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Introduction
TSG RAN #86 has decided to consider OTDOA for NB-IOT positioning [1].  In TSG RAN1 Meeting #86bis [2], general concepts for the underlying signal design for NB-IoT positioning have been agreed as follows. 
	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
Agreement:
· The subframes which contain NPRS are configured by higher-layers
· Per NB-IoT carrier, it is possible to configure the subframes used NPRS transmission such that NPRS do not occur in subframes containing transmissions to Rel-13 UEs in the cell of:
· NPDCCH
· NPDSCH
· NPBCH
· NPSS/NSSS
Agreement:
· Indication of NPRS muting patterns is
· Alt. 2: Indicated with a periodic NPRS muting sequence
· Details are FFS



This text discusses further the suitability of several realizations for reference signals in the downlink for NB-IoT positioning, i.e. for the OTDOA scheme.


Background & Motivation
For OTDOA positioning, the time of arrival of the downlink signals associated to a set of nearby base stations is measured by the UE. While legacy LTE uses a dedicated reference signal [3] – the PRS –, it is still unclear, how the respective signals in NB-IoT will look like in the end, even though it is agreed to use the PRS resource pattern from LTE mapped to a single resource block as baseline [2].
[bookmark: _GoBack]The maximum transmit power for standalone NB-IoT eNBs as defined in [4], is 43 dBm, which is two orders of magnitude larger than for uplink signals (23 dBm). This helps the TOA estimation of signals from far away eNBs, but only when the increased interference is mitigated in some orthogonal domain. A relatively high SNR also enables the implementation of simplified suboptimum TOA estimation schemes in the UE, saving processing energy and increasing battery lifetimes.
In order to achieve the best performance, the reference signal chosen shall have the following characteristics:
· The signals for positioning should in total span over a sufficient bandwidth in order to achieve reasonable estimation accuracies for T(D)OAs and thus the position. In the case of NB-IoT, this means that it should span most of the 180 kHz bandwidth of one PRB.
· The positioning signal should be uniformly spread over the whole bandwidth (at least on average) to achieve a maximum multipath resolution.
· In order to minimize interference, the received reference signals from an eNB must be as orthogonal as possible to the signals of other neighboring eNBs. Then, the reference signals can be distinguished in time, frequency, or code domain enabling the UE to detect even weak eNBs. 
Observation 1: OTDOA positioning reference signals shall be uniformly spread over the 180 kHz bandwidth of an NB-IoT downlink PRB.
Observation 2: When using OTDOA based positioning, the reference signals from eNBs interfere with each other.
The PRS of legacy LTE is spread over the whole spectrum of a PRB dedicated to PRS transmission, as in Figure 1, while maximally employing two subcarriers per PRB at a time. The respective resource elements (marked in grey) are modulated with a truncated pseudo-noise sequence in terms of a Gold code mapped to QPSK symbols according to
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[bookmark: _Ref462993924][bookmark: _Ref462993914]Figure 1: PRS distributed over the PRB [3].
In legacy LTE, a Gold code is generated on a per OFDM-symbol basis. This allows for a very simple adaption to different PRS bandwidths by the generation of a long code and truncation to the desired bandwidth. 
For NB-IoT, just four symbols of the Gold code would be mapped to two resource elements of one OFDM-symbol if the old code design is kept. This minimal use of the generated code words allows for two main conclusions
a) it is inefficient in generation due to frequent initialization of the generator,
b) the truncated sequence loses its advantageous correlation properties in terms of increasing cross-correlation peak magnitude.
Observation 3: Legacy LTE PRS codes directly mapped to NB-IoT have high cross-correlation peaks.
As the bandwidth of NB-IoT is limited to 1 PRB, at least for the standalone case, an optimized contiguous mapping of the code to multiple OFDM symbols or multiple subframes in a new PRS design is possible. If good cross-correlation properties are to be achieved, a generation of the complete sequence (or at least a longer partial sequence) is essential, such that it is recommended to design a continuous sequence over one or multiple subframes. 

Simulations
To study the effect of longer codes with respect to their cross-correlation properties in a synchronous network, we compare three codes mapped to 4 consecutive subframes
· Legacy LTE PRS, restricted to one PRB (denoted LTE Legacy).
· Gold codes generated according to [3] but one codeword is mapped to the resource elements of 4 consecutive subframes in a frequency first manner.
· Zadoff-Chu (ZC) sequences with different root-indices, mapped to 4 consecutive subframes in a frequency-first manner.
The evaluations consider all cross-correlations among 504 PCIs.
In Figure 2, 4 subframes are combined coherently. A ZC sequence shows the best cross-correlation properties, while the legacy LTE design shows the highest cross-correlations.
Also other aspects are apparent:
· The ZC sequences are distinctly limited in the cross-correlation at a level of approximately 0.15.
· No such clear limit is observed for Gold sequences.
· The Legacy LTE design does not gain from coherent combining of multiple subframes, as can be seen by comparing the cross-correlation properties of LTE Legacy in Figure 2 and Figure 3.
Conclusion 1: The direct mapping of the PRS scheme from LTE to NB-IoT does not provide good cross-correlation properties.
Observation 4: Legacy LTE PRS are outperformed by continuous code designs in terms of the cross-correlation if multiple subframes can be combined coherently.
Observation 5: When extending to multiple subframes, Gold codes and ZC sequences show adequate cross-correlation properties. ZC provides the best cross-correlation performance. 
Observation 6: In general, ZC codes can guarantee a maximum cross-correlation threshold if processed coherently.
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Figure 2: Coherent integration over 4 subframes.
A fast moving UE may find it difficult to coherently process 4 subframes due to resulting Doppler shifts in addition to the frequency offsets, however the UE is free to process only a single subframe coherently. In Figure 3 the four subframes are non-coherently combined. As expected, degradation in performance occurs compared to the case when the subframes are coherently combined. 
[image: Z:\home\sak\5G_IP_OK\Results_RAN1_87\XCorr_Gold_ZC\1_sf_coherent.emf]
Figure 3: Non-coherent combining of 4 subframes (coherent integration over 1 subframe).

Proposal 1: Further study long ZC or Gold codes mapped to multiple OFDM symbols and subframes. 
Conclusion
[bookmark: _Ref415123869][bookmark: _Ref426028042]Observation 1: OTDOA positioning reference signals shall be uniformly spread over the 180 kHz bandwidth of an NB-IoT downlink PRB.
Observation 2: When using OTDOA based positioning, the reference signals from eNBs interfere with each other.
Observation 3: Legacy LTE PRS codes directly mapped to NB-IoT have high cross-correlation peaks.
Observation 4: Legacy LTE PRS are outperformed by continuous code designs in terms of the cross-correlation, at least if multiple subframes can be combined coherently.
Observation 5: When extending to multiple subframes, Gold codes and ZC sequences show adequate cross-correlation properties. ZC provides the best cross-correlation performance. 
Observation 6: In general, ZC codes can guarantee a maximum cross-correlation threshold if processed coherently.

Conclusion 1: The direct mapping of the PRS scheme from LTE to NB-IoT does not provide good cross-correlation properties.

Proposal 1: Further study long ZC or Gold codes mapped to multiple OFDM symbols and subframes. 
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