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1. Introduction
In RAN #68, the WI “Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs [1]. In TR 36.897, it was concluded that non-precoded, beamformed, and hybrid CSI-RS based schemes have significant throughput gain in realistic non-full buffer traffic models over the best baseline using implementation based enhancements in many scenarios and the best choice between these schemes may depend on factors including the number of TXRUs. Accordingly, it would be necessary to support all these schemes to provide flexibility in choice of the number of TXRUs and operational preference. In this contribution, configurations of CSI measurement and feedback for these EB/FD-MIMO schemes will be discussed along with setting up proper definition of CSI process and CSI-RS resource.
2. Discussion
Prior to discussing configuration on CSI measurement and feedback, we provide several views on how to configure CSI-RS for each EB/FD-MIMO scheme. According to the WID [1], for non-precoded CSI-RS based scheme, it is required that the number of CSI-RS antenna ports is increased to 12 and 16 ports with full port mapping where the full MIMO channel can be measured at a UE. There can be several approaches to be considered to extend the number of CSI-RS antenna ports [3]:
· Define new CSI-RS Configurations for 12 and 16 of CSI-RS antenna ports: This approach can reuse the legacy CSI-RS pattern with keeping nested structure. Also, decreasing CSI-RS antenna port density in frequency may be additionally introduced to reduce CSI-RS overhead.
· Associate a CSI process with multiple NZP CSI-RS resources: This approach can be used to aggregate CSI-RS antenna ports configured across multiple NZP CSI-RS resources that needs to be associated with a CSI process. For example, 12 CSI-RS antenna ports can be comprised by one NZP CSI-RS resources with 8 CSI-RS antenna ports and another NZP CSI-RS resources with 4 CSI-RS antenna ports. The legacy CSI process is associated with a single NZP CSI-RS resource, so this approach incur new configuration of CSI process with multiple NZP CSI-RS resource configurations per CSI process. This approach is not applicable for a UE not supporting CSI process.
· Configure a CSI-RS resource with multiple CSI-RS Configurations: This approach can be used to aggregate CSI-RS antenna ports by configuring a CSI-RS resource with multiple CSI-RS Configurations where the total number of CSI-RS antenna ports configured by multiple CSI-RS Configurations can be 12 or 16. In order to confine all the CSI-RS antenna ports in the same subframe with identical power, scrambling ID, and QCL information, the other parameters for CSI-RS resource configuration need to be commonly applied for multiple CSI-RS Configurations.
Since all the approaches listed above can be used for configuring full CSI-RS antenna ports for a CSI process, full-dimensional CSI can be measured and reported by configuring a single CSI process that does not need to be associated with other CSI processes except of RI-reference CSI process (if configured). Therefore, the statement that a CSI reported by the UE corresponds to a CSI process configured by higher layers can be still valid. For CSI measurement and feedback, most of the legacy frameworks can be reused except that 2D codebook is introduced, but it is desire that the 2D codebook also has dual structure as Rel-12 [4]. The first PMI is used to select grid of beams in 2D, and the second PMI is used to select a beam in the grid of beams corresponding to the first PMI and to co-phase between two polarization groups. For 12 and 16 of CSI-RS antenna ports, feedback size of the first and/or second PMIs needs to be increased. Since the second PMI is more frequently reported than the first PMI, it seems better to increase the number of grids of beams by keeping the size of grid (i.e. the number of beams per grid). At least, the number of vertical- and horizontal CSI-RS antenna ports need to be signalled to a UE to use proper 2D codebook for a given 2D CSI-RS antenna port array.
Proposal: A CSI (comprised of CQI and/or PMI/RI) reported by the UE corresponds to a single CSI process configured by higher layers for non-precoded CSI-RS based schemes.
