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1. Introduction
CSI-RS coverage is an important issue in the CSI-RS design since it determines the receiver pilot strength at the channel estimation stage. There are two factors influencing the CSI-RS coverage:
· Beamforming (array gain)
· Available transmit power at each CSI-RS port
CSI-RS beamforming is realized by the combination of digital virtualization (CSI-RS port to TXRU mapping) and analog wideband virtualization (TXRU to antenna element mapping). Whether CSI-RS is beamformed or not determines the shape of the CSI-RS coverage. Beamformed CSI-RS has relatively long and narrow coverage, while non-beamformed CSI-RS has relatively short and wide coverage. A trade-off exists between the two coverage shapes.
Meanwhile, the second factor is more crucial since it affects the coverage strength, not the shape. Therefore, guaranteeing full transmission power (i.e., CSI-RS EPRE) to each CSI-RS antenna port is very important, which is mainly related to CSI-RS pattern (applied port multiplexing scheme) and CSI-RS port to TXRU mapping. In Rel-10, the CSI-RS port to TXRU mapping was treated as a pure implementation issue, and one-to-one mapping was considered as an ordinary scheme which results in poor power utilization. To compensate the power restriction on each CSI-RS port due to per-TXRU power constraint, FDM and CDM were chosen for multiplexing of different CSI-RS ports.
However, in EBF/FD-MIMO, as increasing the number of TXRUs is being discussed, the available transmit power of each TXRU may further decrease. Therefore, if one-to-one mapping is assumed again for CSI-RS port to TXRU mapping, the power restriction imposed to each CSI-RS port can be too much. For example, if the eNB is equipped with 64 TXRUs, each CSI-RS port can only utilize 1/64 of the total transmit power assuming no assistance from port multiplexing schemes.
In this contribution, focusing on the second bullet aspect, we discuss the effect of virtualization schemes on the CSI-RS coverage. We also propose a virtualization scheme which does not diminishes the CSI-RS coverage while enabling any desired CSI-RS beam shaping.

2. Discussion
In RAN1 #80bis meeting, the following definitions were made for non-precoded and beamformed CSI-RS-based schemes [2].
· Non-precoded: This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage.
· Beamformed: This category comprises schemes where (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions.
These definitions do not impose any restriction on the virtualization mapping for both cases. Therefore, the virtualization scheme can be discussed in general terms without focusing on a specific FD-MIMO scheme.
Figure 1 illustrates the overall architecture of the proposed antenna virtualization scheme. Here, we assume that the number of CSI-RS ports, TXRUs, and physical antenna elements is M, M, and N, respectively, where M is less than or equal to N. For simplicity, the number of CSI-RS ports and the number of TXRUs are assumed to be identical. Then, at each virtualization stage, the following complex linear transformation is performed:
1. CSI-RS port virtualization: M-point IDFT (or DFT) matrix
2. TXRU virtualization: Concatenation of M-point DFT (or IDFT) matrix and a logical TXRU virtualization matrix of size N-by-M
Note that DFT/IDFT matrix can be substituted by any unitary matrix with constant modulus amplitude. For example, if M is a power of two, the Hadamard matrix can also be used.



[bookmark: _Ref419116062]Figure 1. Overall architecture of proposed CSI-RS virtualization scheme



