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In RAN1#86bis, consensus on signal for NB-IoT UTDOA was reached as follows [1]:
Conclusions:
· 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.

In this contribution, we further identify scenarios showing feasibility of UTDOA based on Rel-13 NPRACH preamble. As per the WID guidance [2], positioning accuracy, UE power consumption and complexity for positioning are summarized from our companion papers [7], [8].
Discussion 
1.1 Summary of Rel-13 NPRACH
To identify feasible scenarios supporting Rel-13 NPRACH preamble based UTDOA for NB-IoT, firstly we discuss potential issues and address some NPRACH characteristics specified in Release 13 related to the purpose of positioning.
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Figure 1: Illustration of multi-cell receiver based on NPRACH preamble for UTDOA
In existing E-UTRAN positioning architecture, UE is assumed to be already in RRC-connected state before receiving a location service request from the network [3]. For those NB-IoT RRC-connected UEs subject to a location service request, NPRACH preamble can be transmitted on an assigned sub-carrier index explicitly signaled by NPDCCH order, regardless of its real measured coverage level [4][5]. This is helpful for UTDOA in terms of positioning latency reduction and positioning power consumption, by giving the possibility to order transmitting NPRACH with a higher number of repetitions than would be implied by NRSRP on its serving cell to ensure hearability in other cells.
Considering the NPRACH resource configuration, if more than one coverage level is configured in the cell, UE will transmit at maximum power on those resources not restricted to the lowest coverage level in the cell [5]. 

Observation 1: The following characteristics of Rel-13 NPRACH preamble transmission are beneficial for UTDOA:
· NPRACH transmission can be ordered by NPDCCH for UTDOA.
· NPDCCH ordered NPRACH preamble is transmitted on an explicitly signaled sub-carrier index and coverage level, regardless of UE’s measured coverage level in its serving cell.
· UE transmits at maximum power on configured NPRACH resources other than the lowest configured in the cell.

Although NB-IoT already supports multi-carrier operation, NPRACH preamble is still only permitted to transmitting on anchor carrier for Rel-13 UEs. This should be taken into consideration per WID guidance as UTDOA can be used by Rel-13 UEs [5]. However, for Rel-14 UEs, NPRACH can also be ordered on a non-anchor carrier according to network preference.

1.2 Feasible scenario example for Rel-13 UEs supporting UTDOA 
Since Rel-13 NPRACH preamble is concluded as the best candidate and can be used as a signal for NB-IoT UTDOA, here our aim is to identify feasible scenario examples operated within the scope of all release 13, including higher layer aspects. 
[bookmark: _GoBack]Positioning calculation is based on uplink time-of-arrival estimation. In general, the performance of timing estimation can be improved by accumulate positioning signals for detection [6]. Similarly, it is expected that more repetitions of NPRACH preamble are beneficial for UTDOA performance. However, within one cell, up to 3 different numbers of repetitions can be configured corresponding to 3 different coverage levels numbered from 0 in increasing order of number of repetitions. As discussed above, when a positioning UE located in its serving cell’s lower coverage level with lower repetitions, it is possible for the UE to transmit NPRACH preamble on higher coverage level with larger repetition by NPDCCH order. The potential issue here is that if a UE in coverage level 0 is ordered to transmit at maximum power as UE behavior in other coverage level, it may suppress some other non-positioning transmission in the same serving cell depending on its coupling loss to eNB, due to in-band emission. To handle this, the following principles can be considered as an option:
· Try to provide a dedicated NPRACH resource for positioning signal transmission, which occupies a full 180 kHz bandwidth to avoid interfering other NPUSCH transmission.
· Avoid other NPRACH preamble, not for positioning, being often present in the resource.
Actually, we can describe such a type of NPRACH resource simply through combination of NPRACH parameter configurations. For example, configure three coverage levels with repetition number of 4, 32 and 128 respectively. Meanwhile, configure two values of RSRP-threshold, first one is corresponding to MCL 144 dB and for UE to select coverage level 0 and level 1, the other is set to allowable minimum figure (i.e. -140dBm) specified in RRC signaling information element. By such configuration, it can be expected almost all of UE will select the first NPRACH resource with 4 repetitions or the second NPRACH resource with 32 repetitions to perform initial random access, because if UE measured NRSRP lower than -140dBm this cell is rarely suitable for camp. Then, for the purpose of positioning, network can order NPRACH preamble transmission on the third resource with 128 repetitions. In the case there are still UEs possibly selecting the third NPRACH resource due to camping on the cell below -140 dBm in large enough numbers to cause unacceptable collisions, the network can configure only one value of RSRP-threshold corresponding to MCL 144dB while still configuring NPRACH resources of three different coverage levels. In this situation, resource of coverage level 3 will not be selected for those UE attempt to random access the network. These scenarios are shown in Figure 2. Note that they are not unique configurations and others can also be readily found to support UTDOA appropriately. 
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Observation 2: A dedicated NPRACH resource for positioning signal transmission can be configured to support UTDOA within Rel-13 RAN1/RAN2 specifications.
Regarding network coordination between cells, we think same frequency-time resource for positioning can be reused for different cells targeting potential benefits. It gives the chance to facilitate schemes for UTDOA to improve hearability of positioning signal and leads to reduced repetitions or better accuracy. For this case, different neighbor cells can have different preamble random hopping pattern between repetitions. Thus, the collision of preamble symbols between cells has low probability, so performance degradation is small since the total repetition number can be large. However, note that our evaluations in [7] fully account for inter-cell interference in UTDOA.
Observation 3: Network coordination can improve hearability and accuracy of NPRACH for UTDOA.
Observation 4: Feasible scenarios for UTDOA can be identified by combination of NPRACH resource configurations and network coordination.
1.3 Accuracy, UE power consumption, and complexity 
For UTDOA, here we summarize of observations on accuracy, UE power consumption and complexity by our study under agreed simulation assumptions, detail evaluations can be found in other contributions [7][8]. Some proposals are given accordingly as well.
Observation 5: For indoor scenario with EPA 1 Hz, uplink positioning based on NPRACH achieves 17.3 m, 48.9 m and 72.7 m horizontal accuracy@67% corresponding to uplink system loads of 10%, 50% and 100% respectively.
Observation 6: For outdoor scenario with EPA 2.5Hz, uplink positioning based on NPRACH achieves 12.1 m, 48.3 m, 59.9 m and 74.5 m horizontal accuracy@67% corresponding to uplink system loads of 10%, 40%, 50% and 100% respectively.
Observation 7: For outdoor scenario, positioning accuracy is expected to be similar between Doppler 2.5 Hz and 25 Hz.
Observation 8: UTDOA positioning using Rel-13 NPRACH adds no complexity to the UE of Rel-13 or Rel-14.
Observation 9: The battery life of a UE using NPRACH for UTDOA is not reduced substantially from 10 years, regardless of operation mode and MCL.

