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At RAN1#86 the discussions on NB-IoT positioning was started and it was among other things agreed to model interference loads of 10%, 50% and 100% [5]. The input presented by the sourcing company at RAN1#86, i.e. in [2][3][4], was for simplicity assuming 0% load corresponding to a completely coverage limited network scenario. After RAN1#86 the system simulator described in [6] was updated to cater for the interference loads as agreed. This contribution presents a few observations made on the level of interference observed in the simulated system, and on the impact this is expected to have on the ability of the existing Release 13 NPSS, NSSS and NRS signals to cater for good OTDOA positioning performance. 
Discussion
In OTDOA a UE is expected to measure the time of arrival (TOA) from a set of cells and report the difference of the same back to the network. The ability of the UE to efficiently measure the TOA is dependent on the SINR levels experienced in each UE to eNB link. In the case of NB-IoT it is expected that the system should be operable for a 1/1 frequency reuse, which implies that all eNBs interfere each other. So if a UE receives a reference signal from two eNBs with a power difference of 10 dB, then it will experience a SINR of +10 dB when detecting the TOA of the first cell, but a SINR of -10 dB when detecting the TOA of the second cell. This is a simple example ignoring the noise power, but it illustrates the issue caused by interference when attempting to listen to multiple cells.  
It is expected that for OTDOA to perform at its best a UE should listen to up to 10 cells, and it is obvious that the interference situation becomes worse. The below figure illustrates the recorded SINR values when a large quantity of UEs spread over a hexagonal cell grid is required to listen to 10 eNBs. The system follows the agreed assumptions in [5]. The impact on SINR is as expected considerable when the network load is increased.
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Figure 1 SINR distribution in a 1/1 frequency reuse system with 1732 m inter site distance and a MCL of 164 dB.
RAN4 is currently working on the RF and RRM requirements for NB-IoT and has e.g. agreed that a UE requires at least a SNR of -13 dB to be able to detect a synchronization channel. For details see TS 36.133 v14.0.0 table B1.4-2. This SINR makes sense since it maps roughly to the SNR experienced by a UE with NF 5 dB in the 10 MHz inband scenario.
The next figure quantifies the impact on NPSS positioning performance from different loads when assuming the NPSS link to system model presented in [6]. From the discussion at RAN1#86 it is clear to the sourcing company that the here used NPSS receiver model may not be representative for a state of the art NB-IoT device. But it serves its purpose here to show how performance is negatively impacted by increasing the load in the system.
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Figure 2 Impact on NPSS based OTDOA accuracy from modelling of interference.
The negative impact on accuracy can be explained by the number of eNBs taking part in any given positioning attempt. In the simulations performed for this paper a UE attempts to listen to the NPSS in up to 10 cells. If the SINR is below -13 dB the UE to eNB link is considered too weak to give a time of arrival estimate. The below figure depicts the distribution of number of eNBs taking part in a positioning attempt for the different investigated levels of interference. Again the impact is considerable. The OTDOA positioning algorithms need at least TOA estimates from four different eNBs to give a robust performance.
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Figure 3 Distribution of number of eNBs taking part in a positioning attempt for different level of interference.
Conclusion
This paper has investigated the impact from interference on NPSS based OTDOA positioning. It was shown that high interference loads have a considerable and negative impact on the simulated performance. Although only NPSS was studied within the scope of this paper it is expected that similar impacts will be visible also for other existing NB-IoT Release 13 signals such as NSSS and NRS.
It is therefore proposed that RAN1 focus its efforts for NB-IOT positioning on PRS like signals as proposed in [7], since they have an inherent resilience against interference as shown in [8]. 
Proposal: RAN1 should focus its efforts on NB-IOT positioning on PRS like signals.
1 References
[1] [bookmark: _Ref458157933]RP-161324, New work item proposal: Enhancements of NB-IoT, source Vodafone, Huawei, HiSilicon, Ericsson, Qualcomm, 3GPP TSG RAN Meeting #72, Busan, Korea, 13th – 16th June, 2016.
[2] [bookmark: _Ref458718343]R1-167425, On uplink-based positioning for NB-IoT, RAN1#86, source Ericsson
[3] [bookmark: _Ref458718346]R1-167426, On timing advance based multi-leg positioning for NB-IoT, RAN1#86, source Ericsson
[4] [bookmark: _Ref458718347]R1-167427, On downlink-based positioning for NB-IoT, RAN1#86, source Ericsson
[5] [bookmark: _Ref458421697][bookmark: _Ref462838573][bookmark: _Ref458435556]R1-168310, WF on simulation assumptions, RAN1#86, source ZTE et al.
[6] [bookmark: _Ref462745136]R1-1608699, A new system simulator for NB-IoT positioning, RAN1#86bis, source Ericsson
[7] [bookmark: _Ref462832434]R1-1608697, OTDOA design for NB-IoT, RAN1#86bis, source Ericsson
[8] [bookmark: _Ref462836006]R1-1608698, OTDOA performance for NB-IoT, RAN1#86bis, source Ericsson

1(5)
[bookmark: _Toc458939174]2(5)
image3.png
coF

100

e

E

n

E

el

a

Lowl 0%
Load 10%
Loa 50
Load 100%

El

El

T2 3 4 5 &
Niumber ofcetected eNEs




image1.png
COF ]

100

e

E

n

E

el

a

El

El

Lowl 0%
Load 50
Load 100%

S0 a0 2 -
SINR (8]

0

[

E]

E




image2.png
coF

100

Lowl 0%
Load 10%
Loa 50
& Load 100%

e

n

E

el

a

El

El

100

00 w0 4w w0 e 70
Horizonta posiioning error [m]




