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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 clarified before RAN1 is to take a closer look at the feasibility of supporting UTDOA based on the NPRACH.
2 Background

The Release 13 specifications supports 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 164 to 154 dB, 154 to 144 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 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


Finally, the reader should know that NB-IoT in release 13 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.
3 Discussion
3.1 UTDOA NPRACH impact on NB-IoT intra-cell interference levels
The NPRACH configuration described in section 2 assumes that the NPRACH resources are configured to support single cell access attempts. In the case of NPRACH based UTDOA the configurations should be dimensioned to support multi-cell access where near and far eNBs should be able to receive a NRACH preamble. A straightforward design choice is however to prioritize data traffic and use the configuration exemplified in table 1 optimized for single cell access also for the purpose of positioning. UEs to be positioned would then need to be ordered to use the third NPRACH resource with 32 repetitions to maximize the number of neighboring eNBs able to pick up the access attempt. These UEs could be anywhere in the serving cell and the serving eNB would experience their NPRACHes with high received power, while the received power for all other UEs in extreme coverage following the regular Random Access procedure would reach the eNB at a signal level of -122 dBm or below (according to the example in table 1). This will expose the regular Random Access preambles for high in-band emission levels as elaborated upon in [3]. Since a NPRACH resource may be configured in parallel with NPUSCH resources also the NPUSCH will be exposed to the inband emission from the UTDOA NPRACH. In short UTDOA NPRACH may be seen as an aggressor, while regular NPRACH and NPUSH are victims.
Observation 1: Allowing UTDOA NPRACH attempts on the NPRACH resources configured for extended and extreme coverage will expose regular NPRACH and NPUSCH to high in-band emission levels.
3.2 NPRACH UTDOA impact on NB-IoT inter-cell interference, latency, capacity and UE battery life
To mitigate the intra-cell interference problem an obvious choice is to optimize the NPRACH resource configuration towards UTDOA. In the extreme case this would correspond to configure a single NPRACH resource that would be power controlled. The UE open loop power control would handle the issue in observation 1, but it would also reduce the ability of neighboring eNBs to receive an ordered NPRACH. To compensate for this a large number of repetitions can be used for this single NPRACH resource. It was e.g. proposed at RAN1#86 to use 128 repetitions for the purpose of positioning.

A single NPRACH resource configured with a large number of repetitions would however have implications to all UEs when attempting regular random access. Also they need to use this high number of repetitions which will drain their battery as well as waste capacity and increase interference levels in the network. Since e.g. 128 repetitions take ~1 sec, the NPRACH resource needs also to be configured sparsely in time not to impact NPUSCH capacity. This will however impact the latency of all UEs in the system.
Observation 1: Optimizing NPRACH configuration for positioning to reduce intra-cell interference may have a negative impact on inter-cell interference, latency, capacity and UE battery life.
4 Conclusions and Proposals
In this contribution we have highlighted the potential impact on NB-IoT from NPRACH based UTDOA. Aspects such as increased inter- and intra-cell interference, increased latency, reduced UE battery life and reduced system capacity was highlighted. Two observations were made to summarize these aspects:
Observation 1: Allowing UTDOA NPRACH attempts on the NPRACH resources configured for extended and extreme coverage will expose regular NPRACH and NPUSCH to high in-band emission levels.
Observation 1: Optimizing NPRACH configuration for positioning to reduce intra-cell interference may have a negative impact on inter-cell interference, latency, capacity and UE battery life.
Before RAN1 can consider to introduce NPRACH based UTDOA in the Release 14 specifications it is our view that the impact on NB-IoT is studied.

Proposal: Before considering introducing NPRACH UTDOA in the Release 14 specifications RAN1 should study the negative impacts on NB-IoT from NPRACH UTDOA and means to mitigate the same.
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