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1 Introduction
In RAN#72 plenary meeting, the following WID on NB-IoT was agreed [1]:

Specify the following features for enhancement of NB-IoT 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.

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 provide our considerations for NB-IoT positioning requirement and simulation methodology.

2 Discussions
2.1 Deployment scenario
Although positioning has been one of the interesting and fully studied areas in mobile communication in the last decade, it still receives strong attention in recent years with the introduction of IoT deployment. Legacy LTE supports improved positioning performance and provides more flexibility for applications that use positioning services ever since Rel-8. However, because of the characteristics and requirement of IoT deployment,  the provision of positioning is still a challenging task.

There are multiple deployment scenario for IoT positioning and each requires different level of precision. The most common IoT positioning scenarios is terminal operation related. For example, to locate  faulty IoT terminal , to locate IoT sensor with certain reporting information (pipeline leakage, water increase, temperature  change etc) . The locations of these IoT terminals could be either outdoor or indoors. The positioning accuracy requirement of these scenario ranges from 50 meters to 120 meters.
The second scenarios of IoT positioning is for logistic tracking and human tracking. For example of asset tracking, such as  bicycle, electrical bicycle tracking, valuable goods and vehicles tracking. Both outdoor and indoor positioning are required. Precision of 50m is desired for outdoor scenario. Low power consumption is necessary to avoid frequent re-charging.  Another category is animal/human tracking. Both outdoor and indoor positioning are required.  The positioning accuracy requirement of these scenario generally is ranging from 50 meters to 100 meters.

2.2 Positioning requirement
 As can see from the above discussed deployment scenarios, IoT position is different from legacy LTE UE positioning from the following perspectives
· Most of devices are stationary or nomadic, i.e. not continuously moving

· Narrower UE transmission and receive bandwidth

· Needs low cost and low power consumption
Currently, the wireless positioning requirement are generally based on FCC E-911 requirement. When the E-911 requirement version 1998, FCC requires the wireless carrier to provide latitude and longitude estimates of the caller’s position within an accuracy of 125m RMS (67% of time). The latest update from FCC for the requirement, which is included in the third “Further Notice of Proposed Rulemaking” issued by the FCC on February 21, 2014, mandated that “Horizontal accuracy within 50 meters by longitude and latitude for 67% of the calls no later than two years from the effective date of the adoption of the rules”. Therefore , generally 50 meter is the target of legacy LTE horizontal positioning accuracy. 

Based on the discussion in the deployment scenario, 50 meter horizontal accuracy shall achieve adequate positioning result for all deployment scenarios. Therefore, at least for UEs in normal coverage, this should also be the targeted requirement. 
Another factor which significantly impact the design and evaluation is UE speed. In Rel-13 NB-IoT, the design and performance evaluation are based on the assumption of stationary and low speed (<=30kh/h ) terminals. Therefore these should also be the baseline for Rel-14 positioning UE speed baseline.
Proposal 1 : Legacy LTE positioning requirement ( horizontal 50meters) can be used as baseline for Rel-14 NB-IoT positioning .  The requirement is targeting stationary and low speed UEs. For the UEs in coverage enhancement, FFS if the requirement can be relaxed.
2.3 Simulation methodologies
There certainly many design and algorithms for UE location. Though the choice is an implementation issue, it is better to agree upon specific one as the baseline solution in the evaluation study. Particularly , some factors need to be considered for practical modeling:

· Interference modeling 
· For OTDOA:  The interference sources are those NPDSCH RBs transmitted in the neighboring cells.  The interference could be modeled in a static sense through system load.  The variations of the interference could be captured directly through the measurements in the system level simulations or by applying a statistical distribution.  

· For UTDOA:  If the UL transmissions among cells are synchronized, the interference could be measured directly from the link level simulation results of the cross-correlation of different sequences.  A statistical model could be used.  If the UL transmissions among cells are not synchronized, the interference could be modeled in a similar way to the DL case, using cell load.    

