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1 Introduction

In Release 13, 3GPP developed NB-IoT. This new radio access technology is dedicated to provide connectivity to services and applications demanding qualities such as high system coverage and capacity in combination with low device complexity and power consumption. 

In Release 14, 3GPP is expanding the NB-IoT platform to provide positioning services, as well as support for multicast, and device output power as low as 14 dBm to cater for even lower device complexity [1]. Also incremental improvements such as support for system access on non-anchor carriers and improving the UL and DL throughput are specified.

As part of the Release 14 work in positioning, 3GPP will specify two solutions, namely E-CID and OTDOA. Several contributions have documented the good performance of OTDOA position accuracy, see e.g. [3]. Despite this, discussions on the specification of a third solution, i.e. UTDOA based on the Release 13 NPRACH, is ongoing RAN1. In this contribution we summarize the so far made observations on NPRACH based UTDOA positioning. Based on the observations, we conclude that it is not suitable to specify UTDOA based on the Release 13 NPRACH design.
2 Background
In the approved NB-IoT Release 14 WID the following passage can be found:

· UTDOA positioning is supported under the following conditions:

· It uses an existing NB-IoT transmission

· It can be used by Rel-13 UEs

· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1

· Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification.
Furthermore, 3GPP RAN1#86 concluded that:

· 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.
These conclusions were based on the fact that the Release 13 NPRACH offers the above requested backwards compatibility and at the same time may be used for positioning.  However, whether it is feasible to use Release 13 NPRACH preamble for UTDOA based positioning was left to be studied in RAN1#87 meeting. And in RAN1#87 meeting, no consensus was reached on this matter. 
For NB-IoT three distinct radio resources are specified for system access using the NPRACH. They are intended to provide access opportunities to devices in normal coverage (Coverage Extension level 0), extended coverage (CE level 1) and in extreme coverage (CE level 2), and can e.g. be associated with repetitions levels 4, 16, 64, respectively. Figure 1 illustrates a likely NPRACH configuration. 
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Figure 1 Illustration of realistic NB-IoT NPRACH Release 13 configuration.

In the following sections we summarize the impact from NPRACH based UTDOA on positioning accuracy, system and device complexity and the UE power consumption as requested by TSG RAN. We also discuss the impact on NB-IoT system capacity and overall performance, i.e. the impact on users accessing the system for the purpose of data services.
3 Impact on NB-IoT data services
3.1 Impact on system access performance
A resource can be partitioned to allow devices being positioned and devices accessing the system to share the same NPRACH radio resource. It has so far in RAN1 been assumed that the CE level 2 NPRACH resource is used for positioning since the high number of repetition in combination with the mandated max UE output power optimizes the positioning accuracy. This is illustrated in the below figure.
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Figure 2 Illustration of NPRACH partitioning to support UTDOA.
Although attractive in theory this solution suffers from the well-known near-to-far problem due to the following:
· A UE accessing NPRACH CE2 from extreme coverage will reach the eNB with low power.

· A UE sending a preamble in NPRACH CE2 for positioning may be located anywhere in the cell, including next to the eNB and reach the eNB with high power.

· A device accessing CE level 2 must use full power.

· 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 NPRACH signals 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 3, where a NPRACH Preamble 2 is below the noise floor injected into the eNB receiver by a NPRACH Preamble 1. 
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Figure 3 Illustration of NB1 UE in-band emission requirement.

To quantify the near-far problem, a simulation was performed with the partitioning of Figure 2 configured.  Figure 4 illustrates the impact on NPRACH SINR for NB-IoT Rel-13 UEs in CE level 2 when 0, 5 or 10 NPRACH UTDOA users accesses the system on the CE level 2 NPRACH partition dedicated to UTDOA. The impact on SINR is significant which will lead to degraded access success rate for NB-IoT devices. A consequence of this is that to support NPRACH based UTDOA the entire CE level 2 NPRACH needs to be dedicated to UTDOA.
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Figure 4 NPRACH SINR for NB-IoT Rel-13 UEs experiencing a coupling loss 154 – 164 dB, when 0 (baseline), 5 or 10 NPRACH UTDOA users accesses the system on a NPRACH partition dedicated to UTDOA.
Observation 1: To support NPRACH based UTDOA the entire CE level 2 NPRACH resource needs to be dedicated to UTDOA.

3.2 Impact on system capacity

As explained in the previous section, UTDOA demands a dedicated NPRACH radio resource. It is also expected that 128 repetitions are needed to optimize positioning accuracy (see e.g. [4]). Since UTDOA is a multi-cell access system where several cells should receive a NPRACH preamble transmitted by a single UE it is expected that the NPRACH resource configured for UTDOA will need to be configured with 48 sub-carriers spanning the full NB-IoT resource block.
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Figure 5 Illustration of NPRACH configuration needed to support UTDOA positioning.

128 NPRACH repetitions takes ~0.8 sec. Furthermore, since a NPRACH resource must at least be configured with a periodicity of 2.56 sec, the UTDOA NPRACH resource spanning all 48 sub-carriers will consume 0.8/2.56 = 32%, or more, of all UL resources. This can be compared with a resource usage of 4% if the CE2 configuration in Figure 1 had been used with a periodicity of 2.56 s. 

Furthermore, the second NPRACH (CE1+2 on Figure 5) must be reconfigured to support users both in extended and extreme coverage. In consequence, the number of preambles in that resource needs likely to be increased along with the number of supported repetitions. Moreover, increasing the number of repetitions from 16 to 64 increases the transmission time from 0.1 to 0.4 s. For these devices it is reasonable to allow a system access roughly at least every second (i.e. with a periodicity of 0.64 s) to secure 10 s latency. Going from a configuration requiring 12 sub-carriers for 0.1 s to a configuration requiring 24 sub-carriers for 0.4 s will increase the consumed UL capacity from 4% to 31%.
So comparing the example configurations in Figure 1 with the configuration in  Figure 5 it can be concluded that the resource usage from the two last NPRACH resources increases from ~8% to ~63%. This will significantly reduce the supported UL capacity of the NB-IoT anchor carrier.

