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1. Introduction
In RAN#65, the SI on elevation beamforming (EB) and full-dimension (FD) MIMO [1] was approved, where the objectives for Phase 2 are captured as follows:
	Phase 2 (Start at RAN1#79):
· Evaluate performance benefits of standard enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) using 3D-UMa and 3D-UMi channel models, taking into account the discussion and findings of the 3D channel model SI.
·  Performance evaluation for different numbers of TXRUs should be done with the following work plan. 
· Performance evaluation for 8 TXRUs starts at RAN1#79.
· Performance evaluation for {16, 32, 64} TXRUs starts at RAN1#80.
· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including
· Evaluate the need for defining additional measurement antenna ports up to 64 at maximum.
· Evaluate the need for reference signal design enhancements (including SRS, CSI-RS, and DMRS).
· Evaluate the need for enhancement of codebook and feedback mechanism for SU/MU-MIMO (including CQI definition, layer mapping, and precoder/rank indication).
· Evaluate the need for enhancement of channel reciprocity based operation.
· Evaluate the need for enhancement on diversity transmission scheme. 
· Evaluate the need for control signalling enhancement for SU/MU-MIMO (including support of higher dimensional MU-MIMO).
· Evaluate the need for support in the standards for eNB antenna calibration.
· The maximum number of received layers per UE should be unchanged (up to eight).
· Investigate whether additional methods are needed to ensure common channel coverage, cell/point selection and/or RRM measurement reliability.
· Develop design principles for the identified techniques and identify potential specification impact. 


In this contribution, we discuss the topics focused on reference signal (RS) design enhancements for supporting EB and FD-MIMO in both standard transparent and non-transparent aspects.

