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1 Introduction

An updated work item description has been sent to RAN#73 for approval [1]. It contains a proposal to introduce support for UTDOA positioning based on Release 13 NPRACH specifications. The proposal is motivated in the contribution “On NB-IoT positioning” [2] sourced Huawei/HiSilicon where it is claimed that “UTDOA based on NPDCCH ordered Rel-13 NPRACH has no impact to RAN1 and RAN2. The standard impact is RAN3 work to extend LPPa and SLmAP specifications, and RAN4 performance requirements”.
This contribution highlights a few aspects of the Release 13 specifications that does not align well with the above conclusion that RAN1 and RAN4 are not impacted by the introduction of NPRACH based UTDOA in Release 14.
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 expect to use high output power and long transmission times, i.e. large number of repetitions, which will further accelerate this issue.
So to support NPRACH based UTDOA it is likely that 3GPP needs to introduce a new NB-IoT UE category supporting significantly more stringent in-band emission requirements. 

Observation 1: NPRACH based UTDOA requires RAN4 to review and tighten the Category NB1 UE in-band emission core requirements.

It is also likely that new NPRACH resource configurations are necessary where the full resource block bandwidth of 180 kHz is reserved to avoid NPUSCH in-band emissions from Category NB1 UEs.  The Release 13 NPRACH power control must also be reconsidered, and to take into account that UTDOA is for multi-cell access and not only access in the serving cell.

Observation 2: NPRACH based UTDOA requires RAN1/2 to review and redesign the Release 13 NPRACH resource configurations and procedures including the thereto associated open loop power control.

In addition to the above RAN1 also needs to specify the NPRACH based UE measurements to serve UTDOA positioning. These are currently missing in the Release 13 specifications.

3 Conclusions and Proposals
In this contribution we have reviewed the NB-IoT Release 13 in-band emission requirements and made the following observations: 
Observation 1: NPRACH based UTDOA requires RAN4 to review and tighten the Category NB1 UE in-band emission core requirements.
Observation 2: NPRACH based UTDOA requires RAN1/2 to review and redesign the Release 13 NPRACH resource configurations and procedures including the thereto associated open loop power control.

Tightening the RAN4 UE in-band emission core requirements is expected to increase the UE complexity and cost, which stands in clear contradiction to the NB-IoT design philosophy. Introducing a new UE power control to limit the near-far problem expected in UTDOA is a delicate task, expected to require a substantial effort in RAN1 and RAN2. Based on these observations it is proposed to discontinue the efforts to specify UTDOA for NB-IoT in Release 14 and instead focus on OTDOA.
Proposal: Adopt OTDOA for NB-IoT positioning in Rel-14.
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