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1. Introduction

In RAN #72 meeting, eNB-IoT was approved as a work item. The objective is to support additional functionalities including positioning, to achieve even lower device power consumption, while maintaining the coverage and capacity of the NB-IoT network, and ultra-low UE cost. The objectives apply to the in-band, guard-band, and standalone operation modes and the same coverage enhancement targets as defined in the Rel-13 NB-IoT work item [1].
According to [1], the objective regarding positioning support by NB-IoT is as follows:
	Positioning:

Introduce E-CID core requirements:

· RSRP/RSRQ measurement [RAN4 only]

· UE Rx-Tx time difference measurement [RAN4 only]
Support of UTDOA or OTDOA:

· Study accuracy, UE complexity, UE power consumption for both UTDOA and OTDOA using NB-IoT and provide recommendation to RAN#73 on which one solution to adopt [RAN1]  

· 3GPP network operators are invited to provide inputs to RAN1#86 on their positioning requirements. Companies are encouraged to include both methods in their evaluations.

· Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73


In this contribution, we discuss the issues on positioning support for eNB-IoT considering both OTDOA and UTDOA. We also discuss the potential enhancements to the existing standards for OTDOA for the application to NB-IoT.

2. Positioning in NB-IoT
Differently from the positioning for normal LTE eNBs/UEs, positioning in NB-IoT should rely on reference signal for positioning restricted within 1 RB bandwidth. Moreover, due to the important use cases of eNB-IoT UEs deployed in advert environments with large penetration loss, positioning method which can be applicable with large CE mode may have to be considered. In [2], the following accuracy requirements for various location services are listed as an example. Considering the difficulties in supporting positioning for eNB-IoT, guaranteeing sufficient accuracy for, for example, asset location service may be challenging and enhancements will be required to the legacy positioning mechanisms such as OTDOA or UTDOA standardized for LTE. Therefore, it is important to set target requirement for positioning accuracy.
Proposal 1: Target location service for NB-IoT and the corresponding requirement for positioning accuracy should be clarified.
	Table 4.1; Example of location services with decreasing accuracy requirement

·
Location-independent

Most existing cellular services, Stock prices, sports reports

·
PLMN or country

Services that are restricted to one country or one PLMN 

·
Regional (up to 200km)

Weather reports, localized weather warnings, traffic information (pre-trip)

·
District (up to 20km)

Local news, traffic reports

·
Up to 1 km

Vehicle asset management, targeted congestion avoidance advice

·
500m to 1km

Rural and suburban emergency services, manpower planning, information services (where are?)

·
100m (67%)

·
300m (95%)

U.S. FCC mandate (99-245) for wireless emergency calls using network based positioning methods

·
75m-125m

Urban SOS, localized advertising, home zone pricing, network maintenance, network demand monitoring, asset tracking, information services (where is the nearest?)

·
50m (80%)

U.S. FCC mandate [12] and [13] for wireless emergency calls 


10m-50m

Asset Location, route guidance, navigation




3. OTDOA for NB-IoT

3.1. Performance of OTDOA with NB-IoT
In figure 1, evaluation results of positioning accuracy of OTDOA with 1 RB bandwidth PRS is shown, where the simulation assumptions are shown in appendix. In the figure, “x SF, y OCA” means utilization of y PRS occasions where each PRS occasion consists of x consecutive subframes.
As shown in the figure, number of PRS subframes for RSTD measurement should be largely extended to improve the positioning performance. Even with large number of PRS subframes such as 48 subframes, simple repetition of PRS subframes may not be sufficient to satisfy positioning accuracy requirements for certain location service types.
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Figure 1. Positioning accuracy of OTDOA with 1 RB PRS

Observation 1: Enhancement to OTDOA in LTE standards is necessary for positioning in NB-IoT
3.2. Enhancements of OTDOA for NB-IoT
A) Introduction of NB-PRS

To support large number of subframes for PRS repetition for NB-IoT, NB-PRS can be introduced. NB-PRS may be supported with the following characteristics.

· NB-PRS transmission in a subframe should be limited in a PRB (frequency hopping of NB-PRS may be considered if beneficial)

· NB-PRS can be transmitted over large number of consecutive subframes >> 6
· NB-PRS reuses the legacy PRS structure as much as possible for easy standardization

· For stand-alone or guard band mode, first 3 symbols in a subframe may be used for NB-PRS transmission

· NB-PRS PRBs may not be used for other NB-channel transmissions

B) Reuse of legacy LTE signals
In addition to NB-PRS, legacy LTE signals may be reused for RSTD measurement in NB-IoT as follows.