[bookmark: _Ref419117073]Figure 2. Effective representation of Figure 1
At the first stage, the m-th CSI-RS port is mapped to all M TXRUs according to the weights constituting the m-th column of the IDFT matrix. Then, at the second stage, the effect of antenna port virtualization is canceled out by the analog DFT operation, which results in one-to-one mapping between CSI-RS ports and logical TXRUs. The effective representation of Figure 1 after deleting the IDFT and DFT blocks is shown in Figure 2. Now, effectively, the overall virtualization can be implemented by a single stage TXRU virtualization between logical TXRUs (= CSI-RS ports) and antenna elements. For non-precoded CSI-RS-based schemes, one-to-one or subarray mapping can be applied here. For beamformed CSI-RS-based schemes, subarray partitioning or full-connection can be applied. Even for beamformed CSI-RS, subarray type TXRU virtualization may be beneficial for better CRS coverage and beam oversampling.
Based on this architecture, each CSI-RS port is mapped to all M TXRUs with constant modulus amplitude. Therefore, each CSI-RS port can utilize full transmission power regardless of the type of port multiplexing schemes (FDM/TDM/CDM) and the type of logical TXRU virtualization. This implies that both non-precoded CSI-RS-based and beamformed CSI-RS-based schemes can be implemented without causing any CSI-RS coverage loss.
Comparing with the CSI-RS pattern-based approach which may incur problem for more than 8 TXRUs, this virtualization-based approach is robust to the large number of TXRUs. That is, for any number of TXRUs, full power transmission can be guaranteed at the OFDM symbols containing CSI-RSs.
On the other hand, in the case of CDM, multiple ports are CDM-ed within the same REs. Hence, if the proposed scheme is applied across the CDM-ed ports, the power of the IDFT outputs may not be uniform, and this may increase the PAPR in the spatial domain. However, in the current specification, only two ports are CDM-ed within the same REs. Therefore, if this is considered to affect the implementation cost or complexity, we can simply do not apply the proposed virtualization mapping across the CDM-ed ports, i.e., the CDM-ed ports can be mapped to different sets of TXRUs. This is since the current CSI-RS patterns already support one-to-one mapping for CSI-RS port virtualization up to 8 ports. Thus, not all CSI-RS ports need to join the proposed DFT/IDFT based mapping. As another example, in the case of 2D CSI-RS ports, one-to-one port to TXRU mapping can be applied to up to 8 TXRUs in the horizontal and polarization domains, and the full-connection mapping can be applied within each column.
Observation 1: Based on a well-designed virtualization scheme, both non-precoded CSI-RS-based scheme and beamformed CSI-RS-based scheme can be implemented without causing CSI-RS coverage loss with large numbers of TXRUs.
[bookmark: _GoBack]Proposal 1: For EBF/FD-MIMO, potential CSI-RS enhancements for more than 8 TXRUs take into account antenna virtualization schemes.

Figure 3 illustrates beam patterns for non-precoded CSI-RS and beamformed CSI-RS in the vertical domain when the proposed virtualization scheme with M=4 and N=8 was applied. For logical TXRU virtualization, subarray mapping (1/sqrt(2)*[1;1]) was applied for non-precoded CSI-RS, and full connection with DFT-based tilting angles (75, 85, 95, 105) degrees was applied for beamformed CSI-RS.
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[bookmark: _Ref419193609]Figure 3. Beam patterns examples based on the virtualization in Figure 1
The curves show a general tendency that beamformed CSI-RS has long and narrow beams with different directions and non-precoded CSI-RS has relatively short and wide beams on the same direction. Due to the larger array gain, beamformed CSI-RS-based schemes can appreciate better channel estimation performance. However, some UEs may report relatively poor CQI due to sparse beam resolution (only 4 beams in this example). In this sense, non-precoded CSI-RS-based schemes have a larger potential to provide high throughput gains based on finer CSI feedback granularity using the codebook. Although not directly compared here, if one-to-one mapping is applied to CSI-RS port virtualization, the overall beam gains will be degraded by 6 dB, which would result in the poor channel estimation performance especially for cell edge UEs.

3. Conclusions
In this contribution, we have investigated the effect of virtualization schemes on CSI-RS coverage for EBF/FD-MIMO. We suggest the following proposal:
Observation 1: Based on a well-designed virtualization scheme, both non-precoded CSI-RS-based scheme and beamformed CSI-RS-based scheme can be implemented without causing CSI-RS coverage loss with large numbers of TXRUs.
Proposal 1: For EBF/FD-MIMO, potential CSI-RS enhancements for more than 8 TXRUs take into account antenna virtualization schemes.
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