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1. Introduction
UE positioning and tracking are important in many IoT applications. The existing LTE positioning techniques have not been designed for IoT devices that operate in narrow bandwidth. GNSS-based positioning, as a widely used positioning method, is not always appropriate for many IoT applications particularly in indoor scenarios. Additionally, the narrow UE bandwidth poses challenges for positioning accuracy when using the existing 3GPP positioning functionalities defined for legacy UEs. 

In the further enhanced MTC (feMTC) work item (WI) description [1], one of the objectives is positioning improvement for BL/CE (eMTC) UEs based on Observed Time Difference of Arrival (OTDoA) techniques. Improvements of positioning accuracy, UE complexity and power consumption should be considered.

This contribution provides our view on several possible options to improve OTDoA based positioning for feMTC UE where the main obstacle is the limited bandwidth operation.

2. Discussion
OTDOA is one of the Radio Access Technology (RAT) dependent positioning techniques which has been widely deployed in LTE networks. In principle, the device/user equipment (UE) receives reference signals from multiple eNode-Bs and then performs timing difference of arrival (TDOA) measurements. The measurement results are transmitted using the LTE positioning protocol (LPP) from a UE to the location server (LS) via the eNode-B. The location server performs positioning estimation.

LTE has several reference signals, such as:
· Cell-specific Reference Signals (CRS) with the primary purpose to assist data demodulation and measurement at the UE side. CRS are transmitted on each eNodeB antenna port. The CRS are transmitted in the whole LTE system bandwidth and in every non-MBSFN sub-frame (i.e. with 1 ms periodicity).
· Primary/Secondary Synchronization signals (PSS/SSS) with the major purpose of allowing the UE to perform time and frequency synchronization, cell detection, duplexing mode detection, and cyclic prefix type detection.  The synchronization signals are transmitted in 62 sub-carriers around the DC sub-carrier or within less than 1.4 MHz for all LTE bandwidth configuration. The signal periodicity is every 5 sub-frames or 5 ms.
· Positioning reference signals (PRS) with the primary purpose to assist UE positioning using the OTDOA method. The PRS signal is transmitted using antenna port 6 and the mapping in the LTE resource grid depends on the number of PBCH antenna ports as described in [2]. PRS symbols have a diagonal pattern. They are placed every 6th sub-carrier and therefore, have a reuse factor of 6. A PRS sub-frame is dedicated for PRS transmission. There are no other symbols present in order to avoid interference. The PRS signal transmission is reconfigurable. It can be transmitted in the entire LTE system bandwidth. The PRS can be transmitted in X consecutive sub-frame with a PRS periodicity of Y. X varies from 1 to 6 ms and Y is from 160-1280 ms.
Observation 1: All of the existing LTE reference signals can be used for OTDOA positioning purposes for feMTC UEs. The usage of PRS is generally better than usage of other reference signals as PRS has better “hearability” (signal that is dedicated for positioning itself).

It has been shown in [3] that the positioning accuracy based on an LTE smaller bandwidth of 1.4 MHz is worse than for a wider LTE bandwidth. This is primarily due to the limited bandwidth operation having a limited number of PRS resources and also due to the lower sampling rate. For a feMTC UE with 1.4 MHz bandwidth with legacy PRS in a wider LTE bandwidth (e.g. 10 MHz), we consider the positioning accuracy performance is expected to be worse than for a legacy LTE UE operating in a 1.4 MHz system bandwidth. The maximum BS transmit power is defined in [4]. We can observe that the power spectral density (PSD) of a legacy LTE 1.4 MHz system is higher for an LTE signal operating in a wider bandwidth. Thus, the PSD of PRS for feMTC UE operated in an LTE bandwidth of greater than 1.4MHz is lower than the PRS of legacy LTE operating in a 1.4 MHz system bandwidth.

MTC UEs are designed to support operation in enhanced coverage mode while the legacy LTE positioning is designed to support operation in normal coverage mode. This is another issue in designing the OTDOA positioning technique that is capable of providing good positioning accuracy for the feMTC UE in enhanced coverage mode.

Observation 2: The main challenges with feMTC UE positioning are smaller bandwidth operation than the legacy LTE UE and the necessity to support feMTC operation in enhanced coverage mode.

Based on the above feMTC positioning design challenges, we have identified several possibilities for enhancing the accuracy of OTDOA based positioning:

Enhanced PRS with repetition factors
We can consider to have another set of PRS, i.e. E-PRS, in addition to the existing set, that provide extended coverage. Basically, E-PRS serves two purposes:
· Provides PRS coverage for MTC devices operating in coverage enhanced mode (e.g. Mode B operation in fe-MTC)
· Allows an MTC device to perform additional RSTD measurements from eNBs that are further away, thereby increasing the number of reference points (i.e. eNBs) and improve the positioning accuracy.

The legacy PRS is repeated over X subframes every Y subframes. The E-PRS would have a longer repetition XE subframes, where XE > X.  That is the E-PRS are repeated at the subframe level.  E-PRS can have a different period YE to that of legacy PRS. Note that the bandwidth of E-PRS is within the feMTC UE supported bandwidth.
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Figure 1 – Repetition and period of legacy PRS and E-PRS


The E-PRS can also be transmitted right after the legacy PRS transmission (Figure 2). The main advantage is that the feMTC can utilize both the legacy PRS and the E-PRS. Use of the narrowband E-PRS takes up less physical resource than simply extending the repetition factor XE of the wideband legacy PRS. The location of E-PRS is for example in the central narrowband. However, it can be in any other narrowband region. However, in such a case, it must be coordinated with other neighbour eNBs and also known by the UEs in the cell. Therefore, the feMTC UEs can receive E-PRS from multiple eNBs at the same time. The E-PRS can also be power boosted to improve the E-PRS signal quality. If more samples are required, the UE implementation can also consider the usage of CRS in addition to E-PRS, improving the RSTD measurement accuracy [5]. 





