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Introduction
In TSG RAN Meeting #72 it was agreed to study UTDOA and OTDOA based positioning for NB-IoT [1]. 
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 addition, the introduction of a new power class to support a lower maximum transmit power for NB-IoT UEs was discussed.
New Power Class(es)
· Evaluate and, if appropriate, specify new UE power class(es) (e.g. 14dBm), and any necessary signaling support, to support lower maximum transmit power suitable for small form-factor batteries, with appropriate MCL relaxations compared to Rel-13 (RAN4, RAN2).
This contribution discusses the applicability of UTDOA based positioning taking the Tx power parameters in [5] and the new power UE classes into account.
Background
UTDOA positioning is based on time-of-arrival measurements on an UE uplink signal. In the case of legacy LTE, this measurement is performed on the SRS. 
The maximum transmit power for Cat-NB1 UEs, defined in [5], is 23dBm. For the new low-power UE class, a maximum transmit power of [14dBm] is proposed. In the following, issues arising from UTDOA-based positioning for both cases are discussed.

Lower transmit power
Due to the low UE transmit power (compared to the eNB), UTDOA requires a long signal integration time to achieve a similar performance as for OTDOA. Compared to OTDOA with maximum transmit power of 43dBm, this represents 20dB difference which can be closed by 100 x longer integration intervals.
However, the integration of long signal bursts is increasingly harmed by frequency drifts and phase noise of the carrier.
Observation 1: UTDOA based positioning requires a considerably longer integration time compared to OTDOA to achieve similar performance.


New low-power UE class
[bookmark: _GoBack]The work item also considers the introduction of a new low-power UE class.  It is desirable to also provide positioning capabilities to these UEs. Especially low power UEs will rely on 3GPP RAT-dependent positioning features, since an extra GNSS module would increase cost and power consumption. Given that the maximum transmit power is [14dBm], this again needs to be compensated for by longer transmit times. A reduction of [9dB] with respect to a 23dBm UE lead to an 8 times longer signal.
Observation 2: [14dBm] UEs are likely to rely solely on RAT dependent solutions for positioning.

Transmission Gaps
NB-IoT UEs only support half-duplex operation and thus, cannot track the eNB carrier frequency while transmitting. The insertion of transmission gaps has been specified for long NPUSCH and NPRACH transmissions to allow the UE to resynchronize [2]. 


After transmissions of  (256ms) time units, a gap of  (40ms) time units shall be inserted where the NPUSCH transmission is postponed [3].
For UTDOA, long uplink transmission is required and as a result, the insertion of transmission gaps might be needed. One drawback of the transmission gaps is the increased time, during which the UE cannot switch to sleep mode since it needs to maintain an accurate time base. 
Observation 3: Low power UEs with a small battery capacity will suffer even more from long uplink transmissions, since transmission gaps further increase the time-period during which the UE cannot sleep.

Simulation
In the following, we study the influence of reduced transmit power of UTDOA with respect to OTDOA. We use 1 OTDOA DL subframe and increase the number of UTDOA UL subframes until we reach a similar TOA estimation performance for OTDOA and UTDOA. Simulation results are compared for both Typical Urban (TU) and Rural Area (RA) channel models.
For UTDOA, it is assumed that 4 UEs can be multiplexed in frequency within 1 PRB, each utilizing 3 subcarriers. The positioning subframes are based on random BPSK symbols. The UL signal has not been precoded before OFDM modulation.
For TOA processing the following assumptions were made.
· Coherent integration within one subframe (1ms)
· Non-coherent integration over multiple subframes
· 1.92 MHz sampling frequency, refined estimate by IFFT interpolation
The simulation results were obtained for 1 OTDOA subframe of 1ms (Figure 1) and 100 UTDOA subframes of 100ms in total. For UTDOA, localized subcarrier allocation (case 1) and distributed subcarrier allocation (case 2) were compared.
[image: G:\OK\Ideensammlung\3gpp_contribution_drafts\figures\otdoa.emf]
Figure 1: OTDOA DL signal over 1 subframe.
[image: G:\OK\Ideensammlung\3gpp_contribution_drafts\figures\case1.emf]
Figure 2: UTDOA UL signal case 1: localized subcarrier allocation over 4 subframes.




[image: G:\OK\Ideensammlung\3gpp_contribution_drafts\figures\case2.emf]
Figure 3: UTDOA UL signal case 2: distributed subcarrier allocation over 4 subframes.

Figure 4 and 5 show the error in estimating the TOA for OTDOA and UTDOA in both cases. As discussed in Section 2.1, 100 times longer transmission intervals are needed to achieve similar performance for UTDOA as for OTDOA.
 A TU channel model was used for the simulation results in figure 4. UTDOA case 2 performs slightly better due to the wider signals bandwidth within one subframe, which can be combined coherently. For case 1 on the other hand, only narrow frequency bands are combined coherently. The performance improvement for case 2 is more pronounced for a RA channel model as shown in figure 5.

[image: G:\OK\Ideensammlung\3gpp_contribution_drafts\figures\result_urban_5000.emf]
Figure 4: TOA estimation error converted to distance error, TU channel.
[image: G:\OK\Ideensammlung\3gpp_contribution_drafts\figures\result_rural_5000.emf]
Figure 5: TOA estimation error converted to distance error, RA channel.

Observation 4: Distributed subcarrier allocation can increase performance for UTDOA.



Conclusions
Observation 1: UTDOA based positioning requires a longer integration time compared to OTDOA to achieve similar performance.
Observation 2: [14dBm] UEs are likely to rely solely on RAT dependent solutions for positioning.
Observation 3: Low power UEs with a small battery capacity will suffer even more from long uplink transmissions, since transmission gaps further increase the time-period during which the UE cannot sleep.
Observation 4: Distributed subcarrier allocation can increase performance for UTDOA.
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Annex: 
Simulation Assumptions
	Parameter
	Value

	Frequency band
	900 MHz

	Propagation channel model
	TU, 12 taps; RA, 4 taps

	Doppler spread
	1 Hz 

	CL
	154 dB

	Antenna configuration
	eNB: 1Tx,1Rx
UE: 1Tx,1Rx

	Frequency error
	0

	eNB transmit power per 200KHz (dBm)
	43 dBm

	UE transmit power (dBm)
	23 dBm

	Thermal noise density (dBm/Hz)
	-174

	eNB Receiver noise figure (dB)
	3

	UE Receiver noise figure (dB)
	5
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