Summary
Overall, we propose to conclude the RAN1 verification of NPRACH for UTDOA as follows:
Proposal 1: RAN1 confirms it has completed the identification of scenarios where UTDOA by NPRACH is feasible, based on appropriate NPRACH resource configurations.
Proposal 2: RAN1 confirms that positioning accuracy of UTDOA using Rel-13 NPRACH preamble is acceptable, especially for early deployments. Further improvement by network coordination can be expected.
Proposal 3: RAN1 confirms that using Rel-13 NPRACH preamble adds no complexity to the UE to support UTDOA.
Proposal 4: RAN1 confirms that using Rel-13 NPRACH preamble for UTDOA does not reduce battery life substantially.

Conclusion
This paper shows how to identify feasible scenarios of network deployment which are good for UTDOA based on Rel-13 NPRACH. We also summarize our observations from other papers on accuracy, power consumption, and complexity. We propose to conclude the RAN1 verification of NPRACH for UTDOA as follows:
Proposal 1: RAN1 confirms it has completed the identification of scenarios where UTDOA by NPRACH is feasible, based on appropriate NPRACH resource configurations.
Proposal 2: RAN1 confirms positioning accuracy of UTDOA using Rel-13 NPRACH preamble is acceptable especially for early deployments. Further improvement by network coordination can be expected.
Proposal 3: RAN1 confirms that using Rel-13 NPRACH preamble adds no complexity to the UE to support UTDOA.
Proposal 4: RAN1 confirms that using Rel-13 NPRACH preamble for UTDOA does not reduce the battery life of a UE substantially.

Observation 1: The following characteristics of Rel-13 NPRACH preamble transmission are beneficial for UTDOA:
· NPRACH transmission can be ordered by NPDCCH for UTDOA.
· NPDCCH ordered NPRACH preamble is transmitted on an explicitly signaled sub-carrier index and coverage level, regardless of UE’s measured coverage level in its serving cell.
· UE transmits at maximum power on configured NPRACH resources other than the lowest configured in the cell.

Observation 2: A dedicated NPRACH resource for positioning signal transmission can be configured to support UTDOA within Rel-13 RAN1/RAN2 specifications.
Observation 3: Network coordination can improve hearability and accuracy of NPRACH for UTDOA.
Observation 4: Feasible scenarios for UTDOA can be identified by combination of NPRACH resource configurations and network coordination.
Observation 5: For indoor scenario with EPA 1 Hz, uplink positioning based on NPRACH achieves 17.3 m, 48.9 m and 72.7 m horizontal accuracy@67% corresponding to uplink system loads of 10%, 50% and 100% respectively.
Observation 6: For outdoor scenario with EPA 2.5Hz, uplink positioning based on NPRACH achieves 12.1 m, 48.3 m, 59.9 m and 74.5 m horizontal accuracy@67% corresponding to uplink system loads of 10%, 40%, 50% and 100% respectively.
Observation 7: For outdoor scenario, positioning accuracy is expected to be similar between Doppler 
2.5 Hz and 25 Hz.
Observation 8: UTDOA positioning using Rel-13 NPRACH adds no complexity to the UE of Rel-13 or Rel-14.
Observation 9: The battery life of a UE using NPRACH for UTDOA is not reduced substantially from 10 years, regardless of operation mode and MCL.
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