In TR 36.897, beamformed CSI-RS based scheme is described in terms of determining CSI-RS beamforming weights, allocating beamformed CSI-RS resource(s), and CSI reporting. eNB can determine CSI-RS beamforming weights directly from UL signal such as SRS or beamformed DRS measurement reported from a UE. eNB can allocate beamformed CSI-RS resource (e.g., a NZP CSI-RS resource, CSI-RS port(s), a CSI process, or a DRS) in either cell-specific or UE-specific manner in conjunction with determination of CSI-RS beamforming weights. The general operation of CSI measurement and reporting at a UE is to measure one or more beamformed CSI-RS resources and to report selection of one or multiple beamformed CSI-RS resource(s), and CQI and/or PMI(s)/RI(s) associated with the selected beamformed CSI-RS resource(s). In TR 36.897, five examples of CSI reporting schemes are categorized with respect to the number of CSI process, the number of NZP CSI-RS per CSI process, and meaning of beamformed CSI-RS resource. The number of CSI process is one of UE capabilities, and some of UEs cannot support multiple CSI processes. Also, in case that multiple CSI processes across multiple cells are configured, CSI reporting priority over CSIProcessIndex and ServCellIndex may become complicated or may need to change due to selection of CSI process(es) as selected beamformed CSI-RS resource(s). Therefore, schemes where a single CSI process is associated with multiple beamformed CSI-RS resources are more preferable rather than schemes configured with multiple CSI processes and a single NZP CSI-RS resource per CSI process in order to perform CSI measurement and feedback over multiple beamformed CSI-RS resources. According to the current definition of CSI process, a CSI process is associated with an NZP CSI-RS resource and a CSI-IM resource. Therefore, to keep the current definition of CSI process, an NZP CSI-RS resource needs to serve multiple beamformed CSI-RS resources either with multiple differently beamformed CSI-RS (subsets of) antenna ports or by changing CSI-RS beamforming over the CSI-RS subframes. The former necessitates including configuration of CSI-RS ports grouping information with respect to CSI-RS beamforming in an NZP CSI-RS resource configuration. For configuration of the latter, CSI-RS beamforming change information may needs to be provided in an NZP CSI-RS resource configuration if it happens regularly, or its dynamic signalling may be needed otherwise. Another approach is to associate a CSI process with multiple NZP CSI-RS resources that can be beamformed differently. For any approaches mentioned above, if multiple NZP CSI-RS resources are configured for a CSI process, then a UE needs to select one or multiple NZP CSI-RS resources and reports information on the selected resources and CQI and/or PMI(s)/RI(s) measure on the selected resources.
Proposal: A CSI (comprised of selected beamformed CSI-RS resource(s) and CQI, and/or PMI(s)/RI(s) measured on it/them) reported by the UE corresponds to a single CSI process configured by higher layers for beamformed CSI-RS based schemes.
At least, non-precoded and beamformed CSI-RS based schemes needs to be supported due to performance trade-off over the number of TXRUs and for providing flexibility in implementation/operation choice, but they may be facilitated by different CSI-RS designs/configurations and CSI reporting schemes. Therefore, it is worthwhile to discuss transparency of EB/FD-MIMO scheme applied to a UE. If a CSI process is associated with multiple NZP CSI-RS resource configurations for both non-precoded and beamformed CSI-RS based schemes, a UE needs to be explicitly signalled for which scheme CSI reporting is intended. If CSI-RS configuration format for one scheme is different from that for another, then a UE can perform CSI reporting properly for the associated EB/FD-MIMO scheme. If non-precoded CSI-RS based scheme is configured with a single NZP CSI-RS resource configuration for a CSI process as discussed above, and if beamformed CSI-RS resource(s) for beamformed CSI-RS based scheme is configured with one or multiple NZP CSI-RS resource configuration for a CSI process, there would be no difference in CSI reporting between two schemes when a single NZP CSI-RS resource configuration is configured for a CSI process. Therefore, transparency of EB/FD-MIMO scheme applied to a UE needs to be further investigated until CSI-RS configurations and CSI reporting schemes are determined to some extent.
Observation: Transparency of EB/FD-MIMO scheme applied to a UE needs to be further investigated.
3. Conclusion
In this contribution, we have discussed configuration of CSI measurement and feedback for non-precoded and beamformed CSI-RS based schemes. From the discussion, we suggest the following observation and proposals:
Proposal: A CSI (comprised of CQI and/or PMI/RI) reported by the UE corresponds to a single CSI process configured by higher layers for non-precoded CSI-RS based schemes.
Proposal: A CSI (comprised of selected beamformed CSI-RS resource(s) and CQI, and/or PMI(s)/RI(s) measured on it/them) reported by the UE corresponds to a single CSI process configured by higher layers for beamformed CSI-RS based schemes.
Observation: Transparency of EB/FD-MIMO scheme applied to a UE needs to be further investigated.
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