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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 OTDOA enhancement for indoor positioning.

2. Discussion
During RAN1 #80 meeting, several consideration points were discussed on OTDOA enhancement for indoor positioning such as increasing PRS density, new PRS pattern, wider PRS bandwidth and enhanced reference signal time difference (RSTD) measurement report. With the first two subjects (i.e., PRS density, new PRS pattern), the accuracy of RSTD measurement can be improved by controlling interference. In our view, however, the accuracy of location may still be limited with these enhancements due to quantization error in RSTD measurement report (e.g., 1 Ts). To this end, we discuss OTDOA enhancement to improve the resolution of RSTD measurement (i.e., PRS with more than 20 MHz bandwidth and enhanced RSTD measurements report) in the following subsections.
1.1. PRS with more than 20 MHz bandwidth

In RAN4, PRS with larger bandwidth has been already studied for the reference signal time difference (RSTD) measurement accuracy enhancement [2]. From link level evaluation results, it is concluded that RSTD measurement performance can be improved by using wider bandwidth (e.g., 15 and 20 MHz). In this context, PRS with more than 20 MHz bandwidth by using carrier aggregation (CA) would be highly beneficial for RSTD measurement accuracy and can be considered as one of potential candidates for the OTDOA enhancements for indoor positioning. Intuitively, when 5 component carriers (CCs) are aggregated by CA and hence maximum aggregated bandwidth of 100 MHz is assumed, RSTD resolution of 10 ns (i.e., inverse of the aggregated bandwidth) can be achieved, which corresponds to 3m distance difference.
At a glance, PRS transmission with more than 20 MHz bandwidth can be considered with the assumption of intra-band contiguous CA and a single wideband RF front end option for the architecture of transmitter and receiver. To support the above CA based PRS transmission, the location server should send new or additional signaling so that UE can perceive the existence of CA based PRS transmission and can utilize it for RSTD measurements. For example, the location server can define new signaling for the CA based PRS configuration or can send additional signaling which cells are aggregated or co-located. However, there are several points to be considered for the CA based PRS transmission. Firstly, the channel spacing between two or more adjacent contiguously aggregated CCs is defined in intra-band contiguous CA and it must be an integer multiple of both of 15 kHz and 100 kHz (i.e., multiple of 300 kHz). Secondary, there can be transmitters and receivers which do not support a single wideband RF front end and hence cannot perform a single FFT for the CA based PRS transmission. With these points, CA based PRS transmission should be carefully studied.
Proposal 1: PRS transmission with more than 20 MHz bandwidth is to be considered and evaluated.
1.2. Enhanced RSTD measurement report
According to current specification, an UE estimates the time of arrival from a reference cell and other neighbor cells based on the assistance information given by a location server. Then, the UE can derive the RSTD of each neighbor cell with a relation to the reference cell and send RSTD measurement report. The RSTD measurement report is defined with resolution of 1 Ts for RSTDs within [-4096 Ts, 4096 Ts] and of 5 Ts otherwise, where 1 Ts is the basic time unit (1/15000/2048 sec). The accuracy of the RSTD measurement report is restricted by such quantization resolution of the current RSTD report mapping even though some advanced UEs can derive RSTD more accurately. Therefore, enhancement to RSTD report mapping (e.g., finer RSTD report granularity) should be considered and evaluated. Correspondingly, proper signaling and RSTD report mapping table for finer RSTD report granularity can be also considered.
Proposal 2: Enhancement to RSTD report mapping (e.g., finer RSTD report granularity) is to be considered and evaluated.
3. Conclusion
In this contribution, we discussed our views on potential OTDOA enhancement technologies for indoor positioning. The proposals based on the discussion are given as follow:

Proposal 1: PRS transmission with more than 20 MHz bandwidth is to be considered and evaluated.
Proposal 2: Enhancement to RSTD report mapping (e.g., finer RSTD report granularity) is to be considered and evaluated.
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