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Introduction
At the RAN1 #81 meeting, the SI on elevation beamforming and full-dimension (FD) MIMO for LTE was successfully completed [1]. Several specification based enhancement are identified for enabling high system performance with 3D MIMO.  At the RAN #68 meeting, the WI, elevation beamforming/full-dimension (FD) MIMO for LTE, has been approved with the objective shown as follows [2].· 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
· Beamformed CSI-RS
· SRS capacity improvement
· Support for SRS transmission with 4TX antennas as a second priority
· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
· Specify enhancements on CSI reporting in the following areas [RAN1]
· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 
· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports
· Specify higher layer support of enhancements listed above [RAN2]
· Specify the necessary UE (if any) core requirements [RAN4]

One of the fundamental topics is to design non-precoded 12 and 16-Tx CSI-RS to support higher-order MIMO transmission. In this contribution, we discuss the enhanced non-precoded CSI-RS design for elevation beamforming and FD-MIMO.
Resource Element Mapping for 12/16-Tx CSI-RS
Fig. 1 shows RE mapping of Rel. 10 CSI-RS for different number of antenna ports. 
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Figure 1: RE mapping of Rel. 10 CSI-RS
These RE mapping were designed in order to avoid a collision to other physical channels and signals, e.g., PDCCH, CRS and DM-RS, and total 40 REs are reserved per PRB pair for all the AP configurations. These 40 REs should be reused for REs for 12/16-Tx CSI-RS. Fig. 2 shows examples of RE mapping for 12/16-Tx CSI-RS. Here, for 16-Tx CSI-RS, the number of available orthogonal resources will be 2 (=40/16), if existing RE pool is reused and this may not be enough as a realistic number of reuse factor. Followings are candidates to increase the reuse factor for higher-order CSI-RS.
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Figure 2: Examples of RE mapping for 12/16-Tx CSI-RS
· TDM with multiple subframes
Fig. 3 shows an image of TDM based 16-Tx CSI-RS RE mapping pattern, in which two subframes, with the separation of k TTIs, are used to map 16-Tx CSI-RS. In order to avoid the influence of frequency offset, which can’t be fully compensated by frequency tracking, the value k should be small such as 1. Nevertheless, impact of frequency offset should be carefully studied for this scheme.
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Figure 3: RE mapping for 16-Tx CSI-RS with TDM
· FDM with multiple PRB pairs
Fig. 4 shows an image of FDM based 16-Tx CSI-RS RE mapping pattern, in which two adjacent PRB pairs are used to map 16-Tx CSI-RS. For this scheme, impact to the channel estimation accuracy should be carefully verified, since CSI-RS density in the frequency domain decrease by half.
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Figure 4: RE mapping for 16-Tx CSI-RS with FDM
· Enhancement on the number of CSI-RS REs in one subframe
If we don’t follow the restriction of existing resource pool, residual REs can be used for CSI-RS REs. For instance, 49 REs are newly reserved, if PDSCH region is replaced to CSI-RS. Furthermore, 27 REs are additionally reserved, if DM-RS regions are reused. These subframes with a number of CSI-RS REs may be no longer useful for PDSCH transmission, since the number of residual REs is quite limited. Hence, they can be used as subframes dedicated for CSI estimation. Note that this scheme may require relatively larger standardization workload compared to other schemes.
According the analysis above, we can make the following proposals.
Proposal 1: Following schemes are considered for non-precoded CSI-RS enhancement
· RE mapping using two adjacent subframes
· RE mapping using two adjacent PRB pairs
· Enhancement on the number of CSI-RS REs per single PRB pair
CSI-RS Configuration for 12/16-Tx CSI-RS
Based on the determination of RE mapping, it is necessary to discuss how CSI-RS is configured via RRC signaling. Followings are two major candidates for CSI-RS configuration for 12/16-Tx CSI-RS, if 40 REs are maintained as CSI-RS REs.
· Alt. 1: New RE mapping is designed for 12/16-Tx CSI-RS
· Alt. 2: RE mapping for 12/16-Tx CSI-RS is configured by multiple 1/2/4/8-Tx CSI-RS configurations, e.g., 12-Tx CSI-RS is configured by three 4-Tx CSI-RSs
There are several benefits for Alt. 2. Firstly, it is more flexible considering the future proof. For instance, if other CSI-RS APs, e.g., 10, 14, …, 32-Tx CSI-RS, will be considered in a future release, same mechanism can be reused. Secondly, it is possible to utilize the multiple configurations to implicitly indicate the antenna structure, e.g., three 4-TX configurations can implicitly indicate that the number of vertical and horizontal APs are three and 4, respectively. In addition, Alt. 2 may require smaller specification impact but achieves higher flexibility on RE mapping.
Besides, Alt. 2 may be also applicable for beamformed CSI-RS configuration. Assuming that three 4-Tx CSI-RS configurations are signaled to UE, it can be recognized as three beamformed CSI-RSs, where each of them is 4-Tx CSI-RS. Therefore, Alt. 2 brings a single CSI-RS enhancement framework that is applicable for both non-precoded and beamformed CSI-RS based schemes. 
Proposal 2: If existing CSI-RS RE pool is reused for Rel. 13, RE mapping for 12/16-Tx CSI-RS can be configured by multiple Rel. 12 CSI-RS configurations.
Summary
In this contribution, we discuss the enhanced non-precoded CSI-RS design for elevation beamforming and FD-MIMO. Based on the discussion, we made the following proposals.
Proposal 1: Following schemes are considered for non-precoded CSI-RS enhancement
· RE mapping using two adjacent subframes
· RE mapping using two adjacent PRB pairs
· Enhancement on the number of CSI-RS REs per single PRB pair
[bookmark: _GoBack] Proposal 2: If existing CSI-RS RE pool is reused for Rel. 13, RE mapping for 12/16-Tx CSI-RS can be configured by multiple Rel. 12 CSI-RS configurations.
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