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[bookmark: _Ref409106980]Introduction
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 this contribution, we discuss OTDOA design for NB-IOT.
Baseline Signals for NB-IoT OTDOA
In LTE, the basic concept of OTDOA is that a positioning server, e.g. an E-SMLC, requests the position of a UE which triggers the UE to estimate time of arrival (TOA) of signals received from multiple eNBs. The TOAs from several neighboring eNBs are subtracted from a TOA from a reference eNB to form Observed Time Difference of Arrivals that the UE reports to the network. These measurements are known as Reference Signal Time Difference (RSTD) measurements. Based on the reported RSTD measurements and known positions of the involved eNBs, the positioning server can estimate the position of the UE by using multilateration techniques.
In principle, RSTD measurements for NB-IoT OTDOA can be based on any baseline signals including NB-IoT Rel-13 signals, and LTE CRS/PRS in 1 PRB. In the following, we analyse in detail about these baseline signals for OTDOA support in NB-IoT.
NB-IoT Rel-13 signals and LTE CRS in 1 PRB
NB-IoT Rel-13 signals that may be used for RSTD measurements include NPSS, NSSS, and NRS. These signals and LTE CRS in 1 PRB however have not been designed for positioning purpose, and thus each has one or more disadvantages described below.
· Poor hearability due to interference: RSTD measurements based on NPSS/NSSS/NRS may experience significant interference. In particular, when UE attempts to measure TOA for a neighbouring cell, the interference power from its serving cell could be several tens of dBs above the desired signal power, leading to poor TOA estimate. It might be possible to introduce inter-eNB coordination to reduce such interference, e.g., mute serving cell signal to enable better hearability from non-serving cells. But such mechanisms may be quite complex to be standardized in Rel-14. Moreover, they may have impact on UEs not involved in positioning, and it is also not clear how to make them backward compatible with Rel-13 NB-IoT UEs. 
[bookmark: _GoBack]Our accompanying contribution [4] shows that with 50% load the SINRs of about 60% of all connections are below -15 dB for 10 strongest eNBs in a frequency reuse 1 network. This demonstrates the poor hearability of NPSS/NSSS/NRS of neighboring eNBs due to interference, which as shown in [4] have considerable negative impact on achievable positioning performance
· Configuration inflexibility: The configurations of NPSS and NSSS in time domain are fixed. NRS configuration may be changed using valid subframe pattern configuration, but this involves system information change, leading to impact on UEs not involved in positioning. Configuration inflexibility makes it hard to coordinate the transmissions of NPSS, NSSS or NRS across cells, which limits the possibility of introducing designs such as muting to improve hearability of multiple neighboring cells. 
· Lack of synergy with legacy LTE PRS and FeMTC PRS for OTDOA: Inband deployment is an important deployment mode for NB-IoT. If the positioning reference signal for NB-IoT can be designed to maintain synergy with e.g. legacy LTE PRS, then it is possible for LTE UEs to combine positioning reference signal in NB-IoT and PRS in non-NB-IoT PRBs for RSTD measurements. This synergy can lead to improved radio resource utilization efficiency. On the other hand, lack of synergy may require different cell planning/resource element mapping/sequence generation for NB-IoT and LTE networks, and thus is considered highly undesirable.
· Cell identification ambiguity: NPSS sequence is the same across all cells. It may be hard for UE to differentiate NPSS signals from different cells. 
· Non-unified design for inband, guardband, and standalone deployments: LTE CRS in 1 PRB is only available for inband deployment. This may lead to a non-unified OTDOA design for inband, guardband, and standalone deployments.
Based on the above analysis, it is clear that if not impossible using NB-IoT Rel-13 signals or LTE CRS in 1 PRB for RSTD measurements may require a significant effort in design, standardization, and testing to achieve satisfactory positioning support. 
Observation 1: Using NB-IoT Rel-13 signals or LTE CRS in 1 PRB for RSTD measurements may lead to poor hearability of multiple neighbouring cells and may require a significant effort in design, standardization, and testing to achieve satisfactory positioning support. 
LTE PRS in 1 PRB
LTE PRS is a well-established signal for RSTD measurement in OTDOA since Rel-9, and a rich set of mechanisms have been standardized to achieve good positioning accuracy. In particular, LTE PRS offers 3 layers of isolation of PRS signals from different cells: 
· frequency domain with a reuse 6, 
· time domain with muting, and 
· code domain with different cells using different sequences. 
These designs enable excellent hearability of PRS from multiple neighboring cells.
