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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 RAN1#86bis, the following agreement and working assumption have been made for narrowband OTDOA positioning reference signal (NPRS) design.

Agreement:
· Introduce a new positioning reference signal for OTDOA in NB-IoT
· Not based on existing Rel-13 NB-IoT signal and not based on LTE CRS.
Working assumptions:
· 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
· NPSS/NSSS
In this contribution, we discuss the NPRS design for OTDOA in NB-IoT. The discussion of NPRS configuration (including increased NPRS density) is treated in our companion contribution [2].
NPRS 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.
It has been agreed in RAN1#86bis that a new positioning reference signal (not based on existing Rel-13 NB-IoT signal and not based on LTE CRS) is introduced for OTDOA in NB-IoT. Further, a working assumption that NB-IoT positioning reference signal resource pattern in one subframe is at least LTE PRS in 1 PRB has been made in RAN1#86bis.
NPRS resource element mapping pattern
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 reuse 6 PRS pattern 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 [4].
Observation 1: Using LTE PRS in 1 PRB for RSTD measurements for NB-IoT OTDOA 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.

Proposal 1: RAN1 agrees on the working assumption that “NB-IoT positioning reference signal resource pattern in one subframe is at least LTE PRS in 1 PRB.”
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[bookmark: _Ref465676646]Figure 1: LTE PRS in 1 PRB in inband deployment (1 or 2 PBCH antenna ports)
The diagonal pattern of LTE PRS in 1 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 the constraints imposed on 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 show how such reclaim may be performed. The reclaim 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 possible timing resolution in 1 PRB.
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[bookmark: _Ref465675022]Figure 2: LTE PRS in 1 PRB extended to standalone and guardband deployments
Observation 2: The punctured resource elements in the diagonal pattern of LTE PRS in 1 PRB can be reclaimed for NB-IoT standalone or guardband deployment.
Proposal 2: For NB-IoT standalone or guardband deployment, the diagonal resource element mapping pattern of LTE PRS in 1 PRB is extended to use all the diagonal resource elements in a subframe for NPRS, as illustrated in Figure 2.

NPRS sequence determination
LTE PRS sequence is based on pseudo-random QPSK sequence specified in Section 6.10.4 in [5]. The sequence changes with frequency index, symbol index, and slot index in a radio frame. LTE PRS sequences are always mapped around the carrier frequency with configurable bandwidth of 1.4, 3, 5, 10, 15, or 20 MHz. Figure 3 gives an illustration of LTE PRS sequence mapping when LTE PRS of 6 PRBs is configured. 
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[bookmark: _Ref465677482]Figure 3: An illustration of LTE PRS sequence mapping
If NPRS resource element mapping pattern follows the diagonal pattern of LTE PRS in 1 PRB with reuse 6, it is also natural to reuse LTE PRS sequence for NPRS sequence. In particular, we can truncate the LTE PRS sequence (that has a maximum length of 220) and use a portion of 2 elements in the sequence for NPRS. The remaining question is about which portion of the LTE PRS sequence should be used for NPRS. 
A fixed subsequence of length-2 truncated from the LTE PRS sequence can be used for NPRS, e.g., the fixed subsequence can be the central two elements of LTE PRS sequence. This is suitable for standalone deployment of NB-IoT.
Inband NB-IoT carriers can be flexibly placed in a number of positions inside a wideband LTE carrier. Without considering the position of NB-IoT carrier in a LTE carrier, the synergy between LTE PRS and NPRS is lost to some extent. For example, in Figure 4, LTE PRS and NPRS are configured with the same period (but NPRS is much denser than LTE PRS in time domain). In this case, NPRS punctures LTE PRS if NPRS sequence is fixed to be the central 2 elements of LTE PRS sequence. This puncturing would not be known to legacy LTE UE. Network may circumvent this issue by configuring orthogonal radio resources for LTE PRS and NPRS, respectively. Still, it would be beneficial if NPRS sequence can be determined based on the position of the corresponding NB-IoT carrier inside the wideband LTE carrier. This also helps improve quasi-orthogonality of pseudo-random sequences when NPRS’s are configured on multiple NB-IoT carriers. In particular, it helps randomize interference, leading to improved RSTD measurement accuracy. 
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[bookmark: _Ref465682932]Figure 4: Wideband LTE PRS underlaid with inband NPRS
For NB-IoT deployed in the guard bands, maintaining the synergy between NPRS sequence and LTE PRS sequence is less needed. Therefore, NPRS for guardband NB-IoT can be determined in a similar way as standalone NB-IoT, i.e., the central two elements of LTE PRS sequence is also used for NPRS in guardband NB-IoT.
Observation 3: NPRS sequence can be determined based on a subsequence of length-2 truncated from the LTE PRS sequence that has a maximum length of 220.
Proposal 3: For standalone/guardband NB-IoT, the central 2 elements of LTE PRS sequence is used for NPRS.
Proposal 4: For inband NB-IoT, the length-2 NPRS sequence is truncated from LTE PRS sequence based on the relative frequency position of NB-IoT carrier inside the LTE carrier.
Conclusions
In this contribution, we have analysed the NPRS design for OTDOA support in NB-IoT and made the following observations.
Observation 1: Using LTE PRS in 1 PRB for RSTD measurements for NB-IoT OTDOA 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 2: The punctured resource elements in the diagonal pattern of LTE PRS in 1 PRB can be reclaimed for NB-IoT standalone or guardband deployment.
Observation 3: NPRS sequence can be determined based on a subsequence of length-2 truncated from the LTE PRS sequence that has a maximum length of 220.

Based on the analysis and observations, we make the following proposals. 
Proposal 1: RAN1 agrees on the working assumption that “NB-IoT positioning reference signal resource pattern in one subframe is at least LTE PRS in 1 PRB.”
Proposal 2: For NB-IoT standalone or guardband deployment, the diagonal resource element mapping pattern of LTE PRS in 1 PRB is extended to use all the diagonal resource elements in a subframe for NPRS, as illustrated in Figure 2.

Proposal 3: For standalone/guardband NB-IoT, the central 2 elements of LTE PRS sequence is used for NPRS.
Proposal 4: For inband NB-IoT, the length-2 NPRS sequence is truncated from LTE PRS sequence based on the relative frequency position of NB-IoT carrier inside the LTE carrier.
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