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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 summary for NB-IoT positioning accuracy comparison.

2 Discussions
Trilateration based downlink positioning exists from early LTE release. In  OTDOA, the positioning UE measures the time of arrival (ToA) of specific downlink reference signals from multiple cells and then reports the RSTD measurement results to the location server.  UTDOA is another terrestrial triangulation technology that operates by obtaining measurements of the time differences of arrival between a signal arriving at a serving cell and a cooperating cell.  The UTDOA technology has the advantage that the UL time difference of arrival could be implicitly measured for UL Tx signals at the neighboring cells. In the following we provide a summary of comparison.
2.1 Positioning performance
· Positioning accuracy

We summarize our initial evaluation result for both UTDoA and OTDoA in figure 1 and figure 2 below
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Figure 1 : UTDOA positioning accuracy CDF 
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Figure 2:OTDOA positioning accuracy CDF
From the simulation result, OTDOA exhibits better positioning performance than UTDOA. Actually the two techniques are based on the same principles therefore ideally they would exhibit similar performance. One of the major factor that impacts the simulation result is the difference in transmission power of the positioning signals.   
· Positioning latency

The total latency for OTDOA will include the total PRS transmission time and the measurement reporting time. The total latency for UTDOA does not include the UE measurement report time. As the uplink NB-IoT design has targeted a low data rate therefore the UE measurement report time will occupy major percentage of the total latency. It is expected UTDOA will provide lower total latency.
2.2 Network efficiency 

For OTDOA, first of all, DL PRS transmission has huge impact on DL system capacity in coverage enhancement scenario .Secondly, DL PRS also impacts UL transmission as the DL control channels transmission are also impacted during PRS opportunities.  
For the total number of UE that can be supported for positioning, it is constrained by the total resource required for measurement report transmission. In extreme coverage deployment scenario this situation will be more severe. 
2.3 UE implementation complexity and cost
Handset from different vendors may exhibit different variations in RFTD measurement accuracy, which has impact on the positioning performance. Note the RFTD measurement will be a huge burden for low cost UEs. One of the aim of NB-IoT is low cost terminal, the support of LPP implementation , measurement requirement will in anyway increase the cost of these UEs. On the other hand, UTDOA is almost transparent to the UE. The detection and measurement task is no the network side. 
For  OTDOA, all the N-PRS signal transmitted from positioning eNB need to be detected by the target UE. Typically in NB-IoT deployment the extreme coverage UEs already rely on long repetitions to receive serving eNB transmission, to detect all the signals from neighboring positioning cells and make satisfied measurement would require extra accumulation therefore not only power consumption will increase, the receiver performance of these. UE will also have to improve. This will in anyway increase the cost of the NB-IoT terminal.
For UTDOA, network need to detect and measure the arrival time of UL signals, similar to the downlink case. However, advance signal processing algorithms can be used to improve the hearability and the receiver performance. 

2.4   UE power consumption
As explain before, the extreme coverage UEs already rely on long repetitions to receive serving eNB transmission, to detect all the signals from neighboring positioning cells and make satisfied measurement would require extra accumulation . Besides ,  the measurement report will also consume extra power . Therefore at least for coverage enhancement UE OTDOA will have bigger impact on power consumption. Note these coverage enhancement UEs are usually the bottleneck in the evaluation of UE power consumptions.
Base on the above analysis , we have the following observations:
 Observation 1: OTDOA provides better positioning accuracy.
Observation 2: UTDOA has advantages in term of positioning latency, network efficiency, UE complexity, UE cost and UE power consumption.
3 Conclusions
In this contribution, we have provided comparison of different positioning solutions for NB-IoT from RAN1 perspective. We make the following observations:

Observation 1: OTDOA provides better positioning accuracy.

Observation 2: UTDOA has advantages in term of positioning latency, network efficiency, UE complexity, UE cost and UE power consumption.
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