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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
In RAN#72, a new work item on enhancements of NB-IoT was approved. According to the WID [1], RAN1 were tasked to provide input to RAN#73 where a decision on NB-IoT positioning is to be made.
This paper discusses the positioning solution which is expected to down select UTDOA or OTDOA in RAN#73.
Summary of RAN1 evaluation
[bookmark: _GoBack]In RAN1#86, comprehensive NB-IoT positioning evaluation results were provided by various companies covering UTDOA and OTDOA solutions. The evaluations in RAN1 were conducted using a set of simulation assumptions which were in large part common among companies. The detailed technical solutions differed between companies, but there was sufficient detail and agreement to allow RAN1 to capture a large set of observations according to 5 metrics, including the horizontal accuracy, UE implementation/complexity, UE power consumption, network complexity/cost, and scalability to support massive numbers of UEs per cell. The observations and results are available to RAN#73 in an LS [2]. The LS also reported to RAN the requirement from operators to strive for solutions which offer 50 m horizontal accuracy for 67% of NB-IoT UEs. 
Based on the results in [2], both UTDOA and OTDOA can support NB-IoT positioning. It is also observed that both UTDOA and OTDOA have their own technical advantages, and which is preferred depends on what priorities an operator, equipment vendor, or UE vendor may choose to prioritize.
Observation 1: UTDOA and OTDOA each offer some technical advantages. 
Suggested way forward
There is a strong time-to-market requirement for an NB-IoT positioning solution. NB-IoT Rel-13 UEs are to be imminently deployed. 
For UTDOA positioning, the majority of the contributions in RAN1 used NPRACH or at least started from NPRACH [3]-[9]. Horizontal accuracy of Rel-13 NPRACH is shown in Figure 1 (simulation assumptions are in the Appendix). The system load measures the probability of each neighboring cell generating interference in a given resource. At the 67% level, UTDOA achieves horizontal accuracy of 17 m, 49 m, and 72 m for 10%, 50%, and 100% load respectively. Horizontal accuracy of 50 m can be achieved for 88%, 68% and 56% of UEs respectively under the same load conditions. Note that 100% load is an unrealistic theoretical stress case only. These results show that Rel-13 NPRACH can reach the accuracy target under realistic load conditions. The precise accuracy distribution is affected by the implementation choice of network-side algorithm, e.g. we used an updated but still relatively straightforward positioning estimation algorithm for Rel-13 NPRACH compared to that in [4], and other solutions may also exist.
[image: ]
Figure 1: Positioning accuracy for Rel-13 NPRACH UTDOA, with interference load levels of 10%, 50%, 100%.
Using Rel-13 NPRACH, there is no impact to RAN1 and RAN2 since it can re-use Rel-13 NPDCCH ordered NPRACH solution. This already has in Rel-13 all the necessary signaling support allowing coordination of resources between ordered and non-ordered NPRACH, and DCI contents with associated MAC procedures to allow eNB to select a specific NPRACH subcarrier to give the transmission better hearability at eNB receiver. These features were introduced specifically to help with positioning, and RAN2 in Rel-13 specified in TS 36.300 that “For NB-IoT the positioning may be supported based on the existing LCS architecture with eNB measurements only”. There is some RAN3 work to extend LPPa and SLmAP specifications to support the solution. RAN4 would need to specify the corresponding performance requirements for UTDOA. Overall, the standard impact of UTDOA based on Rel-13 NPRACH is small and can be limited to RAN3 and RAN4.
Observation 2: UTDOA based on NPDCCH ordered Rel-13 NPRACH has no impact to RAN1 and RAN2. The standard impact is RAN3 work to extend LPPa and SLmAP specifications, and RAN4 performance requirements.
With UTDOA based on Rel-13 NPRACH solution, both R13 and R14 NB-IoT UEs can support positioning, enabling a fast time-to-market for the technology. It should be supported in the WID.
As pointed out in [8], OTDOA may have better scalability to support massive number of UEs per cell because UEs can share only one copy of the narrowband PRS signal (or an existing NB-IoT DL signal) for the timing measurement. There are RAN1/RAN2/RAN3/RAN4 standard impacts  for OTDOA. And the UEs are required to upgrade. The time to market of OTDOA is expected to be later than UTDOA. Even so, we think it is useful to also support OTDOA considering the technical merits of scalability.
Proposal 1: UTDOA based on NPDCCH-ordered NPRACH without Rel-14 RAN1/2 impact, and OTDOA based on a new narrowband PRS design or existing NB-IoT signals should be supported. 
Conclusion
Positioning is a very important feature for NB-IoT. Based on the thorough evaluations in RAN1 and the sourcing company’s comprehensive simulation results, we have the following observations: 
Observation 1: UTDOA and OTDOA each offer some technical advantages.
Observation 2: UTDOA based on NPRACH doesn’t impact RAN1 and RAN2. The standard impact is RAN3 work to change LPPa and SLmAP specifications and RAN4 performance.
As decided in RAN#72, RAN1 studied the performance metrics of both UTDOA and OTDOA. RAN#73 is thus equipped to make the high-level decision according to RAN1 input. According to the analysis in Sections 2 and 3, the following decision is suggested:
Proposal: UTDOA based on NPDCCH-ordered NPRACH without Rel-14 RAN1/2 impact, and OTDOA based on a new narrowband PRS design or existing NB-IoT signals are supported. 
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Appendix
Table A.1	Link-level simulation assumptions for UTDOA
	Carrier frequency
	900MHz

	UE Tx antenna
	2

	BS Rx antenna
	1

	Fading channel model
	EPA 1Hz

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

	Frequency drift
	22.5 Hz/second



Table A.2	Simulation assumptions for accuracy study of UTDOA
	Network synchronization
	Synchronized without timing error

	Mobility
	Static

	Fading channel
	EPA 1 Hz

	Reference signal
	Rel-13 NPRACH

	Transmit power
	Max. 23 dBm per uplink transmission with open loop power control
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