· Legacy PRS

·   In case of in-band mode, if the LTE eNB transmits legacy PRS, it is desirable NB-IoT UEs should be able to use legacy PRS as well as NB-PRS. NB-PRS should be designed to handle PRB collision with legacy PRS efficiently
· NSSS

·   Since NSSS is a DL signal designed for DL synchronization in NB-IoT, NSSS may be used for RSTD measurement, if quasi-collocated with NB-PRS

· legacy CRS

·   In case of in-band mode, legacy CRS port(s) may be used for RSTD measurement, if quasi-collocated with NB-PRS
C) Consideration on CE level
Depending on the deployment of the eNB-IoT UE, some eNBs’ supported CE level may be suitable for the UE’s RSTD measurement while other eNBs’ are not. Therefore, it should be considered whether and how to select NB-IoT eNBs which supports different CE levels for RSTD measurement.
Proposal 2: To support OTDOA for NB-IoT, the following enhancements are considered

·   Introducing narrow band PRS

·   Reuse of legacy DL signals in addition to the narrow band PRS

·   Whether and how to select NB-IoT eNBs which supports different CE levels for RSTD measurement
4. UTDOA for NB-IoT

To support UTDOA for NB-IoT, existing NPRACH can be considered as reference signal for TOA measurement in UL, while other UL signals such as NPUCCH may not be suitable due to its narrow band transmission characteristics.
In the perspective of positioning reference signal overhead, UTDOA may be beneficial since it can avoid large (NB-)PRS overheads in DL, especially for the UEs which require a large CE level. On the other hand, UTDOA may not be suitable for NB-IoT positioning in general deployment scenarios, since NB-IoT UE’s maximum transmit power is much smaller than eNB’s maximum transmit power (it should be also considered lower power class NB-IoT UE, e.g, 14dBm will be introduced during eNB-IoT WI). Small UL transmission power will require dsense LMU deployment to satisfy certain positioning accuracy requirements while such a deployment may not be always expected in NB-IoT deployments. Moreover, positioning based on reference signal transmitted by NB-IoT UE would not be a good approach since one of the major targets of NB-IoT design is to support extremely small UE battery consumption.
Observation 2: To support UTDOA for NB-IoT, NPRACH can be considered as reference signal for TOA measurement. However, UTDOA may not be suitable for general deployment scenarios for NB-IoT.
5. Conclusion
In this contribution, we discussed the issues for positioning support for NB-IoT, especially considering OTDOA and UTDOA. The proposals and observations of the contribution is as follows.
Proposal 1: Target location service for NB-IoT and the corresponding requirement for positioning accuracy should be clarified.
Observation 1: Enhancement to OTDOA in LTE standards is necessary for positioning in NB-IoT
Proposal 2: To support OTDOA for NB-IoT, the following enhancements are considered

·   Introducing narrow band PRS

·   Reuse of legacy DL signals in addition to the narrow band PRS

·   Whether and how to select NB-IoT eNBs which supports different CE levels for RSTD measurement
Observation 2: To support UTDOA for NB-IoT, NPRACH can be considered as reference signal for TOA measurement. However, UTDOA may not be suitable for general deployment scenarios for NB-IoT.
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Appendix: Simulation assumptions
	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site with wrap-around

	Frequency band
	900 MHz

	Antenna configuration
	2 TX at BS and 1 RX at UE

	Inter site distance 
	1732 m

	MS speed 
	3 km/h

	User distribution
	Users dropped uniformly in entire cell, 80% indoor, 20% outdoor

	Base station transmit power per NB-IoT carrier (at the antenna connector)
	43 dBm

	Path loss model
	L=I + 37.6log10(R), R in kilometers

I=120.9 for the 900 MHz band

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	N/A

	Shadowing correlation
	Between cell sites
	N/A

	
	Between sectors of the same cell site
	1.0

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	See table 5-7, 3GPP TR 45.914, 65° H-plane.

	BS antenna gain
	18 dBi

	NB-IoT device Antenna gain
	0 dBi

	BS cable loss
	3 dB

	Building Penetration Loss
	Based on distributions derived from adapted COST 231 NLOS model. See Annex D.1 of TR45.820.

	Frequency reuse
	1

	Network synchronization
	Synchronous

	PRS muting
	With PRS muting (orthogonal patterns)


