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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.
This contribution highlights a few aspects that the sourcing company believes needs to be taken into account if RAN1 is to take a closer look at the feasibility of supporting UTDOA based on the NPRACH.
2 Discussion
TS 36.101 v14.0.0 specifies in the section 6.5.2F.3 in-band emission levels for category NB1 UEs as “the ratio of the UE output power in a non–allocated tone to the UE output power in an allocated tone”. The minimum requirements are found in table 6.5.2F.3-1, where NOTE 1 reveals that the most stringent requirement is an emission level of Ptone - 30 dB in each non-allocated tone. Ptone corresponds to the power transmitted in the allocated tone(s), of 3.75 or 15 kHz sub-carrier spacing.
The consequence of this specification is that if the power imbalance between any two NPRACHes simultaneously arriving at the eNB receiver is 30 dB, or above, then the weaker NPRACH will be below the in-band emission level of the stronger NPRACH. This is illustrated in below Figure 1, where a NPRACH Preamble 2 is below the noise floor injected into the eNB receiver by a NPRACH Preamble 1. It should be noted that the below illustration is equally applicable to the NPUSCH, which follows the same in-band emission requirements and is allowed to be multiplexed with the NPRACH on different sub-carriers.
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Figure 1 Illustration of NB1 UE in-band emission requirement.
The above illustrated problem appears in so called “near-far” scenarios where a UE close to the serving eNB and a UE at the cell edge makes simultaneous access attempts. In the NB-IoT Release 13 specifications separate NPRACH resources for different coverage levels, NPRACH and NPUSCH open loop power controls and the above illustrated in-band emission requirements are implemented to handle this scenario.

These measures were however only designed to handle UEs accessing from within the same cell. With NPRACH based UTDOA the near-far problem will become more pronounced as UEs may access from distant locations (neighboring cells) leading to very high power imbalances. The UEs are also expected to use high output power and long transmission times, i.e. large number of repetitions, which will further accelerate this issue.
To quantify the here introduced near-far problem the coupling loss of all devices accessing a certain eNB was logged during a NPRACH UTDOA simulation. Two scenarios were simulated, a first where all devices are indoor, and a second more realistic where an even spread between indoor and outdoor devices was assumed. In the all indoor scenario a range of coupling losses between 164 dB and 100 dB, and in the mixed scenario a range between 164 dB and 80 dB were recorded as shown in the below figure. This illustrates the importance of taking the near-far problem into account when considering NPRACH UTDOA performance.
It should be noted that all UE to eNB links exceeding 164 dB coupling loss was excluded from the logging when creating the statistics for the below figure. This since 164 dB constitutes the agreed maximum coupling loss supported by NB-IoT in Release 13.
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Figure 2 Coupling loss distribution of devices attempting to access the same eNB for the purpose of NPRACH UTDOA positioning.
Before considering NPRACH based UTDOA for the Release 14 specifications it’s our view that RAN1 needs to study the impact on NPRACH based UTDOA positioning performance from the herein described near-far problem.
Proposal: Before considering NPRACH based UTDOA for the Release 14 specifications the herein described near-far problems need to be studied.
3 Conclusions and Proposals
In this contribution we have highlighted the “near-far” problem expected to compromise NPRACH based UTDOA positioning performance. 
The following proposal was made on the way forward:
Proposal: Before considering NPRACH based UTDOA for the Release 14 specifications the herein described near-far problems need to be studied.
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