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1. Introduction
In RAN#64, the SI on indoor positioning enhancements for UTRA and LTE [1] was approved, where the objectives are described 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) and are to:

· Define a 3D system model, including indoor channel model, to study indoor positioning [RAN1]

· Develop baseline simulation scenarios and evaluate the corresponding baseline performance of the existing positioning techniques (e.g. A-GNSS, E-CID, OTDOA, UTDOA, or hybrids thereof) for indoor environments to establish a baseline performance [RAN1]

· For the performance evaluations consider specifically: location accuracy (including latitude, longitude and altitude), yield, and time to fix.

· Evaluate physical layer design options, enhanced measurements, and/or any additional impacts or enhancements, as applicable per technology,  for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals [RAN1]

· For performance evaluations consider specifically: location accuracy (including latitude, longitude and altitude), yield, and time to fix.

· Identification of specification impacts.

· Study coexistence issue if applicable for any identified positioning scheme [RAN4] 

· For identified positioning solutions, study the corresponding potential impacts or enhancements to the higher layers to support indoor positioning. [RAN2, RAN3]

In this contribution, we first present our views on the deployment scenarios considering 3D system model, and discuss evaluation methodology for enhanced indoor positioning.
2. Deployment Scenarios
Considering the motivation of this study from an LS sent by FCC [2] to urge 3GPP to fully support and complete all the works and studies in relation to indoor positioning for improving location accuracy, the relevant deployment scenarios to be considered in this study are desired to reflect a practical and somewhat challenging environment for LTE positioning. More specifically, there are near-term/long-term indoor E911 location accuracy requirements proposed by FCC as below [3]:

· In near term,
· Propose to establish interim indoor accuracy metrics that will provide approximate location info sufficient to identify the building for most indoor calls.
· locate E911 caller within 50m meters for 67 percent and 80 percent of indoor calls within two years and five years of the effective date of adoption of rules, respectively
· Propose to add a requirement for provision of vertical location (z-axis or elevation) info that would enable first responders to identify floor level for most calls from multi-story buildings.
· provide vertical (z-axis) data, within 3 meters accuracy, for 67 percent and 80 percent of indoor calls within three years and five years of the effective date of adoption of rules, respectively.
· In long term,
· Develop more granular indoor location accuracy requirements, consistent with the evolving indoor location tech.
Regarding [3], the near-term indoor E911 location accuracy requirements seem to have higher priority and deployment scenarios should be determined focusing on the identification of building and floor. In this perspective, we consider that the scenario 3D-UMa, which contains 3D system model and was studied in [4], could be a good start point for deployment scenarios, although some detailed parameters need to be changed for this indoor positioning study, e.g., indoor UE fraction of 100% as described in the next section. Overall, we propose Scenario 1 for enhanced indoor positioning as follows:
· Scenario 1: Scenario 3D-UMa
It should be noted that some further modifications may be needed to resolve ambiguity in vertical-domain location estimation due to impractical assumption of the equal BS antenna heights.
Furthermore, it would be worth to study indoor positioning in small cell scenarios which are potential network deployment in the near future as described in [5]. According to the operating frequency of macro cell and small cells, two representative small cell scenarios can be considered which are small cell scenario 1 with the same frequency for both macro and small cell layers, and small cell scenario 2a with different frequencies for macro and small cell layers. Since both scenarios are worth to be investigated and have practical importance, we propose small cell scenarios 1 and 2a in [5] with combining the 3D channel model for the indoor positioning study, which are denoted by Scenario 2 and 3 as follows:
· Scenario 2: Small cell scenario #1
· 3D-UMa for macro cell / 3D-UMi for small cell
· Scenario 3: Small cell scenario #2a
· 3D-UMa for macro cell / 3D-UMi for small cell
For Scenario 2 and 3, we also consider some changes of simulation parameters for the indoor positioning study, and the details are discussed in the next section.
3. Evaluation methodology
Considering the existing studies on positioning in LTE, positioning techniques based on OTDOA and UTDOA had been mainly focused and there were well-defined simulation methodologies as in [6] and [7]. Although both techniques can achieve similar location accuracy, UTDOA base positioning technique may needs special receiver processing to enhance UL coverage while OTDOA based positioning technique can enhance DL coverage easily with an idle-period in the downlink (IPDL). Therefore, we prefer OTDOA based positioning technique as a baseline positioning technique.
· Positioning technique for baseline: OTDOA
· Evaluation methodology in [6] can be used with modifications according to implementation.
For the evaluation of other positioning techniques, it would be needed to specify details on evaluation methodology and estimation algorithm.
For Scenario 1, simulation assumptions for scenario 3D-UMa can be reused with modifications on system bandwidth and indoor UE fraction as presented in Table 1.
Table 1. Simulation assumptions for Scenario 1
	Parameter
	Value

