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At RAN#72, a new work item for Narrowband IoT (NB-IoT) enhancement was proposed, see [1]. One important objective is to extend Rel-13 design to support positioning to further increase the market impact. 
· Introduce E-CID core requirements:
· RSRP/RSRQ measurement [RAN4 only]
· UE Rx-Tx time difference measurement [RAN4 only]
· Support of UTDOA or OTDOA:
· Study accuracy, UE complexity, UE power consumption for both UTDOA and OTDOA using NB-IoT and provide recommendation to RAN#73 on which one solution to adopt [RAN1]  
· 3GPP network operators are invited to provide inputs to RAN1#86 on their positioning requirements. Companies are encouraged to include both methods in their evaluations.
· Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73
RAN1 is asked to compare UL and DL based TDOA for NB-IoT and provide a recommendation to RAN#73 on which of these two solutions to adopt for NB-IoT. In this contribution, we discuss UL time difference of arrival (TDOA) based positioning methods and introduce a tailored method for NB-IoT.
General concept of UL TDOA based positioning
The basic concept of UL TDOA is that a positioning server, e.g. an eSMLC, requests the serving eNB to configure the UE with an UL signal. The eNB provides configuration details back to E-SMLC, which distributes the information to a set of Location Measurement Units, LMUs (logical node which may be implemented in an eNB or deployed as a standalone unit). When the UL signal has been transmitted, TOA is estimated at the LMUs and reported to the E-SLMC where the UE position is estimated. For LTE the feature Uplink Time Difference Of Arrival (UTDOA), that was introduced in Release 11, uses the Sounding Reference Signal (SRS) as reference signal. 
For detailed description of UTDOA TS 36.305, Stage 2 functional specification of User Equipment (UE) positioning in E-UTRAN serves as a good starting point [4]. 
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To enable UL TDOA for NB-IoT a new reference signal needs to be defined. In LTE, the reference signal is as mentioned the sounding reference signal (SRS), which is not available in NB-IoT. To limit the impact on the NB-IoT design, it is desirable to start examining the existing signals in Release 13, e.g., a NPRACH-like signal, which facilitates TOA estimation by the eNB with sufficient accuracy. A NPRACH like signal can also be used to uniquely identify the UE and thereby minimize the message transfer associated with a positioning attempt. This contribution is therefore centred around UL TDOA based on a NPRACH-like reference signal. 
The following procedure is anticipated to support UL TDOA for NB-IoT:
· A positioning server triggers a positioning attempt and commands a UE to transmit the reference signal. 
· In each eNB intended to take part in the positioning attempt a dedicated radio resource is configured for the reception of the reference signal. The resource needs to be overlapping and synchronized in time and frequency across the involved eNBs. The list of eNBs receiving the reference signal is transparent to the UE.
· The UE transmits a single reference signal which in its simplest form uses a high number of repetitions and full power to secure that the signal is received by a multitude of eNBs.
This approach requires tight coordination of radio resource across eNBs to facilitate UL TDOA positioning and may expose the serving eNB to high signal levels and the well-known near far problem. It is however efficient in terms of radio resource usage since the reference signal is sent a single time. The single transmission of the reference signal is also expected to have small impact on the UE power consumption. This approach has been followed in the initial simulation campaign presented in section 4.
The eNBs taking part in a positioning attempt can as described in [2] be based on the geographical position of the eNBs, i.e. based on geometry, or based on signal level or a combination thereof.
It should be noted that depending on the requirements and achievable performance with the existing signals in Release 13, further study on optimized UL reference signal for positioning may be carried out. 
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To estimate the accuracy of the UL TDOA solution the novel simulator described in [2] was used to run a set of simulations. The simulator was configured in accordance with the assumptions described in [3] and Table 1 highlights a few selected assumptions of importance.
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	Assumption
	Comments

	TOA error model
	Based on NPRACH, see [2] for details.

	Propagation condition
	TU 1Hz, EPA 1Hz


	Max number of eNBs per positioning attempt
	5, 10, 15, 20

	Minimum number of eNBs required in a positioning attempt
	4

	Mechanism to select eNBs in a positioning attempt
	eNBs based on signal strength (SS).
eNBs based on geometry (geographical location relative serving cell)

	eNB output power
	43 dBm (standalone mode of operation)
Note: The NPRACH TOA error model is independent of DL SINR, so the results presented applies equally well to inband and guardband operation.

	UE output power
	23 dBm

	UE mobility
	0 km/h

	NW synchronization
	Yes (Assumed to be perfect)

	Frequency reuse
	1/1 reuse required



Parts of the results recorded from the simulations are presented in Figure 1. The figure further shows that a positioning accuracy of about 85 to 100 meters may be achieved at the 67th percentile by UL TDOA based on the NPRACH-like reference signal if up to 10 eNBs are involved in the positioning attempt and the propagation conditions corresponds to the EPA channel model. With a TU type of environment the accuracy is reduced to around 150 meters at the 67th percentile. 
It can also be noted that when up to 10 eNBs are involved in the positioning attempt the signal strength (SS) selection of eNBs performs slightly better than the geometry based selection.
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Results taking up to 20 eNBs into consideration are summarized in the below two tables where the horizontal accuracy achievable at the 67th and 95th percentile are presented. 
It should be observed that the results achievable are dependent on the maximum number of eNBs involved in the positioning procedure of a UE. When only 5 eNBs are considered the eNB selection mechanism based on geometry is slightly more robust than the signal strength based selection.
Table 2 Horizontal accuracy achievable at the 67th and 95th percentile for EPA propagation.
	Max number of eNBs
	Accuracy at 67th and 95th percentile [m]

