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1. Introduction
A new WI for NB-IOT enhancements (eNB-IOT) was established in the RAN#72 meeting and revised in RAN #73[1]. Further positioning methods will be supported to meet the ever increasing demands of location services. 

Positioning:

Introduce E-CID core requirements:

· RSRP/RSRQ measurement [RAN4 only]

· UE Rx-Tx time difference measurement [RAN4 only]

· 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

UTDOA positioning is within the scope of the WID. Existing NB-IOT UL signal should be used. This paper provides analysis for UTDOA requirements for Rel-14 eNB-IOT.
2. Discussion on UTDOA
2.1 Simulation results on UTDOA using Rel-13 NPRACH

In this section, estimated timing error performances are evaluated by link-level simulation for the Rel-13 NPRACH under MCL levels of 144 dB, 154 dB and 164 dB, where 128 repetitions are assumed. Simulation assumptions can be found in Table A.1 in the appendix, where fading channel of EPA 1 Hz is considered. The CDF curves of estimated timing errors for the Rel-13 NPRACH are shown in Figure 1, and the percentiles corresponding to the timing error threshold of 65ns are summarized in Table 1.

[image: image1.png]CDF

08

08

07

08

05

04

03

02

01

EPA 1Hz

— 164MCL

03

i i
04 05 06
timing error (us)

07

08 08 1




Figure 1 CDF of uplink timing error for Rel-13 NPRACH for single shot
Table 1
CDF of 65 ns timing error for the new UL positioning signal and NPRACH
	Signal
	[1] 144 dB MCL
	[2] 154 dB MCL
	[3] 164 dB MCL

	Rel-13 NPRACH with 128 reps (819.2ms)
	52.9%
	44.8%
	22.2%
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Figure 3
CDF of uplink timing error for EPA with Doppler 2.5 Hz and 25 Hz

144dB, 154dB and 164dB MGL corresponding to 7.4, -2.6, -12.6dB SNR for in-band NB-IOT

 144dB, 154dB and 164dB MGL corresponding to 15.4, 5.4, -4.6dB SNR for in-band NB-IOT

2.2  Requirements on UTDOA using Rel-13 NPRACH

· Measurement period

The LMU shall be able to perform UL RTOA measurements in all supported bands and meet the requirements in this clause for category NB UE.

The LMU shall be able to perform and report a UE's UL RTOA measurements, based in its NPRACH transmissions, within 
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ms as given below:
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 is the NPARCH periodicity in ms, according to the xx IE received by the LMU from the E-SMLC via SLmAP;

-
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 is the number of NPRACH measurement occasions (depends on the applicable bandwidth);
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=50 ms is a margin to account e.g. for the time necessary for sampling and processing.

M could be 128 based on simulation results. 
· Accuracy requirement
The requirements apply under the following conditions:

●
Measured SRS Ês/Noc =-12.6 dB;
●
All interference and noise: AWGN,
●
Minimum Io -125.1 dBm/15kHz,

●
Maximum Io -50.0 dBm/BWchannel,

The requirements are specified in Table 2.

Table 2: LMU UL RTOA measurement accuracy requirements for category NB1, NB2

	AWGN
	EPA5

	Minimum number of NPRACH transmissions
	90% RTOA (Ts)
	Minimum number of NPRACH transmissions
	90% RTOA (Ts)

	128
	20
	128
	20


3. Conclusion
This paper provides the discussion on UTDOA for Rel-14 eNB-IOT positioning.
Proposal1: Define UTDOA measurement period as below:
M could be 128 based on simulation results. The measurement time is 
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Proposal2: Define UTDOA accuracy requirement as below:


Table 2: LMU UL RTOA measurement accuracy requirements for category NB1, NB2

	AWGN
	EPA5

	Minimum number of NPRACH transmissions
	90% RTOA (Ts)
	Minimum number of NPRACH transmissions
	90% RTOA (Ts)

	128
	20
	128
	20
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