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1 Introduction

An updated NB-IoT work item description was approved at RAN#73 [1]. It contains a proposal to introduce support for UTDOA positioning based on NB-IoT Release 13 physical channels. This update was motivated in the contribution “On NB-IoT positioning” [2] where it is claimed that UTDOA could be based on the Release 13 NPRACH. At RAN1#86bis, in case of UTDOA the following conclusion was driven at the meeting:
· Rel-13 NPRACH preamble is the best candidate and can be used as a signal for NB-IoT UTDOA in some scenarios.

· Whether it is feasible in a given network deployment depends on issues including network coordination, interference handling, power control, in-band emissions, capacity impacts, etc.

· Companies are encouraged to identify in RAN1#87 scenarios where it is and is not feasible.

This contribution presents NPRACH based UTDOA performance when modeling intra-cell interference caused by the specified UE in-band emission levels in an otherwise ideal network scenario for UTDOA positioning. Based on the results it is concluded that the positioning accuracy of NPRACH based UTDOA cannot be confirmed.
2 Background

The Release 13 specifications support configuration of up to three NPRACH resources each typically associated with a coverage range and a set of NPRACH repetitions. Two NRSRP thresholds should be configured to support the three NPRACH resources. A device is required to estimate the DL coupling loss based on the known eNB output power and the received NRS signal strength. When attempting an access, the device selects the targeted NPRACH resource based on the measured NRSRP in relation to the broadcasted NPRACH NRSRP thresholds.

An expected configuration is that three NPRACH resources are configured for the coverage ranges of 154 to 164 dB, 144 to 154 dB and less than 144 dB. They could be associated with repetition levels of 32, 8 and 2 repetitions, respectively.  If we assume a standalone scenario with eNB output power of 43 dBm, or 32 dBm per 15 kHz, the two broadcasted NPRACH NRSRP thresholds would be set to 32 – 154 = -122 dBm and 32 – 144 = -112 dBm. 
The first NPRACH resource associated with the lowest repetition level requires the UE to adopt an open loop power control targeting a in the NB-SIB broadcasted received signal power level at the eNB. When accessing the second and third NPRACH resources, typically associated with extended coverage, the UE should use the maximum allowed power. 
Table 1 summarizes the here made examples of possible NPRACH configurations.

Table 1 Example configuration of NPRACH resources.

	Coverage
	Coupling loss
	Repetitions
	NRSRP thresholds
	Power Cntrl

	Normal
	        <144 dB
	2
	
	Open loop

	Extended
	144 – 154 dB
	8
	-112
	No

	Extreme
	154 – 164 dB
	32
	-122
	No


NB-IoT Release 13 also supports the so called NPDCCH ordered random access procedure where the eNB demands a UE to perform an access attempt on a certain, and therefore dedicated, starting preamble in one of the configured NPRACH resources. In the following sections it is assumed that the NPDCCH ordered random access procedure is used to perform UTDOA based positioning. 
3 Discussion
To investigate NPRACH based UTDOA, the system simulator [5] was configured in accordance with the agreed assumptions in [3], with the exception that a user distribution with 20% outdoor users and 80% indoor users was assumed. A perfectly coordinated network was assumed where only the UEs in a single cell are active at any given moment. This eliminates UL inter cell interference. It was also assumed that all sub-carriers in the used NPRACH radio resources were dedicated to the NPDCCH ordered random access procedure. This can be assumed to be ideal circumstances for NPRACH based UTDOA.

Compared to previously performed UTDOA simulations [4] the simulator had been updated to model intra-cell interference taking UE inband emissions into account. The details on the interference model is presented in section 7.2 in R1-1612790, A new system simulator for NB-IoT positioning is described in [5], where it is also shown that the intra-cell interference levels increase with increased access load.

Figure 1 illustrates the achieved NPRACH based UTDOA results under different access loads. The single user scenario is ideal meaning that it is only limited by the device thermal noise. However, already when six devices are positioned using the same NPRACH resource, with orthogonal sub-carriers, a significant impact on performance is seen. When 11 users access the system on the same NPRACH resource roughly a 100% degradation of the horizontal positioning accuracy is seen at the 70th percentile.
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Figure 1 Impact on NPRACH based UTDOA accuracy from modelling of different levels of access load causing intra-cell interference. 
The impact on performance caused by the inband emission levels increasing with the access load can partly be explained by reduced hearability in the UL. Figure 2 presents the number of eNBs taking part in any given positioning attempt for the studied access loads.

Here it should be noted that any UE to eNB link that has a SINR below -5.7 dB at 3.75 kHz, which corresponds to 164 dB MCL at a eNB NF of 3 dB and UE output power of 23 dBm is considered to be out of service.
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Figure 2 Distribution of number of eNBs taking part in a positioning attempt for different level of access loads.

Based on these results we make the following observations, and proposal:
Observation 1: The positioning accuracy of NPRACH-based UTDOA is strongly dependent on the access load
Observation 2: The interference due to several UEs accessing an eNB to performing positioning, reduces the likelihood of successful positioning.
Proposal: RAN1 agrees to not confirm the positioning accuracy of NPRACH based UTDOA.
4 Conclusions and Proposals
This paper has presented NPRACH based UTDOA performance in a close to ideal scenario where only thermal noise and UE inband emission levels are assumed to limit NPRACH based UTDOA positioning accuracy. Despite the ideal assumptions it is observed that already at a load of 11 access attempts per NPRACH resource a 100% performance degradation is seen at the 70th percentile. It should be emphasized that only 11 out of 48 available NPRACH sub-carriers, in one cell in the entire simulated NW, are utilized in this case. So this corresponds to a cell load only of 23%. On NW level the load becomes even smaller since only the UEs in a single cell are active at any given moment.
Based on these observations it’s our view that it is confirmed that RAN 1 cannot confirm the accuracy of NPRACH based UTDOA.

Proposal: RAN1 agrees to not confirm the positioning accuracy of NPRACH based UTDOA.
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