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1. Introduction
A new work item on “Enhancements of NB-IoT” was approved at RAN#71 meeting [1] with the following targets related to UTDOA.
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 share our views on comparison of OTDOA and UTDOA positioning in NB-IoT.

2. Comparison of OTDOA and UTDOA
Both OTDOA and UTDOA belong to the RAT-dependent positioning solutions, where the location server (e.g. E-SMLC) derives the position of target UE according to collected measurement results. OTDOA is a downlink-based positioning solution, in which the target 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 for UE positioning. UTDOA is an uplink-based positioning solution, in which the LMU measures the ToA of specific uplink reference signal from the target UE and then reports its ToA measurement results to the location server. The detailed comparison of OTDOA and UTDOA in terms of positioning accuracy, network complexity and UE complexity will be provided below. 

2.1 Positioning Accuracy

OTDOA and UTDOA are based on same principle for UE positioning as mentioned above. If OTDOA and UTDOA would have same:  
· Transmission power for reference signal (used for ToA estimation)
· Hearability for measured reference signal

· Channel condition

· ToA estimation error

· ToA estimation algorithm
· Quantization granularity of measurements reporting
· eNB synchronization error
· Positioning algorithm at the location server
then the positioning accuracies of OTDOA and UTDOA would be similar. However due to the difference between downlink transmission and uplink transmission, OTDOA has more advantages than UTDOA in terms of transmission power of reference signal, hearability, channel condition, ToA estimation error and quantization granularity of corresponding measurements reporting as shown in Table 1. 
Table 1 Parameter and function comparison of OTDOA and UTDOA
	Parameter/Function
	OTDOA
	UTDOA

	Transmission power
	43 dBm for stand-alone operation

35 dBm for in-band and guard band operation
	Max. 20 dBm and 23 dBm

	Hearability
	Better due to PRS muting pattern
	Poor due to NPRACH without muting pattern

	Channel condition
	Very good due to supported PRS muting pattern
	Bad due to possible interference from other legacy UEs and NB-IoT UEs

	ToA estimation error
	Lower ToA measurement error due to higher receive power and consequently lower probability for NLoS-based ToA estimation
	Higher ToA measurement error due to lower receive power and consequently higher probability for NLoS-based ToA estimation

	ToA estimation algorithm
	Same

	Quantization granularity of measurements reporting
	Minimal 1Ts resolution [4]
	2Ts resolution [5]

	Quantization granularity of RSTD measurements results
	Minimal 1Ts resolution
	4Ts resolution

	eNB synchronization error
	Same

	Positioning algorithm at the location server
	Same


UTDOA positioning could be further enhanced by improved hearability for uplink reference signalling, higher sampling rate, better ToA estimation algorithm and higher granularity for UL RTOA reporting. However NLoS-based ToA estimation is the main error source for both OTDOA/UTDOA positioning. Moreover the wider bandwidth, good channel condition, better hearability and higher transmission power are the important factors for ToA estimation accuracy improvement no matter if the ToA estimation happens at the network side or at the UE side. Therefore the obtained gain of UTDOA is limited due to the limitation of transmission power and bandwidth and the massive number of NB-IoT UEs. It is good to remember that for UL operation, narrower transmission (<12 tones) allocation was assumed for the highest path loss scenarios, thereby also leading to bandwidth benefit of OTDOA. Also applying increased software/hardware implementation complexity for higher sampling rate and enhanced ToA estimation algorithm to eNB has limited gains. In other words, due to the inherent power advantage and potentially wider bandwidth for OTDOA, it is hard for UTDOA to achieve the same positioning accuracy as OTDOA in NB-IoT.

Observation 1: It is hard for UTDOA to achieve the same positioning accuracy as OTDOA in NB-IoT. 
2.2 Network and UE Complexity
The complexity comparison of OTDOA and UTDOA at both network and UE sides is provided in Table 2, where it can be observed that UTDOA requests lower complexity at the UE side compared to OTDOA. However, no matter if the UE supports OTDOA or not, the UE still needs to detect/receive the control signalling and downlink data from the network. Moreover the NB-IOT UE implementation for OTDOA could be leveraged on the baseline of existing OTDOA scheme (3GPP LTE Rel-9). Therefore the additional UE complexity brought by OTDOA is deemed acceptable.  

Table 2 Complexity comparison of OTDOA and UTDOA 
	
	Procedure
	OTDOA
	UTDOA

	Network
	LMU
	No
	Yes

	
	ToA measurement
	No
	Yes

	
	ToA estimation
	No
	Yes

	
	RToA reporting 
	No
	Yes

	
	 RSTD derivation
	No
	Yes

	
	Reference signalling transmission
	Yes
	No

	
	Storage buffer
	Less
	More

	UE
	ToA measurement
	Yes
	No

	
	ToA estimation
	Yes
	No

	
	RSTD derivation
	Yes
	No

	
	RSTD reporting
	Yes
	No

	
	Uplink reference signalling transmission for UTDOA
	No
	Yes

	
	Storage buffer
	More
	Less


Observation 2: Although OTDOA requires more complexity at UE side than UTDOA, this additional complexity is deemed acceptable due the maturity of OTDOA implementation.
Observation 3: The need for a LMU significantly increases the network CAPEX/OPEX for the UTDOA solution.  

3 Conclusions

In this contribution, we provide our views on the comparison of OTDOA and UTDOA in terms of positioning accuracy, network complexity and UE complexity with the following observations:
Observation 1: It is hard for UTDOA to achieve the same positioning accuracy as OTDOA in NB-IoT .
Observation 2: Although OTDOA requires more complexity at UE side than UTDOA, this additional complexity is deemed acceptable due the maturity of OTDOA implementation.  

Observation 3: The need for a LMU significantly increases the network CAPEX/OPEX for the UTDOA solution.   
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