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One of the objectives of the Rel. 14 NB-IoT enhancements work item is to improve the positioning support based on OTDOA [1].
· OTDOA is supported
· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB
· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact

In RAN1#86bis, many agreements have been made on OTDOA: 

· NB-IoT positioning reference signal resource pattern in one subframe is at least LTE PRS in 1 PRB 
· FFS: With additional REs in guard-band and standalone operation modes
· FFS: Increased density per cell according to coverage
· NB-IoT PRS do not occur in a subframe containing NPDCCH, NPDSCH, NPBCH or NPSS/NSSS.
· LS sent to RAN4 on PSD boosting of NPRS symbols.
· Configuration of time resources for NPRS
· Indication of exact subframes is by
· Part A: A bitmap on subframes which are not NB-IoT DL subframes (i.e. invalid DL subframes)
· Bitmap is a fixed length of 10 bits, is the same length as valid subframe configuration, i.e. 10 bits or 40 bits, or is a fixed length of x bits (e.g., x = 20). FFS which until RAN1#87
· Part B: Indicated with one start subframe, one periodicity, and one number of repetitions for the occasions 
· On an anchor carrier, Part A and/or Part B
· On a non-anchor carrier, Part A and/or Part B
· Indication of NPRS muting patterns is
· Alt. 2: Indicated with a periodic NPRS muting sequence. Details are FFS.


While these agreements mainly focus on the PRS/NPRS configuration and patterns to provide proper positioning capability for NB-IoT, we believe there is a need to enhance the OTDOA signaling and architecture for these devices. Hence, while in this contribution we acknowledge the advantage of OTDOA in maintaining the current signaling and architecture as legacy, some proposals are presented to refine them for better applicability for NB-IoT.   
Discussion
One advantage in considering the OTDOA method as the positioning method candidate for NB-IoT UEs would be to keep the legacy signaling framework procedure for these devices as it was for legacy LTE UEs. Providing OTDOA network assistance information is useful for NB-IoT devices considering the limited capability and power consumption that these devices have. Therefore, it is well justified to keep this signaling for these devices. However, the content of the signaling should be different and tailored to the capabilities and requirements of the NB-IoT UEs. Also, we should minimize the size of these signalings to make it scalable to NB-IoT limited capabilities. Below, we would like to explore the appropriate network assistance information which can be relevant and helpful in providing a better positioning performance for the NB-IoT UEs, while leaving the details to be studied in RAN2.
UE capabilities
NB-IoT UEs are expected to be low cost and some minimum requirements such as the sampling rate, bandwidth, supported coverage levels, etc. may already be known to the network. Therefore, it is power efficient to omit or limit the NB-IoT UE to signal its capability to the location server. 
One option which can be assumed is that in case the NB-IoT UE has some advanced capability in terms of for example “higher sampling rate” from the standard NB-IoT, the UE can inform the location server in terms of this capability to receive more tailored assistance information from the network according to the specified UE capability. 
Another parameter can be the capability of supporting the inter-frequency measurement by the device, this would be also required for the network in providing assistance neighbor cell information, etc.
While there may exist more of such parameters, that can be useful for the network to know about the UE, NB-IoT should require minimum amount of OTDOA signaling for positioning estimation. 

Observation 1: NB-IoT should require minimum amount of OTDOA signaling for positioning estimation.
Proposal 1: UE capability request from the location server and the response from the UE can be skipped for NB-IoT. 
Proposal 2: Send LS to RAN2 and ask about how the inter-frequency measurements can be supported for NB-IoT UEs.

Network OTDOA assistance
The location server (i.e. E-SMLC) should provide the NB-IoT UE with a list of potential reference cell and neighbor cells to be used for RSTD measurements. For each of these lists, the E-SMLC provides a set of information including the physical cell ID, the global cell ID and the PRS info, etc. Another information is the expected RSTD measurement and the expected RSTD uncertainty measurement, which can be useful at the UE side. One parameter which is important to be considered here is that NB-IoT UEs should aggregate the downlink reference signal (e.g. PRS) for several/many occasions (repetitions), to achieve an acceptable positioning estimation. Since this would impact the response time, it is important that the network assist the UE for an optimum performance in terms of the response time. This assistance intends to minimize the complexity and power consumption at the UE side.
In the legacy procedure [3], the UE shall report 15 RSTDs assuming that the SINR is above a given threshold. To further assist the NB-IoT UEs, and to avoid unnecessary measurement at the UE, the location server can provide the UE with the option that if N RSTDs with quality X have been measured, then the UE is allowed to report the RSTD measurement, and do not continue with further measurements. N & X can be configured as measurement instruction. According to the simulation results presented in [4], it is sufficient to have 10 RSTDs with SINR above a given threshold. On the other hand, if there are 4 cells with high SINR, it is still possible to have a position estimation for the UE. 
The RSTD quality is reported according to some error values and resolution error in terms of “meters”. These errors are expected to be calculated based on the SINR. Hence, the NB-IoT UE should be capable of terminating the RSTD measurement if sufficient number of high quality RSTD measurements are performed.
Observation 2: To avoid unnecessary measurements at the UE, the location server can provide the NB-IoT UE with more conditional time of response, and number of required RSTD measurements.
Proposal 3: The location server can provide the UE with the option that if N RSTDs with quality X have been measured, then the UE is allowed to report the RSTD measurements, and do not continue with further measurements.
RSTD measurements by the NB-IoT UE
The NB-IoT UE performs RSTD measurements based on the assisted information sent by the E-SMLC. The UE should report both the RSTD and RSTD quality to the E-SMLC. The RSTD quality is according to the estimated RSTD measurement sent by the location server. In case, the UE has terminated the RSTD measurement procedure according to one of the conditional termination criteria sent by the network as the assisted data, the NB-IoT can optionally report the condition used together with the RSTD measurements. 
Proposal 4: The NB-IoT UE shall optionally report the network if some termination condition has been reached for RSTD measurement reporting while sending the RSTD measurements and their qualities.  

Conclusions
In this contribution, we presented some basic consideration on OTDOA signalling to support NB-IoT UEs, and below is the list of proposals.
Observation 1: NB-IoT should require minimum amount of OTDOA signaling for positioning estimation.
Observation 2: To avoid unnecessary measurements at the UE, the location server can provide the NB-IoT UE with more conditional time of response, and number of required RSTD measurements.

Proposal 1: UE capability request from the location server and the response from the UE can be skipped for NB-IoT. 
Proposal 2: Send LS to RAN2 and ask about how the inter-frequency measurements can be supported for NB-IoT UEs.
Proposal 3: The location server can provide the UE with the option that if N RSTDs with quality X have been measured, then the UE is allowed to report the RSTD measurements, and do not continue with further measurements.
Proposal 4: The NB-IoT UE shall optionally report the network if some termination condition has been fulfilled for RSTD measurement reporting while sending the RSTD measurements and their qualities.  
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