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1. Introduction
In RAN #65, SID of “Study on Indoor Positioning Enhancements for UTRA and LTE” was approved for Release 13 study [1]. Part of the goals on this SI is shown as follows: 
	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)


In this contribution, we present our views on several potential enhancement technologies for indoor positioning such as positioning aided by indoor PRS beacon and EB/FD-MIMO. 
2. Potential enhancement technologies

2.1. PRS beacon aided positioning enhancement
It is evident that the positioning performance will be improved if anchor nodes for positioning can be densely deployed either in RAT-dependent or RAT-independent systems. For instance, if small cells are densely deployed in each building, then the positioning accuracy of indoor UEs will be surely achieved. Furthermore, if small cells are deployed at each floor, the floor identification could be performed easily. From simulation results in our companion contribution [2], it can be also observed that the floor identification is well performed for case 2 in which per-floor small cells are deployed. 

However, dense eNB deployment is not a cost-effective solution. For cost saving, PRS only transmission device, namely PRS beacon, can be considered instead of dense deployment of small cells. To achieve the cost competitiveness, this PRS beacon can transmit PRS with low power and signaling overhead besides PRS transmission needs to be minimized as possible. Therefore, indoor PRS beacon with low power needs to be considered. Actually, rather than outdoor PRS beacon with high power, indoor PRS beacon with low power would be more beneficial to enhance the positioning performance, especially in terms of vertical location estimation accuracy. In our companion contribution [3], simulation assumptions for indoor PRS beacon with low power are elaborated for evaluation purpose. 
Proposal 1: Positioning aided by indoor PRS beacon with low power is to be considered as a potential enhancement technique.
2.2. EB/FD-MIMO aided positioning enhancement
For the advanced wireless communications, massive MIMO systems have received a considerable attention recently. In massive MIMO systems, it is known that two-dimensional antenna array can exploit the beam with higher directivity and sharper pattern in both azimuth and elevation domain. 

In EB/FD MIMO study [4], potential CSI-RS and feedback enhancements have been discussed such as beamformed, non-precoded, and hybrid CSI-RS transmission. If multiple beamformed CSI-RSs with different vertical beam directions can be transmitted by eNB and the RRM measurement (e.g., CSI RSRP) corresponding to each RS is available for the location server, then the location server can select the most dominant beam based on the RRM measurement and can estimate the vertical location of UE by using the electrical tilting angle and previously derived horizontal location of the UE. Figure 1 depicts an example of positioning aided by beamformed CSI RSRP. We denote the height of UE and eNB as 
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, respectively. Once a horizontal location estimate of the UE is derived, the distance between the UE and eNB can be computed based on the horizontal location estimate and is denoted as d. With the electrical tilting angle corresponding to the dominant CSI RSRP, 
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, the vertical location of the UE can be estimated by 
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. Furthermore, if more eNBs are capable of such multiple beamformed RS transmissions and located in the vicinity of an UE, then it would be more helpful to improve the UE’s positioning performance. 
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Figure 1. Example of EB/FD-MIMO aided positioning.

In Figure 2, the CDF of the vertical location estimation error for case 1 (macro + outdoor small cells) is illustrated when the number of small cells per cluster is 4. For evaluation purpose, four beamformed CSI-RS transmissions with different vertical beam directions are assumed. Note that for evaluating EB/FD-MIMO aided positioning, the full connection is utilized as a vertical sectorization scheme [5] and each CSI-RS port is virtualized with an 8-element DFT weight. Detailed assumptions are described in Appendix. It is observed that positioning aided by beamformed CSI RSRP can achieve better vertical location estimation performance than baseline results with CID-based vertical location estimation [2]. Based on the observation, EB/FD-MIMO aided positioning can be considered as a potential enhancement technology for indoor positioning. 
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Figure 2. CDF of location estimation errors in terms of vertical domain for case 1.

	
	EB/FD-MIMO aided positioning

	40-percentile error [m]
	4.31

	50-percentile error [m]
	5.54

	70-percentile error [m]
	8.77

	80-percentile error [m]
	11.91

	90-percentile error [m]
	18.68


Table 1. Vertical positioning errors for case 1 (macro + outdoor small cells).

Proposal 2: EB/FD-MIMO aided positioning is to be considered as a potential enhancement technique.
3. Conclusion
In this contribution, we discussed our views on potential enhancement technologies for indoor positioning. The proposals based on the discussion are given as follow:
Proposal 1: Positioning aided by indoor PRS beacon with low power is to be considered as a potential enhancement technique.
Proposal 2: EB/FD-MIMO aided positioning is to be considered as a potential enhancement technique.
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Appendix: Simulation assumptions for EB/FD-MIMO aided positioning
	
	Assumptions for EB/FD-MIMO aided positioning

	Antenna virtualization for CSI-RS
	Only for macro eNB.

CSI-RS port is virtualized with an 8-element DFT weight. CSI-RS to TXRU virtualization is one-to-one mapping.

	Electrical tilting angle
	91, 96, 101, 106 degrees

	UE measurement
	CSI-RSRP corresponding to each vertical beam with different electrical tilting
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