	
	SS based eNB selection
	Geometry based eNB selection

	5 eNBs
	124 / 1257
	133 / 813

	10 eNBs
	88 / 269
	99 / 192

	15 eNBs
	83 / 295
	95 / 296

	20eNBs
	81 / 197
	90 / 198


Table 3 Horizontal accuracy achievable at the 67th and 95th percentile for TU propagation.
	Max number of eNBs
	Accuracy at 67th and 95th percentile [m]

	
	SS based eNB selection
	Geometry based eNB selection

	5 eNBs
	227 / 1379
	197 / 902

	10 eNBs
	149 / 381
	153 / 370

	15 eNBs
	139 / 374
	143 / 374

	20eNBs
	129 / 304
	130 / 290



Of interest is also the likelihood that an eNB cannot estimate the TOA from four or more cells, which is needed to complete the presented UL TDOA procedure. In the above investigated network setup the likelihood of an eNB not being able to measure four or more cells, due to a coupling loss exceeding 164 dB, was recorded to 2.5%. 
Analysis of UL TDOA
Most of the tasks and complexity involved in the NB-IoT UL TDOA procedure elaborated upon in this contribution are located at the network side. The impact on the UE implementation is minimal. The only task on the UE side is to receive the UL signal configuration and to transmit the UL signal. This imposes minimal computational effort at the UE and helps achieve ultra-low cost of NB-IoT UEs. Further, compared to DL TDOA, better time of arrival estimates may be obtained at the eNBs since it is possible to use more advanced signal detection algorithms at the eNBs.   
Observation 1: UL TDOA corresponds to a minimal computational effort in the UE
Observation 2: UL TOA estimation in the eNB can take advantage of advanced signal detection algorithms.
Since the serving eNB that initiates the positioning procedure does not possess any information concerning the radio link between the UE and neighbouring eNBs it has in this contribution been assumed that the UE needs to use 32 repetitions and full output power to maximize the likelihood of successful positioning. This may increase UE power consumption. It may also create near-far problems at the eNB, so the configuration of the UE radio resource usage needs to be further studied before the feasibility of UL TDOA as presented in this paper can be determined.
Observation 3: Interference aspects can be critical for UL TDOA performance.
For the reception of the reference signal a common, and in time and frequency synchronized, radio resource needs to be configured in all cells taking part in a positioning attempt. This is expected to require a standardization effort in RAN2/3. This also implies that one NB-IoT carrier needs to be reused in all cells and that common radio NPRACH resource is configured on that NB-IoT carrier, may it be an anchor or non-anchor carrier. The configuration of this common radio resource needs further consideration in coming meetings. 
Observation 4: There is a need for a significant standardization effort in RAN2/3 to introduce UL TDOA for NB-IoT.
In order to achieve a good accuracy by UL TDOA, the network needs to be time synchronized or at least have a common and controlled reference time. This may however not be the case for NB-IoT standalone deployment, where a GSM re-farming scenario is targeted. This may also not be the case for inband/guardband operation, since for typical FDD LTE networks synchronization is not a requirement. 
Observation 5: UL TDOA requires network synchronization or at least estimated synchronization offsets.
To allow positioning via a single NPRACH attempt a unique NPRACH preamble needs to be assigned to a UE. This preamble will allow each involved eNB to identify the UE. More discussion on the configuration and assignment of the preamble to facilitate this optimized contention resolution procedure is needed. There may also be a scalability challenge given the limited number of available NPRACH preambles. 
Observation 6: UL TDOA scalability may be restricted by the number of UL signal sequences and resources, and UL signal assignment coordination can be challenging.
Conclusions
In this contribution, we have discussed a tailored method for the positioning of NB-IoT. The method is based on UL TDOA and reuses the Release 13 NPRACH signal to facilitate the needed TOA estimation at the network side. The performance presented is promising and motivates further study of the feasibility to introduce an UL TDOA based positioning solution for NB-IoT in the Release 14 specifications. Going forward special attention is needed on the feasibility to support this solution from the network side and e.g. control expected near-far related problems, and to detail the procedures needed to configure a common NPRACH radio resource on multiple eNBs taking part in the positioning procedure.
In addition to the above summary the following observations were made in the contribution:
Observation 1: UL TDOA corresponds to a minimal computational effort in the UE
[bookmark: _GoBack]Observation 2: UL TOA estimation in the eNB can take advantage of advanced signal detection algorithms.
Observation 3: Interference aspects can be critical for UL TDOA performance.
Observation 4: There is a need for a significant standardization effort in RAN2/3 to introduce UL TDOA for NB-IoT.
Observation 5: UL TDOA requires network synchronization or at least estimated synchronization offsets.
Observation 6: UL TDOA scalability may be restricted by the number of UL signal sequences and resources, and UL signal assignment coordination can be challenging.
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