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1 Introduction

Both OTDOA and UTDOA require a synchronous network to achieve good positioning performance. Particularly for OTDOA, orthogonality among downlink signals due to OFDM and the same 15 kHz subcarrier spacing-based numerology is always assumed, even between inter-site cells. However, in reality there are various non-ideal factors, e.g. the residual frequency offset among different eNBs in the network depends on the extent and degree of network non-synchronization, which results in practical non-orthogonality and produces interference among inter-site cells. Others, like non-linear RF impairments, residual synchronization error at UE side, and etc. also lead to worse performance than ideal assumptions. In this contribution, we analyze and evaluate the impact of interference caused by non-ideal factors which possibly exist in real deployments. It is observed that UTDOA has advantages in some aspects, and consequently we propose to specify both OTDOA and UTDOA in Rel-14 to provide sufficient positioning options in good time to reduce the risk of operators not having an accurate enough positioning method ready to meet the first demands for positioning features in IoT.
2 OTDOA 
The positioning accuracy is limited in a NB-IoT system with only 180 kHz transmission bandwidth, thus introducing more sites into the multilateration calculations is one effective way to improve the positioning accuracy. However in practice, the number of effective eNB sites used for UE positioning measurement is reduced since the network may not be synchronized perfectly, producing interference among inter-site NB-IoT cells. For in-band and guard band operation modes, the situation is worse due to the extra leakage from LTE signals. The UE may have an additional 0.1ppm residual frequency offset which can further degrade the NPRS sequence detection performance, and also impact on the number of eNB sites that can be measured. In this contribution, we analyze the effects of non-ideality arising from inter-site NPRS interference within the NB-IoT PRB, inter-site LTE interference for in-band/guard-band deployments, and link this to the dynamic range within which the UE can receive multiple eNBs for RSTD measurements.
2.1 Inter-site NPRS interference

For example, assuming the relative frequency offset between eNBs is within [-0.1ppm, 0.1ppm] and UE’s synchronization is ideal (meaning no residual frequency offset), then the maximum frequency offset UE suffers can be 0.1ppm, e.g. 200Hz @ 2GHz. A simple calculation can be modelled as a SINC interference function. The interference leakage from 1 adjacent subcarrier carrying NPRS from another cell site is: 
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Referring to Figure 1, this means if the received NPRS power of cell A is 37.4 dB lower than another cell B, the SIR of cell A to cell B is lower than 0 dB. That would degrade the demodulation performance for NPRS of cell A. In a real deployment, the dynamic range of two received NPRS signals’ from inter-site cells is possibly larger than 37.4 dB and considering there are NPRS signals from a maximum of six different cells within one sub-frame, the total interference leakage into NPRS of cell A is higher than -37.4 dB, and the RSTD measurement performance of cell A is worse. It is a typical case that measurements of NPRS from neighbour cells suffer strong interference from the serving cell because serving cell’s NPRS usually have higher received power at the UE.
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Figure 1 Interference on NPRS signal between imperfect synchronous eNBs
2.2 Inter-site LTE interference

Considering the in-band and guard band operation modes, the interference is increased due to the spectrum leakage from inter-site LTE signal with relative frequency offset between eNBs. A simple calculation can be made for the total leakage considering Section 2.1 and adding an adjacent LTE PRB: 
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Where the first part within ‘log(.)’ denotes the leakage from the adjacent subcarrier of NB-IoT NPRS signal and the second part denotes the accumulation of leakage from the 12 subcarriers of the adjacent PRB of LTE. If one NB-IoT carrier is deployed with 20 MHz LTE carrier, the accumulation of leakage from all 100 or 99 LTE PRBs will be higher than -33.3dB. Considering the non-linear RF impairment, the situation would be worse. 
Assuming UE has additional 0.1ppm residual frequency offset, the frequency offset between received NPRS signal and local crystal is up to 0.2ppm, the NPRS sequence detection performance is further degraded.
Observation 1: Relative frequency offset between eNBs causes interference leakage which will degrade RSTD measurement performance based on NPRS.

Observation 2: There are further non-ideal factors, e.g. UE residual frequency offset which will degrade RSTD measurement performance further.

2.3 Dynamic range of NPRS signals from different sites
These kinds of interference leakage and demodulation performance degradations due to non-ideal factors in real deployment limit the number of sites can be used for UE positioning measurement. For example, taking the NPRS signal detection threshold as 0 dB, if the dynamic range between two NPRS signals from different cells is larger than 37.4 dB, one of them will not be measured effectively. The more sites UE attempts to measure for OTDOA, statistically the larger will be the dynamic range of NPRS power from these sites. The interference leakage impact on RSTD measurement for sites with much lower NPRS received power than others will be significant. In other words, the ability to increase the number of usable eNBs for one UE to perform RSTD measurement is limited due to the interference caused by realistic imperfections. 
Observation 3: The more sites used in RSTD measurements, the larger the dynamic range of NPRS signals within one subframe will be at the UE receiver.

