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1 Introduction
In last RAN#72 plenary meeting, WID for enhancement of NB-IoT was approved and the following was agreed on introducing positioning functionality [1]:
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

Accordingly, this contribution provides considerations on scenarios, simulation assumptions and performance metrics for the study of NB-IoT positioning, for the purpose of assembling observations to make the recommendation from RAN1 to RAN and intend to introduce a general framework for the study.
2 Discussion
In release-13, NB-IoT has been specified for three operation modes:  “stand-alone”, “in-band” and “guard band”. The eNB transmit power dedicated to NB-IoT was assumed to be different between in-band/guard band and standalone operation modes, and the available physical layer resources for NB-IoT could be different for these modes as well. It can be expected there might be distinct performance of positioning under the different operation modes, and thus the WID requires NB-IoT positioning should be studied for all three operation modes for making RAN1’s recommendation. Three MCLs were widely used as benchmarks for NB-IoT evaluations from the beginning of cellular IoT study item, 144, 154 and 164 dB, and these coverage levels are also included in considerations for the positioning study, relevant at least to UE complexity and UE power consumption. Since only a wide area base station is discussed and specified until now for positioning purposes, it is suggested macro cell with wide area base station can be assumed for current study. Mobility also could be considered, and we think we can focus on the most important scenarios for IoT applications. Regarding the synchronization between base stations, we prefer to have a synchronous network as baseline and asynchronous network as optional. For the propagation fading channel model, the recommended scenarios for NB-IoT positioning study are summarized in Table 1.
Table 1 Scenarios for NB-IoT positioning
	Network
	1) Synchronous (i.e. synchronized without timing error)
2) Asynchronous as optional (i.e. the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, where T2 = 2*T1
–
The range of timing errors is [-T2, T2]
–
T1:
Default: 50ns

	Cell deployment
	Wide area base station, macro cell

	Operation modes
	1) Stand-alone
2) In-band
3) Guard band

	Coverage
	1) MCL 144dB
2) MCL 154dB
3) MCL 164dB

	Mobility
	1) Static
2) Low speed

	Propagation channel type
	1) AWGN for theoretical study, i.e. not for simulation
2) Fading channel (e.g. EPA and/or ETU) for simulation


Either OTDOA or UTDOA positioning is typically performed by two steps of time-of-arrival estimation and location calculation by measured time of arrival. Table 2 lists some physical layer signals which can be possibly used for timing measurement. When drawing conclusions, it should be stated what each submitted evaluation is based on.
Table 2 Physical signals for NB-IoT positioning
	Method
	Physical signals

	OTDOA
	1) based on NPSS and/or NSSS

2) based on NRS

3) based on new narrowband reference signal design, if necessary

4) combination of any above

	UTDOA
	1) based on single-tone transmission
2) based on multi-tone transmission


System-level simulation is needed to perform the positioning accuracy evaluation for NB-IoT and the system-level simulation parameters can be taken mainly from the output of the GERAN CIoT study item (TR45.820) [2]. Table A.1 below in appendix shows the system-level simulation assumptions with some modification according to previous Rel-13 NB-IoT evaluation. 
The associated link-level simulation assumptions are listed in Table A.2 below in appendix section and proponents are encouraged to clarify their link-to-system mapping methodology for the positioning study. 
For the evaluation, we can focus on horizontal positioning accuracy under a macro-cell deployment and performance metrics can use the on-going positioning study for LTE as much as possible. Horizontal accuracy is the difference between the calculated horizontal position and the actual horizontal position of a target NB-IoT UE. For the convenience to perform the comparisons, the horizontal accuracy should be reported as a CDF across a percentage of target NB-IoT UEs where an accuracy threshold of 50 meters is being met. The following percentiles should be used in a summary table: 40%, 50%, 70%, 80%, and 90%. Additionally, we think companies are encouraged to provide such kind of metric sorted per MCL level to show more information clearly. Also, RSTD or TDOA distribution in similar way to horizontal positioning accuracy can be reported as optional. As mentioned above, UE complexity and UE power consumption are usually studied at different coverage level in previous Rel-13 evaluation by link-level simulation, thus total duration in milliseconds or repetition number of specific physical signals used for positioning possibly need to be clarified to achieve a given timing measurement accuracy at a given MCL at a given percentile for the UE complexity and UE power consumption study. The possible performance metrics are summarized in Table 3 as follows.  
Table 3 Performance metric for NB-IoT positioning
	Method
	Positioning accuracy*
	UE complexity/
UE power consumption

	OTDOA
	1) Horizontal accuracy, which is the difference between the calculated horizontal position and the actual horizontal position of a target NB-IoT UE. The horizontal accuracy should be reported as a CDF across a percentage of target NB-IoT UEs where an accuracy threshold of [50] meters is being met. The following percentiles should be used in a summary table: 40%, 50%, 70%, 80%, and 90%. 
2) RSTD error measured in [Ts] as optional, which should be reported as CDF percentiles including 40%, 50%, 70%, 80%, and 90% in a summary table.
	Total duration in milliseconds or repetition number of downlink specific physical signals taken to achieve a given timing measurement accuracy at a given MCL at a given percentile (e.g. 67%).