Building on the wisdom that 3GPP has been devoted to PRS, using LTE PRS in 1 PRB for NB-IoT OTDOA helps reduce design risks and testing efforts, leading to fast time-to-market that has been an important consideration since the birth of NB-IoT. It also leads to good synergy with legacy LTE PRS and FeMTC PRS for OTDOA when NB-IoT is deployed inband. More importantly, the reuse 6 pattern greatly enhances hearability of PRS from multiple neighboring cells. Indeed, as shown in our accompanying contribution [3], the 6 reuse alone allows 70% of all connections to be above -15 dB SINR for 10 strongest eNBs in a reuse 1 network, showing a significant 30% improvement compared to the case without reuse 6 PRS pattern. If in addition applying time domain muting further improvements are within reach.
Observation 2: Using LTE PRS in 1 PRB for RSTD measurements reduces design risks and testing efforts, achieves good synergy with legacy LTE PRS and FeMTC PRS, and enables much enhanced hearability of multiple neighboring cells.
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[bookmark: _Ref462745971]Figure 1: LTE PRS in 1 PRB in inband deployment
The diagonal pattern of LTE PRS in PRB, as shown in Figure 1, avoids collision with LTE CRS and LTE PCFICH, PHICH, and PDCCH that may use up to the first 3 OFDM symbols in a subframe (for >1.4 MHz LTE bandwidth). This mapping has already well taken care of constraints for NB-IoT inband deployment. For standalone or guardband deployment, it is not necessary to avoid collision with LTE CRS and LTE PCFICH, PHICH, and PDCCH. The unnecessary avoidance may lead to radio resource waste. Therefore, it is beneficial to reclaim the punctured resource elements in the diagonal pattern of LTE PRS for NB-IoT standalone or guardband deployment. Figure 2 shows how such reclaim may be performed. The reclaim in Figure 2 yields 10*log10(14/8) = 2.43dB energy gain for standalone or guardband deployment where LTE CRS is not transmitted, and the diagonal pattern spreads PRS in time and frequency to the largest extent, yielding the maximum timing resolution possible in 1 PRB.
Observation 3: The punctured resource elements in the diagonal pattern of LTE PRS in 1 PRB can be reclaimed for NB-IoT standalone or guardband deployment.
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[bookmark: _Ref462746453]Figure 2: LTE PRS in 1 PRB extended to standalone and guardband deployments
Due to the reuse 6 pattern of LTE PRS in frequency domain, LTE PRS in 1 PRB with extension to standalone or guardband deployment shown in Figure 2 is sparser than NPSS or NSSS. This is not a design deficit but an intentional design feature to enhance hearability of PRS of multiple neighboring cells. Compared to NSSS that is mapped to the last 11 symbols in a subframe, PRS is ~4.7 times sparser. Accordingly, without power boosting of PRS, it requires ~4.7 more subframes for PRS than NSSS to accumulate the same signal energy. This however can be reduced by PRS power boosting that is already available in LTE. Though further PRS power boosting may be difficult for already power boosted NB-IoT anchor carrier in inband deployment, PRS power boosting is possible for standalone (and possibly guardband).
· With 3dB PRS power boosting, only ~2.36 times more subframes are needed for PRS than NSSS to accumulate the same signal energy.
· With 6dB PRS power boosting, only ~1.18 times more subframes are needed for PRS than NSSS to accumulate the same signal energy.
Further, to enhance NB-IoT OTDOA support for extended coverage, if necessary we could further consider denser PRS configuration than existing LTE PRS by specifying smaller PRS periods and/or larger numbers of consecutive PRS subframes in a PRS occasion. 
Based on the above analysis, it is clear that LTE PRS 1 PRB with extension to standalone or guardband deployment is preferred for RSTD measurements in NB-IoT OTDOA. Other baseline signals such as NSSS or NRS may be included for measurements if enhanced measurement accuracy is needed.
Proposal 1: RSTD measurements for NB-IoT OTDOA are based on LTE PRS in 1 PRB with extension to standalone and guardband deployments. 
Conclusions
In this contribution, we have analysed the baseline signals for OTDOA support in NB-IoT and made the following observations.
Observation 1: Using NB-IoT Rel-13 signals or LTE CRS in 1 PRB for RSTD measurements may lead to poor hearability of multiple neighbouring cells and may require a significant effort in design, standardization, and testing to achieve satisfactory positioning support. 
Observation 2: Using LTE PRS in 1 PRB for RSTD measurements reduces design risks and testing efforts, achieves good synergy with legacy LTE PRS and FeMTC PRS, and enables much enhanced hearability of multiple neighboring cells.
Observation 3: The punctured resource elements in the diagonal pattern of LTE PRS in 1 PRB can be reclaimed for NB-IoT standalone or guardband deployment.

Based on the analysis and observations, we make the following proposal. 
Proposal 1: RSTD measurements for NB-IoT OTDOA are based on LTE PRS in 1 PRB with extension to standalone and guardband deployments. 
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