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In RAN#73, the WID for enhancements of NB-IoT was revised, and the following was agreed on positioning functionality [1]:
· OTDOA is supported
· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB
· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact
· UTDOA positioning is supported under the following conditions:
· It uses an existing NB-IoT transmission
· It can be used by Rel-13 UEs
· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1
· Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification
In this contribution, we discuss all existing candidates of measurement reference signals for uplink positioning, and then give horizontal accuracy evaluation based on one of them (i.e. exactly reusing NB-IoT Rel-13 NPRACH) both for indoor and outdoor scenarios under agreed simulation assumptions [2]. Furthermore, UE complexity and UE power consumption for uplink positioning are analyzed. It is concluded that existing NPRACH for Rel-13 UE could be a measurement reference signal for UTDOA.
Measurement reference signals 
For the uplink positioning of NB-IoT, existing Rel-13 uplink transmission includes NPRACH and NPUSCH with narrowband (NB) DM-RS inserted as summarized in Table 1. 
Table 1 NB-IoT Rel-13 uplink transmission
	Transmission
	Tone number
	Equivalent bandwidth
	Noise bandwidth

	NPRACH
	1
	45 kHz*
	3.75 kHz

	NPUSCH with NB DM-RS
	1
	3.75 kHz
	3.75 kHz

	
	1
	15 kHz
	15 kHz

	
	3
	45 kHz
	45 kHz

	
	6
	90 kHz
	90 kHz

	
	12
	180 kHz
	180 kHz


*NPRACH total bandwidth including hopping
In general, NPRACH preamble signals and NB DM-RS symbols can be possibly used as timing measurement reference signal for uplink positioning. NPUSCH data symbols with CRC helping to correct demodulation also can be reconstructed as reference symbols for measurement by receiver implementation. Time of arrival estimation error standard deviation is well-known to be directly proportional to receiver Es/N0 and signal bandwidth, according to Cramer-Rao lower boundary theoretical analysis [3]. Thus, the network can get different results according to real situation if these signals are present at the time when positioning is requested.
Observation 1: NPRACH and NB DM-RS could be candidates for positioning reference signals for UTDOA. Reconstructed NPUSCH data symbols at the receiver can also be a possible candidate by implementation.
Positioning accuracy evaluation
In this section, we evaluate accuracy performance of uplink positioning for NB-IoT starting based on NPRACH with maximum 128 repetitions, following agreed simulation assumptions in [2]. Additional results for the less relevant [5] ETU case are provided in the appendix.
A general link-to-system mapping methodology is used for positioning accuracy evaluation where positioning signal quality are observed from system-level simulation with interference from neighbor cells and timing error at each signal quality level per cell is measured by applying a base station receiver algorithm to link-level simulation, where a sampling rate of 15.36MHz is used at the eNB receiver.
3.1	Indoor scenario
For the indoor case, performance results of horizontal accuracy under fading channel of EPA 1Hz with 3 different system loads are shown in Figure 1. The corresponding horizontal accuracy with percentile of 67% is summarized in Table 1.
[image: ]
Figure 1	CDF of positioning error for indoor case of EPA 1 Hz
Table 1	Positioning accuracy (meters of error) performance with percentile of 67% in EPA 1 Hz
	
	Load = 0.1
	Load = 0.5
	Load = 1.0

	Horizontal accuracy
	17.3 m
	48.9 m
	72.7 m



Observation 2: For indoor scenario with EPA 1 Hz, uplink positioning based on NPRACH achieves 17.3 m, 48.9 m and 72.7 m horizontal accuracy@67% corresponding to uplink system loads of 10%, 50% and 100% respectively.
3.2	Outdoor scenario
For the outdoor case, performance results of horizontal accuracy under fading channel of EPA 2.5Hz with 3 different system loads are shown in Figure 2. The corresponding horizontal accuracy with percentile of 67% is summarized in Table 2.
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Figure 2	CDF of positioning error for outdoor (2.5 Hz) case of EPA 2.5 Hz
Table 2	Positioning accuracy (meters of error) performance with percentile of 67% in EPA 2.5 Hz
	