· Power control – the UL transmissions, UL signals are power controlled.  The power control would depend on the path loss compensation measured at the UE if power control is used.
Detailed suggested simulation parameters are given in the appendix.
2.4 Specification ,implantation and network architecture impact
· UE implementation
 One of the target of NB-IoT design is low cost terminals. The new positioning requirement should not significant increase UE complexity therefore increase terminal cost. Similarly, longer than 10 year battery life for coverage enhancement and normal coverage scenario should be maintained. The TOA measurement definitions and the accuracy requirements for each of these possibilities need to be included in the RAN1 and RAN4 specifications (36.214 and 36.141 respectively) to allow the e-SMLC to retrieve and interpret the measurement results and overall accuracy.  

· Network architecture , protocol and Interface

For UL TDOA , the measurements could be performed at the eNB or at a Location Measurement Unit (LMU).  The LMU could be a stand alone unit located externally to the eNB or an associated unit integrated in the eNB.  The E-SMLC could receive the measurement results from the eNBs, LMUs integrated with eNBs, stand alone LMUs, or a combination of LMUs and eNBs. The positioning evaluation could be with or with LMU. In order to ensure inter-operability between the E-SMLC and the nodes performing the TDOA measurements, measurement report, and accuracy requirements may need to be specified regardless of whether the measurements are performed at the LMU or eNB.  

Proposal 2: Same UE complexity and power consumption requirement should be adopted as in Rel-13. New  measurement and accuracy requirement of TDOA may need to be specified (36.214 and 36.141) for full inter-operability. 
Proposal 3: Positioning evaluation could be with or with LMU. Legacy position protocol can be used for information transfer between the E-SMLC and the LMUs/eNBs.
3 Conclusions
In this contribution, we have provided some analysis for OTDOA support for NB-IoT from RAN1 perspective. We make the following proposals:

Proposal 1 : Legacy LTE positioning requirement ( horizontal 50meters) can be used as baseline for Rel-14 NB-IoT positioning .  The requirement is targeting stationary and low speed UEs. For the UEs in coverage enhancement, FFS if the requirement can be relaxed.
Proposal 2: Same UE complexity and power consumption requirement should be adopted as in Rel-13. New  measurement and accuracy requirement of TDOA may need to be specified (36.214 and 36.141) for full inter-operability. 
Proposal 3: Positioning evaluation could be with or with LMU. Legacy position protocol can be used for information transfer between the E-SMLC and the LMUs/eNBs.
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Annex：Simulation Assumptions
Table A1: Simulation parameters
	1
	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors

	2
	Frequency band
	900 MHz

	3
	Sampling rate
	15.36MHz

	4
	Inter site distance 
	1732 m

	5
	Propagation channel
	EPA 1 Hz

	6
	Antenna configuration
	BS: 2Rx; UE: 1Tx

	7
	User distribution
	Users dropped uniformly in entire cell

	8
	Rx noise figure 
	3dB

	9
	NB-IoT UE Tx power
	23 dBm

	10
	Path loss model
	L=I + 37.6log10(R), R in kilometers; I=120.9

	11
	Shadowing standard deviation
	8 dB

	12
	Correlation distance of Shadowing
	110 m

	13
	Shadowing correlation
	Between cell sites
	0.5

	
	
	Between sectors of the same cell site
	1.0

	14
	Antenna pattern (horizontal)
	See table 5-7, 3GPP TR 45.914, 65° H-plane.

	15
	BS antenna gain
	18 dBi

	16
	NB-IoT device Antenna gain
	-4 dBi

	17
	BS cable loss
	3 dB

	18
	Building Penetration Loss
	Scenario#2 Coef=0.75(See Annex D.1 of TR45.820).

	19
	Frequency reuse
	1

	20
	Network synchronization error
	Gaussian random with standard deviation being 100 ns


