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Introduction
In 3GPP RAN #65 meeting, SID of “Study on Indoor Positioning Enhancements for UTRA and LTE” was approved for Release 13 study [1]. Part of the objective in this SI is shown as below,
“The objectives of this study item are to study techniques for indoor positioning (RAT-dependent, such as e.g. OTDOA, UTDOA, E-CID, RFPM, etc and RAT-independent systems, e.g. A-GNSS, Terrestrial Beacon Systems, etc).  The goals are to study potential 3GPP positioning enhancements in indoor and other challenging environments (e.g. urban canyons).”
Simulation results from many companies have shown that current positioning methods can meet the FCC requirements for horizontal positioning. However, those methods may not be able to meet vertical positioning accuracy requirements in some scenarios. Since RAN1 #65, many contributions for vertical positioning enhancements were proposed and discussed. A kind of potential vertical enhancement technology is positioning aided by EB/FD-MIMO, which has been discussed in [2] [3], and 2D antenna array may help improving vertical domain positioning accuracy. 
In this contribution, we give our views of EB/FD-MIMO aided positioning enhancement to support vertical domain positioning.
Potential vertical positioning enhancements using EB/FD-MIMO
The study Item of Elevation Beamforming/Full-Dimension MIMO (EB/FD-MIMO) for LTE has been finished and in 3GPP RAN #68 meeting, a new Work Item [4] on EB/FD-MIMO for LTE was agreed. In EB/FD-MIMO, a two-dimensional active antenna array can exploit both the elevation dimension as well as the azimuth dimension, which can provide significant capacity increasement.  Figure 1 illustrates the EB/FD-MIMO scenario.


Figure 1. Illustration of EB/FD-MIMO scenario









Figure 2 shows the basic theory of positioning enhancement using EB/FD-MIMO. Similar with [2] [3], we assume that the heights of eNB and UE are  and, respectively.  and are the 3D and 2D distance between eNB and UE.  can be obtained by TOA measurement, and  can be obtained by horizontal estimation based on OTDOA or UTDOA method. If the elevation angle  to the particular UE is obtained, the vertical domain location can be calculated by two possible ways,  or . Also, more cells can be used to support vertical positioning. 


Figure 2. Basic theory of positioning enhancement using EB/FD-MIMO 



From the theory described above, we can see that elevation angle  is the key to vertical positioning accuracy, and EB/FD-MIMO is a possible method to estimate.There’re multiple ways to obtain elevation angle  with regard to standard-transparent EB/FD-MIMO implementations and specification enhancements.
Vertical Sectorization based on EB/FD-MIMO

The antenna elements and TXRU at eNB can create multiple sectors in the vertical domains, which is called vertical sectorization. Similar to horizontal sectorization, vertical sectorization improves the frequency reuse factor and spectral efficiency of a wireless network. Each vertical sector can be projected to a vertical beamforming direction with a different elevation angle, to provide coverage to UEs distributed at various elevation positions. Two scenarios will be considered during this part, vertical sectorization with different Cell ID and vertical sectorization with identical Cell ID.
Scenario a: vertical sectorization with different cell ID

Similar with cell ID positioning method, a sector with different cell ID can be mapped to the particular elevation angle. After receiving positioning measurement request, the target UE or its serving eNB will report the cell ID to the location server. The location server will translate the cell ID to elevation angle to calculate vertical position.
Scenario b: virtual vertical sectorization with identical cell ID
If the multiple vertical sectors have the same cell ID, one way to distinguish these sectors is through different CSI-RS ID. After receiving positioning measurement request, the target UE or its serving eNB will report the CSI-RS ID along with cell ID to the location server. The location server will translate the CSI-RS ID and cell ID to elevation angle to calculate vertical position. 
RS transmission based on EB/FD-MIMO
In order to fully explore the potential advantage of EB/FD-MIMO in vertical positioning enhancement, eNB can transmit multiple beamformed RSs with different elevation angles to the target UE actively, where the eNB can be macro cell or small cell surrounding the building where the target UE is inside. Then UE measures the CSI or RSRP of each RS and feedback to the location server. According to the feedback, the location server can estimate the elevation angle of the target UE and calculate its vertical position. Multiple eNBs can be supported to improve vertical positioning performance.
The RS used above can be either beamformed PRS or beamformed CSI-RS.
beamformed PRS:
If eNB transmits beamformed PRS to the target UE, the UE should be able to distinguish different PRS to the corresponding beam and elevation angle. One possible way to distinguish different PRS is through PRS muting, PRS from each beam can be transmitted once at each subframe. Another possible way is to generate beamformed PRS with different virtual PCI, and the target UE should have the knowledge of the virtual PCIs corresponding to different beam.
beamformed CSI-RS:
In [5], potential CSI-RS and feedback enhancements have been discussed. eNB can transmit beamformed CSI-RS with specific beam directions to the target UE, then the UE will operate CSI RSRP measurement. Since multiple CSI-RS configurations can be used in a given cell, there’s no difficulty in distinguishing CSI-RS from different beams.
After the measurement, the target UE should feedback measurement results to the location server, the feedback can be RSRP measurement results of all beams or simply an indication of the most dominant beam.
Figure 3 shows the CDF of vertical positioning error for case 1 with 4 small cells per cluster. Different beam widths are assumed. It’s observed that with smaller beam width, more accurate vertical location can be achieved.
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Figure 3. CDF of vertical positioning error 
SRS measurement based on EB/FD-MIMO 
In the uplink positioning method, the UE position is estimated based on timing measurement of SRS taken at its nearest LMU or multiple non-collocated LMUs. With two-dimensional active antenna array, each LMU can measure both horizontal and vertical arriving angles of SRS sending from the target UE, and reports to location server. 

Along with orientation of the antenna array, the location server is able to determine elevation angle of the target UE and calculate the vertical position.
Conclusions
In this contribution, we discussed our view of potential positioning enhancement aided by EB/FD-MIMO and suggest taking EB/FD-MIMO into account in study of indoor positioning to improve vertical positioning accuracy.
Proposal: EB/FD-MIMO should be considered as one potential way to aided vertical domain positioning enhancement.
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