	Cell layout
	Hexagonal grid

	Number of sites
	19 micro sites, 3 sectors per site

	ISD
	500 m

	UE mobility (in horizontal plane)
	3 km/h

	BS antenna height
	25 m

	Total BS Tx Power / System bandwidth
	43/46/49 dBm for 1.4/10/20 MHz

	Carrier frequency
	2 GHz

	Min. Ue-eNB 2D distance
	35 m

	UE height (hUT) in meters
	hUT=3(nfl – 1) + 1.5

	
	nfl ~ uniform(1,Nfl) where

Nfl ~ uniform(4,8)

	Indoor UE fraction
	100%

	UE distribution (in x-y plane)
	uniform in cell

	Channel model
	3D-UMa

	Cyclic prefix
	Normal


For Scenario 2 and 3, it could become a trivial scenario and may not be meaningful in terms of indoor positioning evaluations if there are too many small cells in a sector as in current small cell scenario 1/2a. In our view, 2 small cells in a sector can be a start point to investigate indoor positioning enhancement to see how much positioning accuracy enhancements can be expected by utilizing the deployed small cells. In this regard, we suggest modifying the current small cell scenario 1/2a on the number of clusters and small cells, replaced by 1 cluster per sector and 2 small cells per cluster. Other simulation assumptions are summarized in Table 2.
Table 2. Simulation assumptions for Scenario 2/3
	Parameter
	Value

	Cell layout
	Hexagonal grid

	Number of sites
	19 micro sites, 3 sectors per site

	Number of clusters
	1 per sector

	Number of small cells
	2 per cluster (cluster based dropping in [5])

	ISD
	500 m

	UE mobility (in horizontal plane)
	3 km/h

	BS antenna height
	Macro cell: 25 m, Small cell: 10m

	Total BS Tx Power / System bandwidth
	43/46/49 dBm for 1.4/10/20 MHz

	Carrier frequency
	Macro cell: 2 GHz, Small cell: 2 GHz (for Scenario 2)
Macro cell: 2 GHz, Small cell: 3.5 GHz (for Scenario 3)

	Min. Ue-eNB 2D distance
	Macro cell: 35 m, Small cell: 10m

	UE height (hUT) in meters
	hUT=3(nfl – 1) + 1.5

	
	nfl ~ uniform(1,Nfl) where

Nfl ~ uniform(4,8)

	Indoor UE fraction
	100%

	UE distribution (in x-y plane)
	uniform in cell

	Channel model
	Macro cell: 3D-UMa, Small cell: 3D-UMi

	Cyclic prefix
	Normal


4. Conclusion
In this contribution, we discussed our views on deployment scenarios and evaluation methodology for indoor positioning study. Especially for deployment scenarios, the following three scenarios are suggested for the study:
· Scenario 1: Scenario 3D-UMa
· Scenario 2: Small cell scenario #1

· 3D-UMa for macro cell / 3D-UMi for small cell
· Scenario 3: Small cell scenario #2a
· 3D-UMa for macro cell / 3D-UMi for small cell
______________________________________________________________________
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