2. Discussions
In the approved SID objectives [1], the terminology of transceiver unit (TXRU) is introduced and the TXRU is considered as the active unit taking baseband signal as input and providing RF TX as output, which can independently control an amplitude and phase of transmit symbol [2]. For an eNB equipped with NU TXRUs and allowed with P[W] maximum power, it is desirable in terms of cost efficiency that each TXRU has its own maximum power constraint as P/NU. 
In Figure 1, the relationship between TXRU and antenna port/element is illustrated, where each port may be mapped to single/multiple TXRU(s) with virtualization matrix X and each TXRU may be connected to single/multiple transmit antenna element(s) by phase shifters corresponding to virtualization matrix Y. In what follows, we will only consider the overall virtualization matrix B for simplicity, which is the mapping from ports to antenna elements, i.e., a product of X and Y.
[image: ]
Figure 1. Block diagram of port–TXRU–elements mapping
One of important issues for this SI is which RS and how many RS ports would need to be measured by UE, when a large number of transmit antennas are implemented at the eNB side for EB or FD-MIMO operations. Firstly, how to configure CSI-RSs to the UE needs to be studied considering network overhead–performance tradeoff. Secondly, other RSs such as DMRS, SRS, and RS for RRM are also to be discussed during the study in terms of whether the existing RS configurations and usages are sufficient for properly supporting EB and FD-MIMO operations. Specifically, RRM aspects need to be carefully investigated due to potential coverage mismatch between data channel by larger beam gain and common control channel. In the following subsections, we discuss the above identified issues.
2.1. Enhancements on CSI-RS
Depending on implementation, CSI-RS to be seen and measured by UE can be virtualized across multiple antenna elements, as discussed in our companion contribution [3]. Although CSI-RS configuration is provided by UE-dedicated RRC signaling currently, a common CSI-RS configuration is in general given to UEs in one cell so that the UEs measure the CSI-RS and report corresponding CSI feedbacks. On the other hand, in EB and FD-MIMO operations, it is expected that different CSI-RS configurations with different beam directions can be configured to UE(s); a group of UEs located in similar geometry may share a common CSI-RS configuration. As a result, channels can be measured more accurately from the UE group specifically beamformed CSI-RS. 
Considering the systems where EB or FD-MIMO is operated by utilizing two-dimensional antenna array with a large number of antennas, it needs to be investigated whether N-port (N>8) CSI-RS configuration is necessary to be specified or not. For the massive MIMO systems with a large number of antenna elements, the number of ports for CSI-RS transmission would be increased proportionally as the number of antenna elements grows. Although a straightforward extension of the configurable number of CSI-RS ports to be over 8 can be considered, e.g., by extending candidate RE locations per PRB pair, it may lead to rather much impact to the specification including the modification of CSI-RS configuration with N>8 ports and corresponding RE locations, or a subframe level extension as well to cover much larger N-port CSI-RS configuration case. In addition, as N increases per CSI-RS configuration, RS resource overhead would be proportionally increasing which may result in the throughput reduction.
Proposal 1: It needs to be investigated whether N-port (N>8) CSI-RS configuration is necessary to be specified or not.
Based on the above observation, it seems desirable to reuse the current CSI-RS port configuration (up to 8 ports), and we may consider some approaches based on current CSI-RS configuration to support EB or FD-MIMO. In [4], it is shown that the channel correlation matrix can be well approximated by the Kronecker product of correlations in azimuth and elevation dimensions. Therefore, a combination of two CSI-RSs in azimuth and elevation dimensions for Kronecker precoding can be considered, where each CSI-RS can have up to 8 ports (as currently is the case) so that the total 64 ports can be represented by the Kronecker product property. More elaborations on how to utilize this can be found in our companion contribution [5], focusing on codebook and feedback enhancements.
Another potential approach would be relying only on a limited number of CSI-RS ports N to be configured and measured by UE at each measurement time instance, even in the case of larger number of antenna elements. Here, every time instance when the CSI-RS is transmitted, the N CSI-RS ports may be mapped to different antenna elements. There can be two types of CSI reporting procedures based on this configuration, which are elaborated in the companion contribution [5]. Overall, it is expected that, effectively, CSI for a large number of antenna ports can be obtained at the eNB side with much smaller number of N CSI-RS ports transmitted per measurement time instance.
Proposal 2: Consider EB and FD-MIMO schemes reusing the current CSI-RS port configuration (up to 8 ports) and investigate how to measure channels from a large-scale AAS.
In EB/FD-MIMO operations, whether instantaneous CSI-RS transmission is beneficial needs to be investigated. In Figure 2, an illustration of the instantaneous CSI-RS transmissions is shown, where the network utilizes multiple virtualization matrices (e.g., Bi for i=1,2,...,K) adaptively according to the traffic load in a single CSI-RS configuration. Then, it is expected that the network can trigger UE to report the CSI feedback only for a particular vertical beam direction as an example, by indicating an instantaneous CSI measurement on a certain subframe in which virtualization matrix Bi is applied to the transmitted CSI-RS. If the UE is triggered to report multiple aperiodic CSI feedbacks in multiple subframes, each associated with different virtualization matrix Bi on the CSI-RS, based on such reported CSI feedbacks the eNB can determine a proper beam direction for the UE. Such instantaneous CSI-RS transmission with a single CSI-RS configuration would enable the network to handle the traffic load adaptively with dynamic alterations of virtualization matrices.
[image: ]
Figure 2. Instantaneous CSI-RS transmission with multiple virtualization matrices
As an example scenario shown in Figure 3, another use case of instantaneous CSI-RS transmissions is found in terms of the network overhead reduction when a large number of antenna elements are implemented in a cell. In this case, the network should be able to control virtualized CSI-RS transmission instances in an aperiodic manner, in order not to waste RS resources in case when there exists no UE to measure the particular virtualized CSI-RS. For example, due to the UE distributions spread over a cell and also with UE mobility, in some time instances all UEs to be served are only close to inner-ring area (cell-center) so that the corresponding virtualized CSI-RS may only need to be transmitted, as illustrated in the figure. In other words, another CSI-RS which may target the outer-ring area (cell-edge) does not have to be transmitted since there are no UEs to measure this CSI-RS so that the RS resources can be saved accordingly. This effect becomes significant when we have much more levels of ring-areas, especially in cases when much larger antenna elements are implemented in the cell. 
Proposal 3: It needs to be investigated whether instantaneous CSI-RS transmission is beneficial in EB/FD-MIMO operations.