	UTDOA
	1) Horizontal accuracy, which is the difference between the calculated horizontal position and the actual horizontal position of a target NB-IoT UE. The horizontal accuracy should be reported as a CDF across a percentage of target NB-IoT UEs where an accuracy threshold of [50] meters is being met. The following percentiles should be used in a summary table: 40%, 50%, 70%, 80%, and 90%.
2) TDOA error measured in [Ts] as optional, which should be reported as CDF percentiles including 40%, 50%, 70%, 80%, and 90% in a summary table.
	Total duration in milliseconds or repetition number of uplink specific physical signals taken to achieve a given timing measurement accuracy at a given MCL at a given percentile (e.g. 67%).




* Performance metric of positioning accuracy are encouraged to be sorted per MCL level additionally.
Above all, we try to introduce a general framework of the NB-IoT positioning comparisons for the purpose of assembling observations to make the recommendation from RAN1 to RAN#73. In summary, it is suggested that for the purposes of making a recommendation:
· Take the above scenarios proposed in Table 1 into consideration, including three operation modes of stand-alone, in-band and guard band, also three MCL levels of 144dB, 154dB and 164dB.

· Positioning accuracy is studied by system-level simulation and the link-to-system mapping should be declared.
· Performance metric of positioning accuracy is horizontal accuracy and reported as a CDF across a percentage of target NB-IoT UEs where an accuracy threshold of [50] meters is being met. The following percentiles should be used in a summary table: 40%, 50%, 70%, 80%, and 90%. Other metrics such as measured RSTD error or TDOA error could be reported as optional.
· UE complexity and UE power consumption are studied by link-level simulation. Total duration in milliseconds or repetition number of specific physical signals taken to achieve a given timing measurement accuracy at a given MCL at a given percentile (e.g. 67%) should be declared. On the same MCL level, it is better to align the achieved accuracy of timing measurement and the given percentile between the uplink and the downlink methods, then can observe the UE complexity and UE power consumption for comparisons more clearly. 
· Besides the study of positioning accuracy, UE complexity, and UE power consumption, observations on other aspects are not precluded for the positioning comparison analysis.
3 Conclusion

In this contribution, we discuss and provide considerations on scenarios, simulation assumptions and performance metrics for the study of NB-IoT positioning, suggestions for each aspect are given in those summary tables. A general framework of the NB-IoT positioning study is introduced for the purpose of assembling observations to make the recommendation from RAN1 to RAN#73, as follows:

· Take the above scenarios proposed in Table 1 into consideration, including three operation modes of stand-alone, in-band and guard band, also three MCL levels of 144dB, 154dB and 164dB.

· Positioning accuracy is studied by system-level simulation and the link-to-system mapping should be declared.
· Performance metric of positioning accuracy is horizontal accuracy and reported as a CDF across a percentage of target NB-IoT UEs where an accuracy threshold of [50] meters is being met. The following percentiles should be used in a summary table: 40%, 50%, 70%, 80%, and 90%. Other metrics such as measured RSTD error or TDOA error could be reported as optional.
· UE complexity and UE power consumption are studied by link-level simulation. Total duration in milliseconds or repetition number of specific physical signals taken to achieve a given timing measurement accuracy at a given MCL at a given percentile (e.g. 67%) should be declared. On the same MCL level, it is better to align the achieved accuracy of timing measurement and the given percentile between the uplink and the downlink methods, then can observe the UE complexity and UE power consumption for comparisons more clearly. 
· Besides the study of positioning accuracy, UE complexity, and UE power consumption, observations on other aspects are not precluded for the positioning comparison analysis.
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Appendix
Table A.1 System-level simulation assumptions for NB-IoT positioning
	
	Parameter
	Assumption

	1
	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site with wrap-around

	2
	Frequency band
	900 MHz

	3
	Inter site distance 
	1732 m

	4
	UE speed 
	0 km/h and 30 km/h

	5
	User distribution
	Users dropped uniformly in entire cell

	6
	Base station transmit power per NB-IoT carrier (at the antenna connector)
	43 dBm for stand-alone operation

35 dBm for in-band and guard band operation

	7
	NB-IoT Tx power (at the antenna connector)
	Max. 20 and 23 dBm per uplink transmission with open loop power control

	8
	Path loss model
	L=I + 37.6log10(R), R in kilometers

I=120.9 for the 900 MHz band

	9
	Shadowing standard deviation
	8 dB

	10
	Correlation distance of Shadowing
	110 m

	11
	Shadowing correlation
	Between cell sites
	0.5

	
	
	Between sectors of the same cell site
	1.0

	12
	Antenna pattern (horizontal)

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

	13
	BS antenna gain
	18 dBi

	14
	NB-IoT device Antenna gain
	-4 dBi

	15
	BS cable loss
	3 dB

	16
	Building Penetration Loss
	Based on distributions derived from adapted COST 231 NLOS model. See Annex D.1 of TR45.820.

Only applied for static scenarios

	17
	Frequency reuse
	1

	18
	Network synchronization
	1) Synchronous (i.e. synchronized without timing error)
2) Asynchronous as optional (i.e. the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, where T2 = 2*T1
–
The range of timing errors is [-T2, T2]
–
T1:
Default: 50ns


Table A.2 Link-level simulation assumptions for NB-IoT positioning
	1
	Carrier frequency
	900MHz

	2
	BS antenna
	1T2R for standalone

2T2R for in-band and guard-band

	3
	UE antenna
	1T1R

	4
	Fading channel model
	1) EPA 1 Hz for static scenario with ETU 1Hz as optional

2) EPA 25 Hz for low speed scenario

	5
	Residual frequency error
	Randomly chosen from the set {-50, 50} Hz

	6
	Uplink frequency drift
	22.5 Hz/second


