggregate 16-port CSI-RS from multiple subframes or multiple RB’s. In this case, the density of the resultant 32-port CSI-RS will be a half of that of the legacy system. Therefore, if we keep the overhead of CSI-RS as the same as legacy system, it’s necessary to reduce the CSI-RS density by a half when supporting 32-port CSI-RS.
Alternative 1: 32-port non-precoded CSI-RS with a density of 0.5 RE/RB/port, without increasing the RE used for CSI-RS from legacy system.
On the other hand, if we stick to the density of 1 RE/RB/port as legacy system to keep similar channel estimation performance, it’s possible to put CSI-RS on the unused RE’s in some subframes, e.g., the 3rd OFDM symbol of a subframe when PDCCH is squeezed within the first two symbols in one subframe, i.e., totally 64 RE’s for one 32-port CSI-RS with 24 RE’s from the 3rd unused OFDM symbol and 40 RE’s in the legacy CSI-RS position. 
Alternative 2: 32-port non-precoded CSI-RS with a density of 1 RE/RB/port, with increasing the RE used for CSI-RS.
Below, we give the detail examples for each alternative. 

2.1. 32-port CSI-RS mapping with a density of 0.5 RE/RB/port
One 32-port CSI-RS can be constructed by combining two 16-port CSI-RS from two continuous subframes or RB’s, as illustrated in Figures 3 and 4, respectively. From channel estimation perspective, the former suffers time domain channel variation while the latter is sensitive to the channel fluctuation in frequency dimension.
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Figure 3 32-port CSI-RS mapping with combining two 16-port CSI-RS from two subframes
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Figure 4 32-port CSI-RS mapping with combining two 16-port CSI-RS from two RB’s
2.2. 32-port CSI-RS mapping with a density of 1 RE/RB/port
Alternatively, if the requirement of backward compatibility can be relaxed to some extent, introducing new pattern is also a good choice, e.g. combining a legacy 16-port CSI-RS and some unused RE’s can yield a 32-port CSI-RS, as shown in Figure 5.
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Figure 5 32 port CSI-RS mapping with additional REs in one subframe.
Further, the aggregation and new RE introduction can be combined and thereby more 32-port CSI-RS patterns can be produced for inter-cell interference mitigation.

3. Conclusions
In this contribution, targeting the support of 32-port CSI-RS, possible solutions were investigated. Based on the discussion, we have following proposal:
Proposal: To investigate the following schemes on 32-port non-precoded CSI-RS:

Alternative 1: 32-port non-precoded CSI-RS with a density of 0.5 RE/RB/port.

And study the schemes shown in Figures 3 and 4.
Alternative 2: 32-port non-precoded CSI-RS with a density of 1 RE/RB/port.

And study the scheme shown in Figure 5.
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