[bookmark: _Ref462838978]Figure 2: E-PRS transmission right after the legacy PRS.

Proposal 1: Introduce E-PRS transmission where the E-PRS can have a longer repetition factor than the legacy PRS.

Higher Density Enhanced PRS
The E-PRS can have a different pattern (i.e. occupy different REs in a PRB), for example it can occupy a larger number of REs within a PRB.  That is the E-PRS pattern can have a larger density than that of PRS. Figure 3 shows a subframe containing legacy PRS and a subframe containing E-PRS with increased density. The figure shows that for every PRS location, an additional E-PRS is added in the adjacent resource element (in a cyclic manner). In this figure, the E-PRS effectively occupy the locations for cell_ID ‘n’ and cell_ID ‘n-1’. Note that the specification of the E-PRS locations is different to that legacy PRS. It could also be the case that in some subframes, there may be both PRS and E-PRS. It should be appreciated that a higher density of E-PRS may result in smaller number of eNBs transmission in a subframe, for example, instead of accommodating 6 eNBs’ PRS in a PRB, E-PRS with twice the density may accommodate 3 eNBs in a PRB. UE complexity can potentially be reduced if the UE measures fewer eNodeBs per subframe with the denser E-PRS. The same overall number of eNB measurements can be supported by time multiplexing the E-PRS for the different eNodeBs (as discussed below). 

PRS
E-PRS with increased density

[bookmark: _Ref454965393]Figure 3 – PRS and E-PRS with increased density

Proposal 2: Introduce E-PRS transmission with higher density than the legacy PRS. The legacy PRS can also be transmitted together with the E-PRS in one subframe.

In connection to the E-PRS with higher density, a sub-occasion PRS transmission can be introduced which brings the advantage of reducing the number of eNBs’ PRS measurement and processing required per time (i.e. reducing UE complexity).

In legacy LTE, a PRS subframe can accommodate 6 sets of PRS locations (i.e. 6 frequency shifts), the UE would be required to measure and process 6 sets of times of arrivals (or 5 RSTD measurements).  Although, the UE can process these RSTD measurements during the PRS period TPRS, it has to buffer the NPRS subframes of the Positioning Occasion.  The buffering requirements and hence complexity can be reduced by introducing Sub-Positioning Occasions (Sub-PO) within a Positioning Occasion.  A Sub-PO consists of Nsub consecutive subframes and multiple Sub-POs each of Nsub subframes forms a Positioning Occasion.  The multiple Sub-POs can be separated by a gap of Gsub subframes.  An example is shown in Figure 4, where a Positioning Occasion consists of two Sub-Positioning Occasions, namely Sub-PO#1 and Sub-PO#2.  These two Sub-POs occupy 4 subframes and are separated by a gap of Gsub = 2 subframes.  The Positioning Occasion still has a period of TPRS subframes, as per legacy LTE.  The number of eNBs’ E-PRS that the MTC device is required to measure is divided among the Sub-POs.  For example if a Positioning Occasion contains E-PRS for 6 eNBs, these E-PRS can be divided among 3 Sub-POs such that in each Sub-PO, only 2 eNBs’ E-PRS are measured.  The gap (Gsub) between two Sub-POs provides time for the MTC device to process and calculate the RSTD.  The Sub-POs reduce the number of processing operations that the MTC device is required to perform per unit time by spreading the processing over a longer period and avoids the need to buffer the E-PRS soft bits for processing at a later time.
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[bookmark: _Ref454980117]Figure 4: Sub-Positioning Occasion

Proposal 3: Introduce sub positioning occasions within a positioning occasion where each sub positioning occasion contains a subset of the eNBs’ EPRS transmissions

Enhanced PRS with Frequency Hopping
Other potential enhancement to E-PRS is to enable it to perform frequency hopping across narrowband, which can benefit from frequency diversity and improve the timing measurement accuracy, thereby reducing the number of repetitions required for enhanced coverage UEs.

Proposal 4: It should be possible to frequency hop the E-PRS transmission between narrowbands.

3. Conclusion 
In this contribution we discussed our views on several possible options to improve OTDoA based positioning for feMTC UE and made the following observations and proposals:

Observation 1: All of the existing LTE reference signals can be used for OTDOA positioning purposes for feMTC UEs. The usage of PRS is generally better than usage of other reference signals as PRS has better “hearability” (signal that is dedicated for positioning itself).

Observation 2: The main challenges with feMTC UE positioning are smaller bandwidth operation than the legacy LTE UE and the necessity to support feMTC operation in enhanced coverage mode.

Proposal 1: Introduce E-PRS transmission where the E-PRS can have a longer repetition factor than the legacy PRS.

Proposal 2: Introduce E-PRS transmission with higher density than the legacy PRS. The legacy PRS can also be transmitted together with the E-PRS in one subframe.

Proposal 3: Introduce sub positioning occasions within a positioning occasion where each sub positioning occasion contains a subset of the eNBs’ E-PRS transmissions

Proposal 4: It should be possible to frequency hop the E-PRS transmission between narrowbands.
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