Figure 3. An illustration of EB/FD-MIMO operations.

2.2. Enhancements on other RSs
According to the current specification, only 2 UEs can be co-scheduled as orthogonal MU-MIMO transmission by using DMRS port 7 and port 8 having the same virtual cell ID (VCID) and nSCID. In case of conventional eNB having a limited number of Tx antennas, it is expected that the network achieves enough MU-MIMO gain by using the 2 orthogonal DMRSs and additional quasi-orthgonal DMRSs if necessary. However, in case of the scenario with larger number of transmit antenna elements/ports enabling EB/FD-MIMO, it becomes in principle possible to support much more MU-MIMO pairs. In this context, DMRS enhancements need to be studied for accommodating such large number of MU-MIMO pairs simultaneously. For example, it needs to be investigated whether the current standard-transparent ways (e.g., different DMRS VCIDs are configured to different UEs in MU-MIMO pairs) are sufficient in terms of performance, or more than 2 orthogonal DMRSs are needed to be designed. 
Proposal 4: DMRS enhancements need to be studied for accommodating larger number of MU-MIMO pairs simultaneously.
Given that eNB has much larger number of antennas than UE, another approach for obtaining CSI at the eNB side would be based on channel reciprocity especially for TDD systems. In this case, SRS can be used for the channel measurement in order to determine the proper beam direction to be applied for transmissions from eNB. If this kind of channel reciprocity based closed-loop scheme is desired to be employed even in FDD systems considering the large number of antenna elements, the study on whether configuring the SRS transmissions on the FDD downlink band is beneficial is needed in order to address a significant mismatch between uplink and downlink channels in FDD systems.
In heterogeneous networks where macro and small cells exist together and the macro cell employs 2D-AAS as an example, the coverage mismatch problem between un-precoded CRS transmission and a precoded DMRS-based PDSCH transmission would be unavoidable due to the large number of transmit antenna elements. More specifically, it is likely to happen that a UE within a small-cell coverage, in terms of control channel coverage based on CRS, may have a better connection to a macro-cell for DMRS-based PDSCH receptions due to higher beam gain from the large number of antenna elements equipped at the eNB transmitter side. For this situation, it seems desirable to rather associate the UE with the macro-cell, so that the UE can be served by the macro-eNB although the UE is geographically within the small-cell coverage area. To do this, conventional RRM based on CRS needs to be enhanced, e.g., by configuring a virtualized CSI-RS based RRM reporting or using an additional RS for this enhanced RRM purpose.
Proposal 5: Enhancements on SRS and RS for RRM needs further consideration during the study. 

3. Conclusion
In this contribution, we discussed our views on RS design enhancements for supporting EB and FD-MIMO operations. The proposals based on the discussion are given as follow:
Proposal 1: It needs to be investigated whether N-port (N>8) CSI-RS configuration is necessary to be specified or not.
Proposal 2: Consider EB and FD-MIMO schemes reusing the current CSI-RS port configuration (up to 8 ports) and investigate how to measure channels from a large-scale AAS.
Proposal 3: It needs to be investigated whether instantaneous CSI-RS transmission is beneficial in EB/FD-MIMO operations.
Proposal 4: DMRS enhancements need to be studied for accommodating larger number of MU-MIMO pairs simultaneously.
Proposal 5: Enhancements on SRS and RS for RRM needs further consideration during the study. 
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Direction 1 (virtualization matrix B1)


Direction 2 (virtualization matrix B2)
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