Observation 2: The support of NPRACH based UTDOA will significantly reduce the supported UL capacity on the NB-IoT anchor carrier.
3.3 Impact on UE power consumption

The reconfiguration of the NPRACH resource for CE level 1 to cater for devices not only in extended coverage, but also in extreme coverage will have a significant impact on the battery life of the devices on extended coverage.

First of all, the NB-IoT UEs in CE level 1 access the system using 64 instead of 16 NPRACH repetitions in the herein made examples. For a UE in the range 145 to 155 dB coupling loss the power consumption from increasing the NPRACH transmission time from 0.1 to 0.4 s will dominate the total power consumption. It can e.g. be compared with the 48 ms transmission time needed to convey the largest UL TBS of 1000 bits using 16 repetitions to reach 150 dBs coupling loss.
Observation 3: For UEs just in extended coverage (coupling loss 144 - 154 dB) the support of UTDOA will increase the NPRACH transmission time with 400% or more which will have a significant negative impact on the UE battery life.
4 NPRACH based UTDOA performance

4.1 Positioning performance accuracy

The near-far problem does not only negatively impact the system incase partitioning is used as illustrated in Figure 2. Also in the case of a configuration as depicted in Figure 5 there is a negative impact, but now on positioning performance. 
Figure 6 illustrates the achieved NPRACH based UTDOA results under different access loads (see [5] for detailed assumptions). The single user scenario is ideal meaning that the performance 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 degradation 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. Even worse, in 20% of the cases, the horizontal positioning accuracy is 250 meters or worse. Since it is difficult, or impossible, for a system to determine which of any given positioning attempt that delivers this poor performance this will undermine the entire system.
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Figure 6 Impact on NPRACH based UTDOA accuracy from modelling of different levels of access load causing intra-cell interference. 

One can certainly argue that 11 simultaneous users may sound high, but we should remember that UTDOA is dependent on multi-user access where only the UEs in a single cell is allowed to be positioned at any given time. This is network cross-coordination is needed to reduce inter-cell interference, and can be compared to the OTDOA muting concept. Since only the users in a single cell can be active during a given NPRACH resource it is expected that multiple users must be facilitated to deliver a satisfying system capacity.

Observation 4: The UTDOA positioning accuracy is severely undermined due to the negative impact from intra-cell interference. 
4.2 Impact on UE power consumption

As explained in section 3.3 the UE battery life is significantly dependent on the UE transmission time. A UE in good coverage would when accessing the system and transmitting a small data package transmit on the NPRACH and NPUSCH for around 10-20 ms. The same device being positioned using NPRACH based UTDOA will after going to connected mode need to transmit only the NPRACH for around 0.8 s. This increased transmission time will have a negative impact on the UE battery life. 

The absolute impact is however dependent on the required battery life and the periodicity by which a UE needs to be positioned. In [6] it is correctly concluded that for a UE equipped with a 5Wh battery that at most is positioned twice per week then the impact is moderate. 

Observation 5: The long NPRACH transmission time will negatively influence the UE battery life. The absolute level of the impact is dependent on the assumed traffic profile to the UE.
4.3 Impact on system and device complexity

The issues we have raised in this contribution is to a large extent due to the near-far problem described in section 3.1. There are two alternatives that may be exploited to mitigate this situation. The first, and robust solution, is to improve the UE inband emission requirements. This will require UE vendors to update their filter implementations to support steeper attenuation which drives UE complexity. The second alternative is to limit the near-far problem through network coordination. One alternative here is to implement cross-cell coordination to limit inter-cell interference. An ideal version of this solution was utilized in the simulations rendering the results depicted in Figure 6, which clearly are not meeting our expectations on positioning accuracy. To further improve the situation also intra-cell coordination may be considered. RAN1 has so far not discussed how the required inter-cell and intra-cell UTDOA coordination can be realized to support NPRACH based UTDOA. Nor has the complexity of such coordination been discussed.

Observation 6: NPRACH based UTDOA may increase the complexity both in the UE and NW side to mitigate the issues illustrated in this contribution. The extent to which this will improve the situation has so far not been discussed in RAN1.
5 Summary
In this contribution we provide a summary of our observations from the ongoing work in RAN1 on UTDOA:
Observation 1: To support NPRACH based UTDOA the entire CE level 2 NPRACH resource needs to be dedicated to UTDOA.

Observation 2: The support of NPRACH based UTDOA will significantly reduce the supported UL capacity on the NB-IoT anchor carrier.

Observation 3: For UEs just in extended coverage (coupling loss 144 - 154 dB) the support of UTDOA will increase the NPRACH transmission time with 400% or more which will have a significant negative impact on the UE battery life.
Observation 4: The UTDOA positioning accuracy is severely undermined due to the negative impact from intra-cell interference. 
Observation 5: The long NPRACH transmission time will negatively influence the UE battery life. The absolute level of the impact is dependent on the assumed traffic profile to the UE.
Observation 6: NPRACH based UTDOA may increase the complexity both in the UE and NW side to mitigate the issues illustrated in this contribution. The extent to which this will improve the situation has so far not been discussed in RAN1.
Based on these observations, and the fact the Release 14 is already specifying two solutions for positioning, we proposed that RAN decides to discontinue the Release 14 efforts to study UTDOA for NB-IoT. 

Proposal: 3GPP RAN decides to discontinue the Release 14 RAN1 efforts to study UTDOA for NB-IoT.
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