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[bookmark: _Ref409106980]Introduction
At RAN#72, a new work item for Narrowband IoT (NB-IoT) enhancement was proposed, see [1]. One important objective is to extend Rel-13 design to support positioning to further increase the market impact. 
· 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 analyze and compare the three proposed positioning methods presented in [2-4] for NB-IoT, i.e. the UL TDOA, DL TDOA and Timing Advance based Multi-leg (TAM) positioning methods. The discussion comparison includes the positioning performance and other impacts concerning the solution. 
[bookmark: _Ref458602204]Positioning Performance
The positioning performance for UL TDOA, DL TDOA and TAM have been already presented in [2-4] in details,  Figure 1 compares the positioning performance of all these methods under the same scenario and simulation setup discussed in [5 - 6]. The depicted results apply to a scenario where up to 10 eNBs are taking part in the positioning procedure and EPA like propagation conditions apply.
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[bookmark: _Ref458601210]Figure 1 Horizontal positioning error distribution for the DL TDOA, UL TDOA and TAM when considering up to 10 eNBs taking part in a position attempt and EPA like propagation conditions. 
Table 1 and Table 2 summarize  the horizontal accuracy recorded at the 67th and 95th percentile in [2], [3] and [4] when EPA and TU propagation conditions, and up to 5, 10, 15 or 20 eNBs are considered. From the performance presented in [2] and [4] the best performance of the so called signal strength and geometry based eNB selection mechanisms is shown. 
The UL TDOA solution is showing the most promising results, followed by the TAM and DL TDOA solution. According to the achieved results, the positioning estimation in TAM is slightly better above the 95 percentile. 
One important consideration to make is that all the DL dependent positioning results are derived under the assumption of a UE receiver of ultra-low complexity [5]. Hence, better positioning performance is expected for DL TDOA and TAM if higher UE complexity may be considered.
It is clear that the performance improves when the number of eNBs increases. For the UL TDOA and TAM the accuracy is highest for the EPA propagation conditions. This is due to the low time dispersion of the EPA channel. Since the UE TOA error model used in the simulations are independent of both SINR and time dispersion it is no surprise that the DL TDOA results are the same for TU and EPA conditions.
[bookmark: _Ref458601493]Table 1 Horizontal accuracy achievable at the 67th and 95th percentile when EPA propagation conditions are modelled.
	Max number of eNBs
	Accuracy at 67th / 95th percentile [m]

	
	DL TDOA
	UL TDOA
	TAM

	5 eNBs
	427 / 1354
	133 / 813
	201 / 347

	10 eNBs
	348 / 617
	88 / 269
	141 / 254

	15 eNBs
	335 / 632
	83 / 295
	118 / 231

	20 eNBs
	326 / 544
	81 / 197
	108 / 221



[bookmark: _Ref458601495]Table 2 Horizontal accuracy achievable at the 67th and 95th percentile when TU propagation conditions are modelled.
	Max number of eNBs
	Accuracy at 67th / 95th percentile [m]

	
	DL TDOA
	UL TDOA
	TAM

	5 eNBs
	427 / 1354
	197 / 902
	218 / 385

	10 eNBs
	348 / 617
	149 / 381
	151 / 277

	15 eNBs
	335 / 632
	139 / 374
	129 / 249

	20 eNBs
	326 / 544
	129 / 304
	115 / 249



[bookmark: _Ref458166969]Comparison of UL and DL based methods
While positioning performance should be one of the most important parameters to take into consideration when selecting the most proper positioning solution for NB-IoT, there are still many other parameters which should also be taken into account. According to the low cost nature of NB-IoT technology, the impacts of the considered solutions on both UE and network should be analysed. Here we have tried to summarize a list of parameters which should be visited while comparing different solutions:
· Positioning performance
· Low impact on UE
· Low impact on radio network
· Low standardization effort
· Low UE power consumption
· Scalability
Proposal 1: RAN1 to consider the above list as a suggestion for comparing different methods. More items can be added during the meeting.
In Figure 2, we have tried to indicate the advantages of each proposed positioning method in accordance to the above list, and present them in a radar chart format. The summary can be as follows:
· UL TDOA has advantages in terms of
· Positioning performance
· Low impact on UE
· Low UE power consumption
· DL TDOA has advantages in terms of
· Scalability
· Low standardization effort
· Low impact on UE
· TAM has advantages in terms of 
· Low impact on UE
· Low impact on the radio network
One explanation needed for the “low impact on UE” is that for all three methods we assumed a NB-IoT UE of ultra-low complexity. As already mentioned, in case of a slightly more complex UE implementation can be considered the impact on the UE will increase, and DL-TDOA and TAM positioning performance improve.
[bookmark: _GoBack][image: ]
Figure 2 NB-IoT positioning methods comparison chart considering all different aspects
According to the suggestions in Figure 2, it is not trivial to compare the solutions against another. The comparison will however become easier if the items listed above are ranked in order of importance. 
Proposal 2: RAN1 to rank the above listed items to facilitate a comparison between the solutions. 
We believe that by going forward with one of the UL based methods, 3GPP is required to make a significant standardization effort on higher layer aspects involving RAN 2/3 participation. In case of selecting the DL TDOA method, the results show that the DL timing accuracy needs to be improved. With these aspects in mind, it is proposed to consider a continued investigation on each of these methods.
Proposal 3: RAN1 to continue investigation on UL based positioning methods for synchronized and asynchronous network deployments
Proposal 4: RAN1 to continue investigation on DL based positioning methods for synchronized network deployments.
Conclusions
Based on the performance summary made in sections 2 and 3, it is proposed that RAN1 continues the work to investigate UL/DL based positioning methods for synchronized and asynchronous network deployments. 
Here is a summary of proposals made in this contribution:
Proposal 1: RAN1 to consider the above list as a suggestion for comparing different methods. More items can be added during the meeting.
Proposal 2: RAN1 to rank the above listed items to facilitate a comparison between the solutions.
Proposal 3: RAN1 to continue investigation on UL based positioning methods for synchronized and asynchronous network deployments
Proposal 4: RAN1 to continue investigation on DL based positioning methods for synchronized network deployments.
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