	Load = 0.1
	Load = 0.4
	Load = 0.5
	Load = 1.0

	Horizontal accuracy
	12.1 m
	48.3 m
	59.9 m
	74.5 m



Observation 3: For outdoor scenario with EPA 2.5 Hz, uplink positioning based on NPRACH achieves 12.1 m, 48.3 m, 59.9 m and 74.5 m horizontal accuracy@67% corresponding to uplink system loads of 10%, 40%, 50% and 100% respectively.
Similar link-level performance of timing error estimation based on NPRACH for Doppler 2.5 Hz and 25 Hz are shown in Figure 3. Thus it can be expected outdoor positioning accuracy will be similar between the two cases.
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Figure 3	CDF of uplink timing error for EPA with Doppler 2.5 Hz and 25 Hz
Observation 4: For outdoor scenario, positioning performance is expected to be similar between Doppler 2.5 Hz and 25 Hz.
UE complexity and power consumption 
For uplink positioning method illustrated in Figure 4, UE will only send reference signal over the air and leave the network to do other things including measurement, thus the UE never transmits reports for positioning. After the MME has paged and potentially configured the UE, the UE is transparent to the E-SMLC without supporting any additional protocol for positioning which is quite different to the downlink method.
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[bookmark: _Ref457829659]Figure 4 Positioning process for uplink UTDOA
For uplink positioning based on NPRACH or any other uplink transmissions, all of the schemes relying on existing signals, meaning no additional complexity is introduced for Rel-13 UEs.
We use the same methodology as in TR45.820 to evaluate the power consumption and the parameters are as follows:
Table 3 Basic Parameter for the power consumption evaluation
	Operating mode
	Signal
	Power (mW)

	Transmit
(+23 dBm)
	NPUSCH,NPRACH, Random Access
	500

	Receive
	NPSS/NSSS
	90

	
	NPBCH, NPDCCH, NPDSCH
	90

	Sleep
	-
	3

	Standby
	-
	0.015

	Battery capacity
	-
	5Wh



For uplink positioning, here we evaluate power consumption starting with Rel-13 NPRACH as the positioning signal. Since when UE transmits uplink positioning signal, as many as possible neighbor cells need to be able to receive it, a maximum number of repetitions (i.e. 128) is always assumed for the UE no matter what MCLs it has in the serving cell.
Assuming UE in each positioning request will go through the whole RACH/RRC setup and related procedure as described in [4], and the downlink transmit power is different for stand-alone case and in-band/guard band cases, different results are summarized in Table 4 and Table 5 corresponding to the number of positioning requests.
Table 4 Battery consumed for uplink positioning in stand-alone mode
	
	Battery life consumption %

	Positioning request times
	144 dB
	154 dB
	164 dB

	100
	0.24%
	0.28%
	0.58%

	200
	0.49%
	0.57%
	1.17%

	500
	1.22%
	1.42%
	2.92%

	1000
	2.44%
	2.84%
	5.84%





Table 5 Battery consumed for uplink positioning in in-band/guard band modes
	
	Battery life consumption % 

	Positioning request times
	144 dB
	154 dB
	164 dB

	100
	0.25%
	0.35%
	1.10%

	200
	0.51%
	0.70%
	2.20%

	500
	1.27%
	1.74%
	5.49%

	1000
	2.53%
	3.48%
	10.99%



Conclusion
In this contribution, the positioning accuracy along with the complexity and power consumption of UTDOA is evaluated for NB-IoT based on NPRACH, which is an existing NB-IoT transmission. We have the following proposals and observations:
Observation 1: NPRACH and NB DM-RS could be candidates for positioning reference signals for UTDOA. Reconstructed NPUSCH data symbols at the receiver can also be a possible candidate by implementation.
Observation 2: For indoor scenario with EPA 1 Hz, uplink positioning based on NPRACH achieves 17.3 m, 48.9 m and 72.7 m horizontal accuracy@67% corresponding to uplink system loads of 10%, 50% and 100% respectively.
Observation 3: For outdoor scenario with EPA 2.5Hz, uplink positioning based on NPRACH achieves 12.1 m, 48.3 m, 59.9 m and 74.5 m horizontal accuracy@67% corresponding to uplink system loads of 10%, 40%, 50% and 100% respectively.
Observation 4: For outdoor scenario, positioning performance is expected to be similar between Doppler 2.5 Hz and 25 Hz.
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Appendix
Positioning accuracy study for ETU is provided below. 
1) Indoor scenario
[image: ]
Figure 2	CDF of positioning error in meter for indoor case of ETU 1Hz
	
	Load = 0.1
	Load = 0.3
	Load = 0.5
	Load = 1.0

	Horizontal accuracy
	34.1 m
	57.1 m
	66.7 m
	93.1 m



2) Outdoor scenario

[image: ]
Figure 4	CDF of positioning error for outdoor case of ETU 2.5 Hz
	
	Load = 0.1
	Load = 0.3
	Load = 0.5
	Load = 1.0

	Horizontal accuracy
	27.6 m
	48.2 m
	74.5 m
	90.8 m
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