Observation 4: The larger dynamic range of UE received NPRS power results in much more impact on RSTD measurement due to interference leakage between non-synchronized sites, which means some NPRS signals with low relative received power cannot be used for RSTD measurement.
In Figure 2, we evaluate the probability that a UE will be able to find N sites within a given dynamic range using synchronized sites and the assumptions in [2]. If we pick the 90% level, a 30 dB dynamic range finds 3 sites, but to achieve the same reliability for 7 sites, 40 dB dynamic range is needed, and at least some of those sites could be lost to the practical interference leakage level of (at best) -37.4 dB. On the other hand, if we tighten the dynamic range to avoid the interference level, saying 20 dB dynamic range of NPRS signals is allowed, only 30% of UEs can hear 7 sites while 70% of UEs can hear 3 sites. The difference in accuracy between these examples of 3 sites and 7 sites is significant, as shown in Table 1 (simulation assumptions in [2]), highlighting the limiting effects of non-ideal synchronization.
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Figure 2 Dynamic range of NPRS signal strength from different sites
Table 1 Summary of OTDOA positioning accuracy with different number of sites
	Horizontal accuracy@67%
	In-band, indoor scenarios, EPA1Hz
	In-band, indoor scenarios, ETU1Hz
	In-band, outdoor scenarios, ETU2.5Hz
	In-band, outdoor scenarios, ETU25Hz

	3 sites
	46.7 m
	248.9 m
	156.9 m
	52.3 m

	7 sites
	29.1 m
	136.1 m
	90.7 m
	42.1 m


Observation 5: Realistic imperfections such as interference leakage due to non-synchronized sites can limits the ability to increase the number of usable eNBs for the UE to perform RSTD measurements, consequently limiting the positioning accuracy of OTDOA.
3 UTDOA 

In general, the situation is similar with OTDOA in section 2. But for UTDOA, the inter-site interference within the NB-IoT carrier can be to a useful extent alleviated by scheduling e.g. UEs in different neighbour cells send NPRACH at different times by NPDCCH order, thus there is no inter-site interference for positioning within the system. However, this is not possible for OTDOA because the NPRS pattern for different cells within a subframe is fixed. Even if different eNBs are configured to send NPRS in different subframes, UE will have to spend much more time to perform measurement for multiple cells and the power consumption and latency will be increased significantly. In the uplink it is much easier to do flexible scheduling than the downlink, since there are many common physical channels and signals in the downlink anchor carrier. For example, the network can configure dedicated NPRACH resource for UTDOA positioning reference signal transmission [3] and different neighbour cells could schedule UEs to transmit on different NPRACH positioning resources, thus there is no inter-site interference from neighbour cells in and more sites can hear the positioning signal transmitted from UE. The system load for positioning is expected to be very low in such cases, and the simulation results for different system loads can be found in [3]. 
Furthermore, in UTDOA the positioning processing is done by the network while the measurement and report for OTDOA are done by UE. Always, but especially in NB-IoT, the network is more capable of advanced algorithms and complex calculations than the UE to help improve the performance. 
Although facing similar impacts due to interference in non-ideal synchronous network, UTDOA is expected to have additional resilience to alleviate the impacts discussed in section 2 compared to OTDOA. 

Observation 6: UTDOA has advantages in terms of time- and frequency-domain frequency resource, and network computational power to help alleviate the impact due to interference leakage caused by imperfect synchronous networks in real deployments.
Consequently, we propose to specify both OTDOA and UTDOA in Rel-14 to provide sufficient positioning options in good time to reduce the risk of operators not having an accurate enough positioning method ready to meet the first demands for positioning features in IoT.

Proposal 1: Specify both OTDOA and UTDOA in Rel-14 NB-IoT to provide sufficient positioning solutions to reduce the risk of positioning accuracy degradation in real deployments of non-ideal synchronous networks.
4 Conclusions
It is concluded the following proposal and observations,
Proposal 1: Specify both OTDOA and UTDOA in Rel-14 NB-IoT to provide sufficient positioning solutions to reduce the risk of positioning accuracy degradation in real deployments of non-ideal synchronous networks.
Observation 1: Relative frequency offset between eNBs causes interference leakage which will degrade RSTD measurement performance based on NPRS.

Observation 2: There are further non-ideal factors, e.g. UE residual frequency offset which will degrade RSTD measurement performance further.
Observation 3: The more sites used in RSTD measurements, the larger the dynamic range of NPRS signals within one subframe will be at the UE receiver.

Observation 4: The larger dynamic range of UE received NPRS power results in much more impact on RSTD measurement due to interference leakage between non-synchronized sites, which means some NPRS signals with low relative received power cannot be used for RSTD measurement.

Observation 5: Realistic imperfections such as interference leakage due to non-synchronized sites can limits the ability to increase the number of usable eNBs for the UE to perform RSTD measurements, consequently limiting the positioning accuracy of OTDOA.
Observation 6: UTDOA has advantages in terms of time- and frequency-domain frequency resource, and network computational power to help alleviate the impact due to interference leakage caused by imperfect synchronous networks in real deployments.
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